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Chapter P
Prerequisites: Fundamental Concepts of Algebra

Section P.1

Check Point Exercises

1. 8+6(x—3)* =8+6(13-3)°

=8+6(10)
=8+6(100)
=8+600
=608

2. a. Since 2014 is 14 years after 2000, substitute 14
for x.

T =4x? +330x+3310
= 4(14) +330(14)+3310
=8714

The average cost of tuition and fees at public
U.S. colleges for the school year ending in
2014 was $8714.

b. The formula underestimates the actual answer
by $179.

3.  The elements common to {3, 4,5, 6, 7} and
{3,7,8,9} are 3 and 7.
{3,4,5,6,7;n{3,7,8,9} = {3,7}

4. The union is the set containing all the elements of
either set.
{3,4,5,6,7;01{3,7,8,9} = {3,4,5,6,7,8,9}

5. {—9, -13,0, 03, %, 9, \/ﬁ}

5
a. Natural numbers: /9 because +/9 =3
b. Whole numbers: 0, x@

c. Integers: -9, 0, Jo

d. Rational numbers: -9, —1.3, 0, 03, Jo

e. Irrational numbers: %, J10

f.  Real numbers: -9, —1.3, 0, 05, %, \/5, J10

6. a [1-42]

Because /2 = 1.4, the number inside the

absolute value bars is negative. The absolute
value of x when x <0 is —x. Thus,

[1-2]=-(1-v2)=+2-1

b. |z-3]
Because 7 = 3.14, the number inside the

absolute value bars is positive. The absolute
value of a positive number is the number itself.
Thus,

|7-3|=7-3.

[
x
Because x>0, |x| =X.

x
Thus, |—=£=1
X X

7. |-4-)|=]-9=9
The distance between —4 and 5 is 9.

8. 7(4x> +3x)+2(5x% +x)

=7(4x% +3x)+2(5x% +x)
=28x% +21x+10x2 +2x
=38x% +23x

9. 6+4[7-(x-2)]
=6+4[7—x+2)]

=6+49—x]
=6+36—4x
=42-4x
Concept and Vocabulary Check P.1
1. expression
2. b to the nth power; base; exponent
3. formula; modeling; models
4.  intersection; ANB

5. union; AUB

6. natural

Copyright © 2018 Pearson Education, Inc.



Chapter P Prerequisites: Fundamental Concepts of Algebra

10.
11.
12.
13.

14.

15.
16.
17.
18.

19.

whole

integers

rational

irrational

rational; irrational
absolute value; x, —x
b+a; ba
a+(b+c); (ab)e
ab+ac

0; inverse; 0; identity
inverse; 1; identity
simplified

a

Exercise Set P.1

1.

10.

7+5(10)=7+50=57
8+6(5)=8+30=38
6(3)-8=18-8=10
8(3)—4=24-4=20

8% +3(8)=64+24=88

6% +5(6)=36+30=66

72 —6(7)+3=49-42+3=7+3=10
82 -7(8)+4=64—-56+4=8+4=12

4+509-7) =4+502)°
=4+5(8)=4+40=44

6+5(8—6)° =6+5(2)°
=6+5(8)
= 6+40 = 46

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

2 = _
P00,

82 —4(8—3)=64—4(5)=64—-20=44

5(x+2) _ 5(10+2)
2x—14  2(10)-14

_5(12)
6
=52
=10
7(x—3): 7(9-3) :7(6):7.3:21
2x—-16 2(9)-16 2
2x+3y;x:_2’y:4
x+1
_2(—2)+3(4)_—4+12_i__8
-2+1 -1 -1
2x+y ;x=—2andy=4
xy—2x
2(-2)+4 _—4+4 0 _

(-2)(4)-2(-2) -8+4 4

5 5
C=7(50-32) =—(18)=10
5! ) =508

50°F is equivalent to 10°C.

5 5 5
C==(F-32)==(86—-32)==(54)=30
5! )=5( V=564

86F is equivalent to 30°C.

h=4+60t—16t> = 4+ 60(2)—16(2)°
=4+120-16(4) =4+120-64
=124-64 =60
Two seconds after it is kicked, the ball’s height is
60 feet.

h=4+ 60t 16>
4+60(3)-16(3)*
4+180-16(9)
=4+180-144
=184-144=40
Three seconds after it is kicked, the ball’s height is
40 feet.

{1,2,3,4} 0{2, 4, 5} = {2,4}
{1,3, 7} 0{2,3,8} = {3}
{s,e,t}N{t,e,5} ={s,e,1}

Copyright © 2018 Pearson Education, Inc.



24

25

26.

27.

28.

29.

30.

31.

32,

33.

34.

35.

36.

. Areal}{le,a,r} ={r,e,a,l}

. {13,5,7}N{2,4,6,8,10} ={ }
The empty set is also denoted by .

{1,3,5,7}N{-5,-3,-1}={ } or @
{a,b,c,d)ND =D
[w,y,2ND =0
(1,2,3,4}U{2,4,5) ={1,2,3,4,5}
{1,3,7,8)U{2,3,8} ={1,2,3,7,8}

{1,3,5,7}U{2.4,6,8,10}
={1,2,3,4,5,6,7,8,10}

{0,1,3,5)U{2,4,6) ={0,1,2,3,4,5,6}

{a,e,i,o,u}UD ={a,e,i,o,u}

{e.m, p,t,y}UD = {e,m, p,t,y}
a. 100

b.  0,4100

c.  —9,0,/100

d. —9,—%,0,0.25,9.2, ~100

e. 3

f. —9,—%,0,0.25,\6,9.2,\/100

a. 49

b. 0,449

c. -7,0, \/E

d.  —7,-0.6,0,4/49
e. 50

f.  —7,-0.6,0,4/49,/50

Copyright © 2018 Pearson Education, Inc.

Section P.1 Algebraic Expressions, Mathematical Models, and Real Numbers

37.

38.

39.

40.

41.

42,

43.

44.

45.

46.

47.

48.

49.

50.

51.

52

a. 64
b. 0,464
c. —11,0,464

d. —11,—%,0,0.75,\/5
e. 5.m

f. —11,—%,0,0.75,\/5,7@\/6—4

a. 4

b. 0,4

c. 5,0, J4

d. -5,-0.3,0,4/4

e. 2

f.  -5-03,0,4/2,/4
0

Answers will vary. An example is %

Answers will vary. An example is 2.

Answers will vary. An example is —2.

true; —13 is to the left of —2 on the number line.
false; —6 is to the left of 2 on the number line.
true; 4 is to the right of —7 on the number line.
true; —13 is to the left of —5 on the number line.
true; - =-—T

true; —3 is to the right of —13 on the number line.
true; O is to the right of —6 on the number line.
true; 0 is to the right of —13 on the number line.

300/ =300

|-203| =203



Chapter P Prerequisites: Fundamental Concepts of Algebra

53.

54.

5S.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.
68.
69.
70.
71.

72.

73.

[12-m|=12-7
7-n{=7-n
N2-s5|=5-+2
N5-13)=13-45

13117 =13-7]=|-4| =4
|-s|-[-13] =|5-13|=|-8| =8
i+ 3] =+ -5 =3 =3
=== -5)|=7]=7
e =l =245=7
][] =[2]-|-5| =2 -5 =3

Y =_—5=_—5=—1

=SS

H+M:H+ﬂ:g+i:1+(—l):0
x y 2 -5 2 -5

The distance is |2—17| = |—15| =15.
The distance is [4—15|=|-11=11.
The distance is |—2—5| = |—7| =7.

The distance is |—6 - 8| = |—14| =14.

The distance is [-19—(—4)| = |-19+4|=|-15| =15 .

The distance is [-26—(-3)| =|-26+3| =|-23|=23..

The distance is
|-3.6-(-1.4)|=|-3.6+1.4=|-22|=22.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

8s.

86.

87.

88.

89.

The distance is
|-5.4-(-1.2)|=|-5.4+1.2|=|-4.2|=42.

6+(4)=(4)+6;
commutative property of addition

11-(74+4)=11-7+11-4;
distributive property of multiplication over addition

6+t2+7)=(6+2)+7,
associative property of addition

6-(2-3)=6-(3-2);
commutative property of multiplication

2+3)+@+5=@+5+@2+3);
commutative property of addition

7-(11-8)=(11-8)-7;
commutative property of multiplication

2(-8+6)=-16+12;
distributive property of multiplication over addition

—8(3+11)=-24+(-88);
distributive property of multiplication over addition

+3)=Lx#-3,
x+3(x )=l

inverse property of multiplication

(x+4)+[—(x+4)]=0;

inverse property of addition

5(3x+4)—4=53x+5-4—4
=15x+20—4
=15x+16

2(5x+4)—-3=2-5x+2-4-3
=10x+8-3
=10x+5

5(3x-2)+12x=5-3x—5-2+12x
=15x—10+12x
=27x-10

2(5x—-1)+14x=2-5x—-2-1+14x
=10x—2+14x
=24x-2

T3y —5)+2(4y+3)
=73y-7-5+2-4y+2-3
=21y-35+8y+6

=29y -29

Copyright © 2018 Pearson Education, Inc.



Section P.1 Algebraic Expressions, Mathematical Models, and Real Numbers

90. 4Qy-6)+3(5y+10) 103. |—6| D |_3|
=4-2y-4-6+3-5y+3-10 6113
=8y—-24+15y+30 653
=23y+6 >

Since 6>3, |6 >|-3|.

91. 5(3y-2)—(7y+2)=15y-10-7y-2

=8y-12 1041 20| [] |-50|
20[ ] 50
92. 4(5y-3)-(6y+3)=20y-12-6y-3 20< 50
=l4y-13 Since 20 < 50, [-20] <|-50).
93. 7-4[3-(4y-5)]=7-4[3-4y+5] 105. HB' 04
=7-4[8-4y] 5 '
=7-32+16y lo.6] L] |-0.6|
=16y-25 06[]0.6
0.6 = 0.6
94. 6-5[8—(2y—4)]=6-5[8-2y+4] . o 1Bl
—6-5[12-2y] Since 0.6=0.6, H—|—0.6|.
=6-60+10y
=10y -54 106. |5
20 |2
e
95. 185" +4-[ 6(x* ~2)+5] 2.5 [] |-2.5]
= 1837 +4-[6x2 —12+5] 231123
=18¢ +4-| 627 -7 . 5
Since 2.5=2.5, |7 =|-2.5].

=18x% +4—6x7 +7
=18x% —6x° +4+7 07 30 3 14 15
=(18-6)x* +11=12x +11 AN ]

40 4 15 14
ELUNELN PN
96. 14x2+5—[7(x2—2)+4}} 40 40 ‘}5\ /14(
— 142 2 O|:|1
=14x? +5-| 72 —14+4 0=
—14x2 +5- 7x2—10J . 30 3 14 15
Since 0<], ——— < —-—.
=14x* +5-7x +10 40 4 15 14
142 A2
=ldxm =72 +5+10 108. 17 18 4 50 5
=(14-7)x* +15 TFD e
=7x% +15 _ﬁ D &_2
_ X M T 60 60
97. —(~14x) = l4x 1o
1>0
98. —(-17y)=17y
Since 1> 0, 1—7E> &—5.
99. —(2x—-3y-6)=-2x+3y+6 1817 60 6
100. —(5x—13y—1)=-5x+13y+1 109. 8 8 [ |
13 13
| 3 13 i
101. —(3x)+[(4y)+(-4y)]=x+0=x 138
3
1[]1
: 1=1
102, Z@)+[(T2)+Tx]=r+0=y Since 1=1, ﬁ+%:|—1|.

Copyright © 2018 Pearson Education, Inc. 5



Chapter P Prerequisites: Fundamental Concepts of Algebra

4 4 6(-4)—5(-3) —24+15
_ 48 118. =
0. | |D17 17 9-10 |
4 17 -9
Uy =
2[]1 =
2>1
2 2
Since 2 >1, |—2| > i—i 119. (5_6) _2|3_7| — (_1) _2|_4|
17 17 89_3.52 89-3-25
_1-2(4)
111. 82 -16+2%-4-3=64-16+4-4-3 89—75
=64—4-4-3 _1-8
=64-16-3 14
=48-3 _—7
=45 vy
__ !
112. 10> -100+5%-2-3=100—-100+25-2—3 2
=100-4-2-3
=100-8-3 2 2
=92-3 120 12+3'5‘2 +3 ‘_12+3-5|4+9|
=89 " 743-62 7+3-36
,  4-5]13]
113. 2'2_3 ~= 5"2_92 9%
B2-(2)F [9-(-2)] _20a3)
10-9 -26
- g 260
[9+2] Y
_10-9 =-10
112
1

=— 121. x—(x+4)=x—-x—-4=—4
121

1042434 5+12 122, x—(8—x)=x—8+x=2x-8

114, =
(12-3-2)° %2‘6)2 123. 6(-5x)=-30x
6
17 124. 10(—4x) =—40x
36

125. 5x—-2x=3x

115. 8-3[-2(2—-5)—-4(8—-6)]=8-3[-2(-3)—-4(2)]

=8-3[6-8] 126. 6x—(—2x)=6x+2x=28x
=8-3[-2]
=8+6
14 127. 8x—(3x+6)=8x—3x—-6=5x-6
116. 8-3[-2(5-7)-5(4~-2)] =8_3[Z (1—02])—5(2)] 128. 8-3(x+6)=8-3x—18=-3x-10
=8-3[-06] ;
=8+18
— 26 129. a. H=E(220—a)
7
117, 22043 —4+12 ‘5(220_20)
. = 7
5-8 -3 =—(200
K 16(200)
-3 =140
8 The lower limit of the heart rate for a 20-year-
-3 old with this exercise goal is 140 beats per
minute.

6 Copyright © 2018 Pearson Education, Inc.



130. a.

131. a.

132, a.

Section P.1 Algebraic Expressions, Mathematical Models, and Real Numbers

H=2(220-0) T =21x" +862x +15,552
: =21(22) +862(22) +15,552
H =—(220-20) = 44,680
2 The formula projects the cost to be $44,680 in
= E(ZOO) 2022.
=160
The upper limit of the heart rate for a 20-year- 133. _0(;)8’55;311220 (Ol 9’(())(;%; x)
;)Iﬁinyt:h this exercise goal is 160 beats per —1200—0.07x
| 1200-0.07x =1200-0.07(6000)
:E(zzo_a) =$780
=l(220_30) 134. 0.067+0.5(50—-¢) = 0.06¢ + 25— 0.5¢
% =25-0.44¢
=—(190)
_ 925 0.06(20) +0.5(50—20)
- =1.2+0.5(30
The lower limit of the heart rate for a 30-year- =12+15 (30)
old with this exercise goal is 95 beats per =16.2 miles

minute.
135.-143. Answers will vary.

3
H= 5(220 -a) 144. does not make sense; Explanations will vary.
3 Sample explanation: Models do not always
H= 5(22 0-30) accurately predict future values.
3
= 5(190) 145. does not make sense; Explanations will vary.
=114 Sample explanation: To use the model, substitute 0
The upper limit of the heart rate for a 30-year- for x.
old with this exercise goal is 114 beats per
minute. 146. makes sense

147. does not make sense; Explanations will vary.
Sample explanation: The commutative property
changes order and the associative property changes

T =21x> +862x+15,552
=21(14)% +862(14) +15,552

=31,736 )
The formula estimates the cost to have been groupInes.
$31,736 in 2014. 148. false; Changes to make the statement true will vary.

A sample change is: Some rational numbers are not

This overestimates the value in the graph by integers

$35.
) 149. false; Changes to make the statement true will vary.
T =21x" +862x+15,552 A sample change is: All whole numbers are integers.

=21(20)% +862(20) +15,552

=41,192 150. true
The formula projects the cost to be $41,192 in .
2020. 151. false; Changes to make the statement true will vary.

A sample change is: Some irrational numbers are

T =21x% +862x +15,552 negative.

=21(12)* +862(12) +15,552 152. false; Changes to make the statement true will vary.
=28,920 A sample change is: The term x has a coefficient
The formula estimates the cost to have been of 1.
$28,920 in 2012.

This underestimates the value in the graph by
$136.

Copyright © 2018 Pearson Education, Inc. 7



Chapter P Prerequisites: Fundamental Concepts of Algebra

153. false; Changes to make the statement true will vary. 10012 y2 100 12 y2
A sample change is: ¢ — = 5Tl =
— _ 20x10y~ 20 xl6 —4
5+43(x—4)=5+3x—-12=3x-7. y y
— 5x12—16y2—(—4)
154. false; Changes to make the statement true will vary. =540
A sample change is: —x —x =—2x.
_3y
155. true Xt
156. 2 ~1.4 22 \2
1.4<15 d. ( 5_16 J :%
V2<15 y ( y4)
157. -7z >-3.5 (5)—2 (x)—z
- )
4
158. 214157 (y )
2 57y
—-—=-1.571 i
y
-1.57>-1.571 yS
34 n T2
2 2 %
_y
159. a. b* B3 =(b-b-b-b)b-b-b)=b" 25x°
9
b. b -b>=(b-b-b-b-b)b-b-b-b-b)=b" 2. a. -2.6x10" =-2,600,000,000
¢. add the exponents b.  3.017x107° =0.000003017
7 b-b-b-b-b- - 9
160. 2 2 _bbbbbbb_,4 3. a.  5,210,000,000=521x10
b b-b-b

b.  —0.00000006893 = —6.893x10~°
b b-b-bb-bbbb
2 =b 7 2 7
b b-b 4. 41010 =(4.1><10 )xlO

c. subtract the exponents = 4.1><(102 x10’ )

=4.1x10°
161. 6.2x10° =6.2x10x10x10 = 6200

It moves the decimal point 3 places to the right.

()]

a. (7.1><105)(5><10‘7)

=7.1.5%x10°-1077
Section P.2 =35.5x1072
=(3.55><101)><10‘2

Check Point Exercises 12
=3.55x(10'x107)

Loa (298) =@ (2) (00) 2165202 =3.55x10°"
12x10® 1.2 10°
b. (—6x2y5)(3xy3):(_6).3.x2.x.yS,y3 b. 02 :T.10—3
=185 =0.4x100d
=0.4x10°
=4x10®

8 Copyright © 2018 Pearson Education, Inc.



7.

4.08x10" _ 4.08x10"° _ 4.08 10"

680,000  68x10° 68 10°
=0.6x10°
= 60,000
The average salary was $60,000 per U.S. police
officer.

S = (1.76x10%)[(1.44x1072) - 2]
= (1.76x10”)[(1.44x1072) - 0°]

=2.5344x10°
=2534.4

The speed of the blood at the central axis of the
artery is 2534.4 centimeters per second.

Concept and Vocabulary Check P.2

1.

10.

™. add

p"": subtract

bl’l
true

a number greater than or equal to 1 and less than 10;
integer

true

false

Exercise Set P.2

52.2=(5-5)-2=25-2=50
62-2=(6-6)-2=36-2=72

(-2)° = (2)(2)-2H-2(-2)(-2) = 64
(-2)" = (-2)(-2)(-2)(-2) =16

20=2.2.2.2.2.2=-64

Copyright © 2018 Pearson Education, Inc.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Section P.2 Exponents and Scientific Notation

24 =2.2.22=-16

-3)°=1
-9)° =1
30=1
99 =1
3oLt 1

£ 444 64
s6_ L 1 1

26 222222 64

22.23=22=2522.2.2.2.2=32
32.32=3%2=233=3.3.3.3.3=243
(2%} =222 =20=2.2.2.2.2.2=64

(3%)? =3%2=3%=3.3.3.3.3.3=729

=284 _2%_-2.2.2.2=16

34
g2 11
2 33 9
73y L1 1
22 2.2 4
A 1 1
—:2 = = = = —
57 ¥ 2222 16
3 s 1 1
—=3 =3 "' ==—=—
37 33 3.3.3 27
2 1 y
Xy=—y==
Xz X2
_ 1 X
Y Y
0.5 5_.5



Chapter P Prerequisites: Fundamental Concepts of Algebra

27. X ox =x =40 45. (3x4)(2x7) =3.2x* x7 =6xMT = 6x!!

11 .5 _ 1145 _ 16
28 xxT=x T =x 46. (11x°)9x'2) =11-9x°x'% = 995712 = 99,17

29, 5.0 _ S50 _ 5
47, (-9x°y)(-2x°y*) = (—9g<+—62>1§x6yy4
30, x 0.2 =, 0H2_ 6 i18x9 5y
=18x"y

3 () =T =y 4 711 4.7 11
48. (-5x"y)(=6x"y ) =(=5)(-6)x"x"yy

32. (xll)5 = x5 = ¢33 - 3Ox?:71);1+11
=30x 'y
_ _ _ 1
33, sy3_ 53 _ 15 _ L
N * ! X2 49 8™ = § ﬂ = 4x 2074 = 4416
. 2x4 2 x4 - -
34, (x_6 oy bt o =L
x24 20)624 20 x24 24—6 18
50. —:[—) T =20 =0x
14 10x%  \10 )| «©
3S. x_7 =47 =)
x 2543 6% (25\(a" | b*
0 e & b [
36. % = x30-10 _ ;20 513245
* =-54'"p
M 1447 _ 21
g " a0 ) B
30 = 54147673
38. ;_ﬁ= x30—(—10) — x30+10 — x40 _ —5a7b3
7 7
39, (8x%)% =82(x")2 =87 12 = 64x" 3. Wb (L4 b | pria g7 2
7b14 7 b14 b7
40. (6x1)? =(6)>(x")? =62 x*? =36x°
LN
. (LA o 1o 10| p%
. ) Bl i _ ppl0-20
=2p710
2
o (6] _6® _ 216 ==
o Gy i b
y y
55. (4x)2=4?)3)?
43, (3x7)°) = (=32 (D)) _ 42,6
922,52 |
_0.4.10 =
=97y 421x6
4. (-3xH0 =3’ (M’ () 16x°
__7,43,63
— 2741218

10 Copyright © 2018 Pearson Education, Inc.



Section P.2 Exponents and Scientific Notation

- 3 2(- 0
56. (10x%)3 =1073x2C 3a7p?
107357 63. | ———| =
| 124°b~
_103lx6 0
_ 4a7p3
1000x° 64. 5,5 7!
12ab
24x° 30 3 3.7 5.9
57. 32%:? 7579 65. 3.8x10% =380
x'y
3 4 14
= 66. 9.2x10% =920
_3)/14 4
= 67. 6x107* =0.0006

68. 7x10™> =0.00007
58 10x*y? _1 a2 o-(-3

3002,5 3 7 6
y 1 69. —7.16x10° =-7,160,000
_gx—8yl2
12 70. —8.17x10% =—8,170,000
3x8 1
71. 7.9x1071 =0.79
-2
3 -2 -6 2
59, |2 | 22X _ ¥ 72. 6.8x107 = 0.68
y y2 250
73. —4.15x107> =-0.00415
-3
4 3
3
60. | > =(L4J 74, -3.14x107> =-0.00314
Yy 3x
3
Yy 75.  —6.00001x10'° = —60,000,100,000
33 4.3
x3 10
- = 76. —7.00001x10' = —70,000,100,000
27x
X 77. 32,000 =23.2x10%
3
o [c1sate?) [
T 5103 | | S04 78. 64,000 = 6.4x10*
3
_[-3p° 79.  638,000,000,000,000,000
R =6.38x10'7
—27p" .
=— 80. 579,000,000,000,000,000 = 5.79%x10
a
; 3 81. -5716=-5.716x10°
. 30448 _[-3p* )
: 17,-2 | — 17-14 _ __ 3
104" 7b u 82. —3829=-3.829x10
10
:[‘3[; } 83. 0.0027=2.7x1073
a
:—271)30 84. 0.0083=83x10">

Copyright © 2018 Pearson Education, Inc.
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Chapter P Prerequisites: Fundamental Concepts of Algebra

85.
86.

87.

88.

89.

90.

91.

92.

93.

94.

9s.

96.

12

~0.00000000504 = —5.04x10~
~0.00000000405 = —4.05x10~

(3x10%)(2.1x10%) = (3 2.1) (10* x10°
=6.3x10%"3 =6.3%107

(2><104)(4.1><103) =8.2x10’

(1.6x10'%)(4x107") = (1.6x4) (10" x107" )

= 6.4x10157C1D
=6.4x10%

(1:4x10'%)(3x107!") = (1.4x3) (10 x107!")

=4.2x10+1D
=42x10*

(6:1x1078)(2x107*) = (6.1x2) (107 x107*)

=12.2x10784
=12.2x10712
=1.22x107!

(5.1x10‘8)(3x10‘4)= 153%10712
=1.53x10"!!

(4.3x10%)(6.2x10%)
= (4.3x6.2)(10° x10*)

=26.66x1054
=26.66x10'2
=2.666x10" = 2.67x10"3

(8.2x108)(4.6x104)

=37.72x108%* =37.72x10'?
=3.772x10"3 = 3.77x10"3

8.4x10® 84 108
= X

4x100 4100
=2.1x10%7 =2.1x10°

6.9x10%

— = 2.3x10%7° =2.3x10°
3x10

97.

98.

100.

101.

102.

103.

104.

105.

3.6x10* 3.6 10*

9x10 9 10
=0.4x1042
=0.4x10° =4x10°

1.2x10%

= 0.6x10* ") = 0.6x10°
2x10™

=(6><10‘1)><106 — 6x10°

4.8x107 _ 4.8 107

24x10° 2.4 106
=2x107%% =2x1078

7.5%1072

- =3x107270 =3x107®
2.5x10

24x1072 24 107

Tecin6 4% ° 16

48%x107° 4.8 10”
=0.5x10720
=0.5x10* =5x10°>

1.5%1072

5%107°
=0.5x10* =5x10°

=0.5x10729

480,000,000,000 _ 4.8x10!!

0.00012 C12x1074
48 10"
1.2 10™
=4x10'=4
=4x10"

282,000,000,000  2.82x10'!

0.00141 141x1073
=2><1(>)<111‘(‘3>
=2x10"

0.00072x0.003

0.00024
(7.2><10—4)(3><10‘3)

2.4x1074
_72x3 107107

=9x107
2.4 1074

Copyright © 2018 Pearson Education, Inc.



106. 66000x0.001 _ (6.6><104)(1><10—3)
0.003x0.002 " (3x1073)(2x107?)

1
:6.6><10 —11 101_( 6)
6><10_7
=1.1x10
-3
_2 _
107. () _x07
3 .6 -3
( 2y 1) X"y
= 6-6,73-(3) =xoy0 -1
-2
_2 _
108. (xy ) . :x:)’j
()
7
—2-6_4—(=3 -
_ 6 4~ ):xsy7:y_8
X

110 (337277 ) (3x) 7 =304y 7300

-2
3.4.5 i)
xXyz _(,6,8._10
1L (_3_4_5J =(x":"7)

12 - 1
12y 16Z =20 _

12 16 20

y

4
4.5 6
x'yz 8 10_12
. | —2=— | =(x%":
£x 7 _6j - )

= 32,740,485 _ 1

32 40 48
Y

(2 1,2 —1) (2x—4 3) (16x‘3 3)0

2
2x—3y—5

(22x2y2 )(2—2 xSy—6)(1)
= (22 —6y—10)
186

_x'%y
=

113.

114.

115.

116.

117.

118.

Section P.2 Exponents and Scientific Notation

(2—1 3y )‘2 (zx—6y4 )‘2 (9x3y—3 )0

2

(Zx_4y_6
2.6.2 -2 12
)
(22x— y—lZ)
26y6
4
a. 3.18x10"?
b. 3.20x10°
. 3.18x10'%  3.18 1012
" 320x10° 320 10°
~0.9938x10%
~9938
$9938 per American
a. 3.02x10"7
b. 3.19x10°
. 3.02x10 _3.02 10
3.19x108  3.19 108
~0.9467x10*
~ 9467
$9467 per American
a. 1.89x10"3
b. 6x10%
1.89x10°  1.89 10"
C. 2 = X 1
6x10 6 10
=0.315%10°
=3.15x10%
=315,000,000
315,00,000 Americans
a. 1.89x10"3
b. 2.54x10'!

1.89x10% 1.89 10'°

= X
2.54x10M" 2.54 10!

~0.74x107

=74
approximately 74 years

Copyright © 2018 Pearson Education, Inc. 13



Chapter P Prerequisites: Fundamental Concepts of Algebra

119.

a. 1.09x10'?
b. 3.2x10’

1.09x10% _1.09 102

32x107 32 107
=0.340625x10°
=34,062.5

34,062.5 years

120.-128. Answers will vary.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

14

does not make sense; Explanations will vary.
Sample explanation: 3’6(x3 )9 =36x>" not 36x'2.

makes sense

does not make sense; Explanations will vary.

Sample explanation: 4.6x101? represents over 4
trillion. The entire world population is measured in

billions (10°).
makes sense

false; Changes to make the statement true will vary.

A sample change is: 4725473,
true

false; Changes to make the statement true will vary.

A sample change is: (—2)4 #27* because 16 # %

false; Changes to make the statement true will vary.
A sample change is: 52.52=23.27,

false; Changes to make the statement true will vary.
A sample change is: 534.7 # 5347.

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

8x10°°

5:4x1&0*4)=4x1@5
2x10™

139.

140.

141.

142.

143.

144.

145.

146.

147.

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

(7x10%)+(2x1073) = 700, 000.002.

true
The doctor has gathered:
2_1 +2_2 :1+L:E+l:§
2 92 4 4 4

3 1. -
So, 1-—=— is remaining.
4 4

b = MmN, b€ =M, bP =N

A=C+D

7Obts.60mi{.24ja4§.365ga«ﬁ/.80)a§
peifi 85121? b
=70-60-34-365-80 beats

=2943360000 beats

=2.94336x10” beats

~2.94x10° beats

The heartbeats approximately 2.94x10° times over a
lifetime of 80 years.

Answers will vary.
a. J16-V4=4.2=8
b. 16-4=+/64=8
c. Vi6-\4=+164
a. /300 ~17.32
b. 1043~17.32
c. /300=1043

a. 2lx+10x=31x

b. 212 +1082 =312

Copyright © 2018 Pearson Education, Inc.



Section P.3

Check Point Exercises

1. a  +f81=9
b. —J/9=-3
11

c — ==
255

d. +/36+64=4100=10
e. 36+/64=6+8=14
2. a. J75=4253=253=53

b. J5x -\10x =/5x-10x
=507
:\j25-2x2
—25x? 2
:5x\/5

w

&
=N
N[ n

Il

£l

El
4

V150x°  [150x°
J2x 2x

\V75x%
=v25x% 3
N

=5xv3

4. a. 8J13+9V13=(8+93

=17J13

b. J17x-20417x
=1J17x —204/17x
=(1-20)V/17x

=—19vJ17x

5. a.  527+V12
=5J9-3+/4-3
=5-3V3+243
=153 +23
=(15+2)13
=173

7.

8.

Section P.3 Radicals and Rational Exponents

b.  64/18x —4/8x
=69 2x — 44 2x
=6-32x —4-22x
=18/2x —8/2x
=(18—8)1/2x

=10+/2x

a.  If we multiply numerator and denominator by
\/3 , the denominator becomes

V343 =9 =3. Therefore, multiply by 1,

choosing N3 for 1.

NG
55 B_5B_53
NCRRNCRNCRRNCRNE

b.  The smallest number that will produce a perfect

. . 6 .
square in the denominator of — is NE)

Ji2
because 12 -+/3 = /36 =6. So multiply by 1,

choosing — for 1.

6 _6 3 _63_63_ 5
Ji2oViz 3 oe 6

_\/§.

SI&

N

16-5
_8(4—+5) o 32-85
11 11

a.  Y40=385=3-3Y5=235
b. 38-;=V64=332-32=232
Ji2s 25 s

C. —_— =
27 327 3

Copyright © 2018 Pearson Education, Inc. 15



Chapter P Prerequisites: Fundamental Concepts of Algebra

9. 3381-433 Concept and Vocabulary Check P.3
=3327.3-433 1.  principal
3 3
=3-333-433
=93-433 2. 8
=(9-433
=5§/§ 3. |a|
1
5 4 b
10. a. 252=425=5 JaJb
1 s Ve
b. 83=38=2 b
1
c. —814=-4B1=-3 6. 183
1 7. 5 63
d. (-8)3=3-8=-
8. 7-3
Y 1 1 1
3 - - —_
TR 9. 10442
273
10. index; radicand
4
= 4
1. a. 273 =(327) =(3)* =81 1. (-2)°
3
= 3 12. a; |a
b 42:(%/1) =(2) =8 Jal
13. Ya
= 1 1 1 1
5= = ===
¢ 32°= 2 s\ 92 4 14. 2; 8
ns (¥32)
Exercise Set P.3
12 a (26%7)(sx%7)
—0.5,43. 803 1. 36=6 =6
— 10 (43)+E)
=10x'?3 2. J25=+5%=5
=10x*
3. —B36=—6> ==6
b _20x4 _(ﬁj i
s s\ s 4. 25=—52 =5
— 4%
=4x s ’ ; 5. —36, The square root of a negative number is not
_ 400 o
= 4x
6. 25, The square root of a negative number is not
13. Y3 =xh=xf=Vx real,

7. J25-16=+9=3
V14425 =169 = 13

®

16 Copyright © 2018 Pearson Education, Inc.



9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

=

21.

22.

J25-J16=5-4=1
V144 +25 =12+5=17

J(=13)% =169 =13

J=17)2 =289 =17
V50 =/25-2 =252 =52
V27 =49-3=93=33

V45x% =49x2 -5
—\ox2 5

NN
:3|x|\/§

V1252 =252 5
=+25x2/5
SNENENG

:5|x|\/§
x/ﬂw/a:\/Zxﬁx

—V12:*
_ﬁfJ‘

=2x 3

J10x -/8x =/10x-8x

=/80x?

ﬁa‘f

= 4x/5
Vxd =\ =
P =P =0y
V2x? Jox =227 -6x

12x°

_ax?
= 2x\/§

Jox B2 =ox-352

=18x3
=9x% 2x
= 3x\/§

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Section P.3 Radicals and Rational Exponents

I
81 /81 9
LMt
9 J49 7
49 N9 7
16 16 4
121 _~vi21 11
9 Jo 3
3 3
V48x _ 48x ~16x2 = 4y
3x 3x
\/72x 7257 / — 3y
\/150x /150x
3x
50x
:\/25x ~2x
=5x\/§
Vodxt  [oax?
Bx 3x
=8x°
=~4x? \2x
=2x«/§
200> [200x°
Jiox ! Viox™
=~20x>" )
=20x"
=~4-5x*
=2x2x/§
3
\/500x° 500x1 _ 500
N 10x~

=+/50x* =/25-2x% =5x22
T3 +6\3 =(7T+6)3 =133
85 +113/5 = (8+11)W/5 =195

Copyright © 2018 Pearson Education, Inc.
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Chapter P Prerequisites: Fundamental Concepts of Algebra

35.
36.

37.

38.

39.

40.

41.

42,

43.

44.

45.

18

6\17x —817x = (6-8)V17x = —217x

413x —613x = (4— 6)V13x = —2/13x
V8+3V2=4-2+32

22 +3V2
Q2+382
=5V2

V20465 =4-5+6V5
=2J5+6y5
=(2+615
=85

V50x —/8x =25 2x —/4-2x
=5V2x —242x
=(5-2)2x

=3J2x

J63x —28x =/9-Tx —/4-7x
=3J7x —247x
=(3-27x

=/7x

318 +54/50 =34/9-2 + 54252
=332 +5-5/2
=02 +25\2
= (942512
=342

412 =275 = 4432253
=4.23-2-53
=8/3-1043
=(@8-1013

=23

3832 +3J72 75
=3v4-2-16-2+336-2-+/25-3
=3.2J2-4/2+3.6J2-5\3
=62 -42+18J2-53
=2032-5\3

3454 —24/24 —/96 + 463
=396 -2v4-6 /166 +49-7
=3.3V6-2-2J6 —4J6 +4-3/7
=06 46— 46 +124/7

=J6+124/7
L_ 1 N1 V7
7 7177

46.

47.

48.

49.

50.

51.

52.

2 _ 2 10 _2vio_+io
Jio Jio Vi 10 s
V2 _2 5 Vo
NERERVEINC
N1 _NT A3V
3333
13 _ 13 3=+
3411 34411 3-4/11
13(3—\/ﬁ)
13(3 J_))
13(3 11)
)
3 _ 3 347
3447 3447 3-417
_ 337
32 (7Y
_36-V7)
9-7
_36-47)
2
77 5+2
J5-2 5-2 542
_7G5+2)
\/%+2)
=7(£+2)
5 _ 5 B+l
-1 3-1 B+l
_ 53+
(3 12
_5:3+1)
o 3-1
_5(3+1)
2

Copyright © 2018 Pearson Education, Inc.



53.

54.

5S.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

6
NWE fffj[ f
T WP -(B)
:6(J%_—3ﬁ)
=3(ﬁz—ﬁ)
11 11 7443

NEENNENN NG

_ HET+3)

WTE-(B)
zgl(x)ﬁ+ff))

7-3
_G7++3)
4

25 =35 =5

Yg =3 =2

Y=g =327 ==
Y125 =35 =5

\4/—16 is not a real number.

Y81 is not a real number.
Yoot =13l
Yot =12)=2
o =3
o -

32§ 2
Jl %ot

4 ¢gHe 2

P32 =384 =84 =2-34

Section P.3 Radicals and Rational Exponents

68. /150 cannot be simplified further.

69. %/x_4=\/3x3~x=x~%/;
70. %/x?=V3 x? =x%/x72

1. 39.36 =354 =327-2=32732 =332

72. 1234 =318 =36 =236

73.

74.

6:564x6 _3

75. R2+332=
76. 633+233 =83

62 f162x°
i‘/ﬁ 2x

72

32y =

Y81xt =3x

77. 5316 +3/54 =538.2+3/27-2
=5-2032+332

=1032+332
=132

78. 3324 +381=38-3+3273
=3.23B3+333

=633+333
=933

79. 3/54x)° — y3128x
=327-2x° - y3/64-2x

=3y§/ﬁ—4y§/§

_¥x

80. 324x)° — 3B1x

= \3/8-3xy3 —y\3/27-3x
= 2y\3/3x - 3yx3/3x
= —yx/3 3x

81. \/§+§/§:\/§+2

82. 3+3/15 will not simplify.

83. 36"2=136=6

=+/121=1

84. 1212

Copyright © 2018 Pearson Education, Inc.
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Chapter P Prerequisites: Fundamental Concepts of Algebra

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95s.

96.

97.

98.

99.

20

g3 _3g =2
273 =327 =3

12523 =(M)2 =52 =25

23 = (g/g)z _4

1 1 1
3045 _ N

394/5 - 2% 16

621 1 _1_ 1
165/2 (\/E)S 45 1024

(7x1/3)(2x1/4 ) Z 7034
4. /3414

_ 14,712

3x23)axY4) = 3.4x2/3 . 4
_10. 2/343/4

— 12,712

20x1/2 20 x1/2
5x1/4 ( j

s )| e
_ 4. 214

— a4

7253 (72 P e 3413 _ o 512
R (| T =8x
0,3 9 )| 413

X

3
(x2/3) 2332

(F5)5 = x¥/55 = 44

(25x4y6)1/2 — 251/2 x4'1/2y6~1/2 — 5x2 |y|3

(125:7 )3 Z 1251397363 _ 5,32

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

( 2y1/5 )4 4 (yl/S )4

310 3/10
Yy y
4/5
16 _
_1oy =16y4/5 3/10 =l6y1/2
y3/10

3/572=52/4 _5V2_f5
3/772:72/4 _2 7

3 6 =63 - 2

Yo'z = 24 2|

§d o3[z _3 2
g/xT _ 9/3/x6/3 _ 3/72

A

_32y

4 8 1 2
R =Jufz oz =[5 ={fl?

6 +4625 =2 +25=37=3

[SSRIE

32
¥y =x3y

FV1169 + 10 + 31000 + 1216
=13+3+410+6
=16 +16

=Y4+4=38
=2
-1/2
( 49x2y ) xyl/Z )
_12( o112 -1/2
b () (=12) (4 (=12) (a2
49172 Y (xy )
L o2 = Lo -24(172)
7 7
1 o 32 _ x
x =
7 7y3/2

Copyright © 2018 Pearson Education, Inc.



112.

[\°]

113.

114.

115.

116.

117.

a3 VAN
(8x 6y3) (x5/6y 13
:81/3 (—6)(1/3)y(3)(1/3)x(5/6)(6)y(—l/3)(6)
1 2
= 2x3y 12
y
x4y13 (=5/4)~(-3/4) 1137
—3/4 y
XA (—2/4)( 1/3)(-6
) y( )(-6)
3.2 _ X
Yy
2,774 4

S

( 1/2 —2 ) 1/2

-5/4

] RENCUDECT)

( 2/4)(—4)

The message is “Paige Fox is bad at math.”

a.

2

For 2030: E =5.8vx +56.4

=5.810 +56.4

For 2060: E = 5.8x +56.4
=5.840 +56.4
=5.8-24/10+56.4
=11.610 +56.4

Difference:

(11.63/10 +56.4) — (5.8V10 + 56.4)

=11.6310 +56.4—5.8\10 — 56.4

=11.6v10 —5.8/10 +56.4—56.4

=5.8J10
The difference is 5.8@.

5810 ~18.3

This underestimates the difference projected by
the graph of 98.2—-74.1=24.1 by 5.8. This
represents a difference of 5.8 million people.

5+1 25+

S-1 5+l

5-1
_2(\5+1)
4

\/§+1

2
=1.62

About 1.62 to 1.

Section P.3 Radicals and Rational Exponents

2
{ v
118. R, =R, —

- (o 9cj2
/ C

f 1- (09)

2

R, =0.44R;
44=0.44R;

44
0 44
100 =

_ 0.44R,
0.44

Ry

If you are gone for 44 weeks, then 100 weeks will
have passed for your friend.

119.

Perimeter:

P=2[+2w
=2.125+2-2420
=2.425-5+4J4-5
=2-5J5+4-24/5
=10/5+85
=185 feet

Area:
A=Iw

=J125-2420

120.

24/125-20

242500
2-50
100 square feet

Perimeter:

=2/4+2w
=2-4J20+2-/80
=8/4-5+216-5
=8-25+2-45
=16/5+85

=24/5 feet

Area:
A=Ilw

= 442080
= 4/20-80

441600

4-40

=160 square feet

121.-128.

Answers will vary.

129. does not make sense; Explanations will vary.
Sample explanation: The denominator is
rationalized correctly.
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Chapter P Prerequisites: Fundamental Concepts of Algebra

130. makes sense

131. does not make sense; Explanations will vary. Sample explanation: 2720 +44/75 simplifies to 45 +20+/3 and thus the
radical terms are not common.

132. does not make sense; Explanations will vary. Sample explanation: Finding the nth root first often gives smaller numbers
on the middle step.

133. false; Changes to make the statement true will vary. A sample change is: 7% -7% =7'=7.

1
134. false; Changes to make the statement true will vary. A sample change is: (8) 3 = L — == !
T f 2
(8)3
135. false; Changes to make the statement true will vary. The cube root of —8 is the real number —2.
5

136. false; Changes to make the statement true will vary. A sample change is: 5 = e

137. (5+)(5—)=
25-[3]=22
3]=3

138. = 5x7

139. 1342+

(

3 ﬁ
13+\/§+
3+f 3-

g
- i 2202
-

-2

1342+ 212 N2 7\F

\/_\/ 34243 \/_
4

140. a.  32[>33
Calculator Check: 1.7321>1.4422

b.  7+J18>N7+18

Calculator Check: 6.8884 >5
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Section P.3 Radicals and Rational Exponents

141. a. * *
24ab+b* \ac—ad+bc=bd B3 4p3 ) o®+ab+b? | a(c—d)+b(c—d) 43 —p

_ ab N MM.M(az—ab+b2) _ ab +a2—ab+b2
a’ +ab+b’ MW M(a2+ab+b2) a’ +ab+b>  a* +ab+b?
_ab+a2—ab+b2_ a® +b?

C Pvab+b® aF+ab+b?

Her son is 8 years old.

S

ab +(ac—ad—bc+bd . a3—b3]_ ab (G(C—d)—b(c—d)’a3+b3J

b. Son’s portion:
1 1

8_g +272 (%)4 &

3 1

I
16 4+27! (416)3”’7_

I 1

[\S)
~
N

15 | oooe a3 e | =[5 = -

+ 4
el PN

Mom’s portion:
o1t
20U 2) 202) 4
142. 2x3y*)5x4y 7y =10x7°

143. 2x*8x* +3x) = 2x* 8xM) + 2x* 3x)
=16x% +6x°

144. 2x(x”> +4x+5)+3(x> +4x+5)
=22 +8x% +10x +3x% +12x+15
=227 +8x% +3x2 +10x +12x+15
=22 +11x% +22x +15
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Chapter P Prerequisites: Fundamental Concepts of Algebra

Section P.4

Check Point Exercises

1. oa (170 +4x% —11x=5)+ (16x° —3x% +3x—15)

=(—17x° +16x3) + (4x? = 3x%) + (-1 1x +3x) + (=5 —15)
=—x° +x% —8x—20

b.  (13x2=9x? = 7x+1)—(=7x> +2x = 5x +9)

=(13x° =9x% = Tx+1)+(7x° —2x° +5x—9)
=(13%° +72°) + (=9x2 = 2x%) + (=Tx + 5x) + (1-9)
=20x> —11x% —2x -8

2. (5x-2)(3x> —5x+4)

=5x(3x% —5x+4)—2(3x —5x+4)

=5x-3x% —5x-5x+5x-4-2-3x2 +2-5x-2-4
=15x> =25x% +20x — 6x> +10x—8

=15x> =31x% +30x -8

3. (Tx=35)(dx—=3)=Tx-4x+7x(=3) +(=5)4x +(=5)(=3)
=28x% —21x—20x+15
=28x% —41x+15

>
®

(7x—=6y)Bx—y) = (7x)(3x) + (7x)(=y) + (=6)(3x) + (=6 y)(-»)
=21x% = 7xy—18xy + 61>
=21x? = 25xp + 637

(2x+4)? =(2x)> +2(2x)(4y) +(4y)*
=4x% +16xy+16)?

&

b4
®

(Bx+2+59)(3x+2-5y) = (3x+2)* = (5y)?
=9x? +12x+4-25)2
=9x? +12x—25)° +4

Qx+y+3)2 = (2x+y)? +22x+ »)(3) +32
=4x2+4xy+y2+l2x+6y+9
=4x2+4xy+12x+y2+6y+9

&

Concept and Vocabulary Check P.4
1. whole

2. standard

3. monomial

4. binomial

5. trinomial
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10.

11.

12.

13.

14.

n

like;

distributive; 4x3 —8x* +6 ; 7%

5x; 3; like

3x? ; S5x; 2lx; 35

A% - B? ; minus

A*>+24B+B? ; squared; product of the terms; squared

A>-24B+B? ; minus; product of the terms; plus

n+m

Exercise Set P.4

yes; 2x+3x% —5=3x> +2x-5

no; The term 3x~" does not have a whole number exponent.

no; The form of a polynomial involves addition and subtraction, not division.

yes; ot os=xt o 452 -5

3x? has degree 2

—5x has degree 1
4 has degree 0

3x2 —5x+4 has degree 2.

—4x> has degree 3

7x* has degree 2
—11 has degree 0

—4x% +7x* 11 has degree 3.

x> has degree 2

—4x> has degree 3
9x has degree 1

—12x* has degree 4
63 has degree 0

x? —4x> +9x—12x* + 63 has degree 4.

Copyright © 2018 Pearson Education, Inc.
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Chapter P Prerequisites: Fundamental Concepts of Algebra

8.  x? has degree 2
—8x has degree 3

15x* has degree 4
91 has degree 0

x* —8x> +15x* +91 has degree 4.

9. (=6 +5x7 —8x+9)+(17x° +2x% —4x—13) = (62> +17x> ) + (5x% +2x°) + (—8x — 4x) + (9—13)
=11 +7x% —12x—4
The degree is 3.

10 (=7x° +6x2 —11x+13)+(19x° —11x2 +7x=17) = (7> +19x> )+ (6x% =11x?) + (=1 1x +7x) + (13 =17)
=12x° —5x% —4x—4
The degree is 3.

11, (17 =5x% +4x=3) = (5x> —9x% =8x+11) = (17x° = 5x% +4x—3)+ (=5x° +9x° +8x—11)
=(17x> =5x°) + (=5x% +9x2) + (4x +8x) + (-3 —11)
=12x> +4x> +12x-14

The degree is 3.

12, (18x* —2x% = 7x+8)— (9x* —6x° —=5x+7) = (18x* = 2x> = 7x +8) + (=9x* + 6x> +5x—7)
= (18x* —9x*) + (=2x° +6x° )+ (=Tx+5x) +(8—7)
=ox* +4x° —2x+1

The degree is 4.

13, (5x2 =Tx—8)+(2x% =3x+7)— (x> —4x—3) = (5x> = Tx—8)+ (2x> —=3x+7) +(—x° + 4x+3)
= (5x2 +2x% = x2) + (—Tx—3x+4x) + (-8 + 7 +3)
=6x> —6x+2

The degree is 2.

14.  (8x% +7x—=5)—(3x% —4x)— (—6x> =5x% +3) = (8x% + Tx = 5) + (=3x% +4x) + (6x° +5x =3)
= 6x° +(8x% =3x% +5x%) + (Tx+4x) +(=5-3)
=6x° +10x% +11x—8

The degree is 3.

15, (x+D)Z —x+D)=x(x2)—x-x+x- 141> -1-x+1-1
=X —x? +x+xt—x+1
=x>+1

16. (x+5)(x2 —5x+25) = x(x?) = x(5x) + x(25) + 5(x%) = 5(5x) + 5(25)

= x> —5x% +25x +5x% —25x +125)
=x>+125

17. (2x=3)(x> =3x+5) = (2x)(x%) + (2x)(=3x) + (2x)(5) + (=3)(x?) + (=3)(=3x) + (=3)(5)
=2x> —6x% +10x—3x2 +9x—15
=23 —9x% +19x 15
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18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Qx—1)(x? —4x+3) = (2x)(x>) + (2x)(=4x) + (2%)(3) + (=1)(x?) + (= 1)(=4x) + (=1)(3)

=2x° —8)62 +6x—x2 +4x-3
=2x° —9x> +10x-3

(x+7)(x+3)=x% +3x+7x+21=x> +10x+21
(x+8)(x+5) = x> +5x+8x+40 = x> +13x+40
(x=5)(x+3) =x?+3x-5x—-15=x>-2x-15

(x—l)(x+2)=x2+2x—x—2=x2+x—2

Bx+52x+D)=Cx)2x)+3x(H)+52x)+5= 6x% +3x+10x+5=6x +13x+5
(Tx+4)(Bx+1) = (7x)(3x) + 7x(1) +4(3x) + 4(1) = 21x* + Tx+12x+4 = 21x> +19x +4
(2x =3)(5x +3) = (2%)(5x) + (2x)(3) + (=3)(5x) + (=3)(3) = 10x> + 6x —15x—9 = 10x> —9x—9

(2x = 5)(Tx +2) = (2x)(7x) + (2x)(2) + (=5)(7x) + (=5)(2) = 14x? + 4x —35x —10 = 14x* —=31x - 10

Section P.4 Polynomials

(5x> = 4)(3x% =7) = (5x2)3x? ) + (5x2)(=T) + (—4)(3x?) + (=4)(=7) = 15x* —35x? —12x% +28 =15x* —47x? + 28

(7x% =2)(3x% =5) = (7Tx)(3x%) + (Tx2)(=3) + (<=2)(3x ) + (=2)(=5) = 21x* =35x2 —=6x2 +10 = 21x* —41x* +10

(847 +3)(x7 = 5) = (8 ) (x? )+ (8+7 ) (=) +(3) (x7 ) + (3)(~5) =8x" —40x +3x7 ~15

(7x3 +5)(x2 —2) = (7x3)(x2)+(7x3)(—2)+(5)(x2)+(5)(—2) =7x> —14x° +5x% =10

(x+3)(x-3)=x>-32=x2-9

(x+5)(x=5)=x? -5 =x>-25
(Bx+2)(3x—2)=(3x)> =22 =9x> -4
(2x+5)(2x=5) = (2x)> =52 = 4x? =25
(5-7x)(5+7x)=5% = (7x)* = 25-49x>
(4-3x)(4+3x) =4% —(3x)> =16—9x7

(4x% +5x)(4x° - 5x) = (4x%)? — (5x)* =16x* —25x°

(3x% +4x)(3x% —4x) = (3x)% - (4x)? = 9x* ~16x

S Rty B
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Chapter P Prerequisites: Fundamental Concepts of Algebra

4. (2-°)(245°) =27 (") =a=)"0

41, (x+2)2 =x*+2-x-2422 =x? +4x+4

42, (x+5)° =x>+2-x-5+5> =x* +10x+25

43. (2x+3)% =(2x)2 +2(2%)(3)+3% = 4x> +12x+9

44. (3x+2)? =(3x)2 +23x)(2)+2% =9x? +12x+4

45. (x-3)?=x?-2-x-3+3% =x? —6x+9

46. (x—4)? =x?-2-x-4+4> =x* —8x+16

47, (4x* =12 = (@x?)? =204 () +1% =16x* —8x% +1

48.  (5x% =3) =(5x%)% = 2(5x>)(3) +3% =25x* —30x2 +9

49. (7-2x)2 =77 —2(7)(2x)+ (2x)* =49—28x +4x? = 4x> —28x+49

50. (9-5x)> =92 —2(9)(5x)+ (5x)> =81-90x+25x> or 25x> —90x+81
51, (x+1)° =3 +3- 22 143x- P+ =3 +3x% +3x+1

52 (x+2° =x3+3-x2 243 x:22+2% =3+ 6x7 +12x+8

53. (2x+3)° =(2x)* +3-(2x)? :3+3(2x)-3% +3° =8x> +36x% +54x+27
54. (3x+4)° =(3x)’ +33x) - 4+3(3x)-4% +43 =27x° +108x” +144x + 64
55. (x-3P=x"-3-x>-3+3-x-32 -3 =x3—0x? +27x-27

56. (x—1)° =x>=3x21+3x- 12 =1> = x> =3x2 +3x—1

57. (3x-4) =(3x)’ =3(3x)% - 4+3(3x) 4% —4% = 27> —108x? +144x — 64
58. (2x-3)° =(2x)* =3(2x)% -3+3(2x)-3% =3 =8x> —36x% +54x-27

59. (x+5»)(T7x+3y)=x(Tx)+x(3y)+(S»y)(7x)+(5y)(3y)
=7x? +3’xy+35)cy+15y2
=7x% +38xy +15)°

60. (x+9y)6x+7y)=x(6x)+x(7y)+(9»)(6x)+(9y)Ty)

=6x° + Txy +54xy + 63y2
=6x> +61xy+63)°
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61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

Section P.4 Polynomials

(x=3y)2x+7y) =x(2x)+x(7y)+(=3y)(2x) + (=3y)(7y)
=2x7 +7xy—6)cy—21y2
=2x7 +xy—21y2
Bx=y)2x+5y)=(3x)(2x)+(3x)(5y) + (=y)(2x) + (-¥)(5¥)
= 6x? +15xy—2xy—5y2
= 6x? +13xy—5y2
(Bxy =1D(5xy +2) = Bxy)(5xy) + (Bxp)(2) + (=1D)(5xy) + (= 1)(2)
= 15x2y2 +6xy—5xy-2
= 15x2y2 +xy—-2
(7 y+1D)(2x%y =3) = (7x° )22 ) + (7x7 P)(=3) + ()2x7 y +(1)(-3)
= 14x4y2 —21x2y+2x2y—3
=14x*y? —19x%y -3
(Tx+5)% = (7x)% +2(7x)(5) + (57)° = 49x2 + 70xy + 2517
(9x+7¥)% = (9%)% +2(9x)(7y) +(7)* =81x? +126xy + 4912
(x2y2 _3)2 — (x2y2)2 _2(x2y2)(3)+32 — x4y4 —6x2y2 +9

(*p? =5)% = (x*y*)? = 2(x*y*)(5)+ 5% =x*y* —10x2)? +25

(=) + 1+ %) = () + x0) + (02 + (=)D + (1)) + (=)(0P)
=x -i—xzy-i-)cy2 —xzy—xy2 -y
= x3 -y

2 2 2 2 2 2
(x+ )" —xp+y7) =x(x7) + x(—x) + x(¥7) + y(x7) + y(—=xp) + y(¥7)
=)c3—xzy+)cy2-i—xzy—xyz-i—y3

=x3+y

(3x+5y)3x—=5y) = (3x)> = (59)* =9x% —25)°

(Tx+3y)(Tx=3y) = (7x)> —=(3y)* = 49x% —9)?
(x+y+)x+y-3)=(x+y)> =32 =x>+2xp+»* -9
(x+y+5)(x+y—5)=(x+y)2—52=x2+2xy+y2—25
Bx+7-50)(3x+7+5y)=GBx+7)> —=(5y)> =9x% +42x+49-25)°
(5x+7y=2)Bx+7y+2) = (5x+7y)* =22 =25x% + 70xy + 491> —4

y—(2x+ y+(2x+3)|=0y) —(<Lx+ =2y" —(4ax" +12x+9) =20y —ax” —12x—
[5y—(2x+3)][5y+(2x+3)]=(51)> —(2x+3)? =25y% —(4x? +12x+9) = 25y% —4x? —12x -9

[8y +(7=3%)][8y — (7=3x)] = (8y)> —(7—3x)% = 641% — (49— 42x + 9x?) = 64> — 49 + 42x — 9x?

Copyright © 2018 Pearson Education, Inc.
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79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

30

(x+y+1)2 =(x+y)2+2(x+y)+1=x2+2xy+y2+2x+2y+l
(x+y+2)2 =(x+y)2+2(x+y)(2)+22 =x2+2xy+y2+4x+4y+4
Q2x+y+1)? =(2x+1)? +22x+y)+1=4x? +4xy+y? +4x+2y+1

(5x+1+63) = Gx+1)% +2(5x +1)(63) +(6)* = 25x% +10x +60xy +1+12y +36y>

(3r+4y)° = (3r-49)” =[ (337 +203x) (49)+ (49)” |- (37 -2(39)(49) +(4)’ |
= (97 +24xy+16y2)—(9x2 ~24xy+16)?)

=9x2 +24xy +16y° —9x% +24xy—16)°
=48xy

2 2 2 2 2 2
(5+29)° = (5x-29)7 =[ (52 +2(52) (20) + (20)7 |~ (557 ~2(5) (29)+ (29
= (25x2 +20xy+4y2)—(25x2 —20xy+4y2)
=25x? —i—20xy+4y2 —25x2 +20xy—4y2
=40xy

(5x=7)(3x—2)—(4x-5)(6x—1)
2[15x ~10x— 21x+14]—[24x —4x- 30x+5]
(15x —31x+14) (24x —34x+5)

=15x% —31x+14—24x% +34x -5
——9x +3x+9

(3x+5)(2x-9)—(7x-2)(x-1)

= (6x2 —27x+10x—45)—(7x2 —7x—2x+2)
= (6x2 —17x—45)—(7x2 —9x+2)

=6x% —17x—45-7x> +9x -2

=—x? —8x—47

(2x+5)(2x-5) (427 +25)

(2x)° =57 |(4x7 +23)

(3x+4)(3x—4)(9x +16)
- [(3x)2 —42|(9x? +16)
(93 —16)(9x* +16)
(9x? )2 —(16)°

81x* —256
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89.

90.

91.

92,

93.

94.

9s.

73)2(5)6—3

Section P.4 Polynomials

=(2x-7)""

=(2x-7)
= (2x)* =2(2x)(7)+(7)?
=4x? —28x+49

)6—4

= (5x-3)’
= (5x)% =2(5x)(3)+(3)*
=25x> —30x+9

a. S=02x —15x2+34x+25 +(o.1x3 —1.3x2 +3.3x+5)

S =02x>—1.5x% +3.4x+25+0.1x°> —1.3x2 +3.3x +5
S =03x>—2.8x% +6.7x+30

b. S=03x>-2.8x>+6.7x+30
S =0.3(5)° —2.8(5)> +6.7(5)+30
§=31

The model gives a score of 31 for the group in the 45-54 age range which is the same as the score displayed by the
bar graph.
A §=-0.020 +0.4x7 +12x+22+(=0.01x" ~0.2” +1.1x+2)

S =-0.02x" +0.4x% +1.2x+22-0.01x° —0.2x% +1.1x+2
S =-0.03x> +0.2x% +2.3x + 24

b. S =-0.03x>+0.2x> +2.3x +24
S =-0.03(5)> +0.2(5)> +2.3(5) + 24
§=36.75
The model gives a score of 36.75 for the group of slightly conservative political identification group. This
underestimates the score shown on the bar graph by 0.25.
+(8-2x)(10-2x) = x(80-36x+4x
= 80x —36x% +4x°
= 4x’ —36x% +80x

£(8-2x)(5-2x) = x(40-26x+ 47 )
= 40x—26x> +4x°
= 4x> —26x% +40x

(x+9)(x+3)-(x+5)(x+1)

=x’ +12x-i—27—(x2 +6x+5)

=x? +12x+27— x> —6x—5
=6x+22
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96. (x+4)(x+3)-(x+2)(x+1)
=x2+7x+12—(x2+3x+2)

=x? +7x+12-x%* -3x-2
=4x+10

97.—-102. Answers will vary.
103. makes sense
104. does not make sense; Explanations will vary. Sample explanation: FOIL is used to multiply two binomials.
105. makes sense
106. makes sense, although answers may vary
107. (x+3)(x—-D+((x+3)—x)(x—(x—1))
=(x+3)(x-1)+3(x—x+1)

=x? —x+3x-3+3
=x2+2x

108. (2x—Dx(x+3)—x(x—2)x
=(2x% +5x=3)(x+2)—x*(x—2)
=2x° +5x% = 3x— x> +2x?
=x>+7x% -3x

109. (x+5)2x+1D)(x+2)-3-x(x+5)

=(2x% +11x+5)(x +2) - 3x% —15x
=2 +15x% +27x +10-3x% —15x
=2x> +12x% +12x+10

110. ()" +2)()" =2)-(»" -3)
=y —4-(»*" - 6y" +9)
:y2n_4_y2n+6yn -9
=6y" 13

111 (x+3)(x+[4]) =x> +7x+12

112, (x—[2))(x=12) = x* —14x+24

113. (4x+D)(2x—[3)) =8x% —10x-3
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Section P.5

Check Point Exercises

1. a  10x° —4x?

=2x%(5x) - 2x2(2)
=2x%(5x-2)

b. 2x(x-7)+3(x-7)
=(x-7)(2x+3)

2. X+5x2-2x-10
= (x> +5x2)—(2x +10)
= x?(x+5)-2(x+5)
=(x+5(x*-2)

Section P.5 Factoring Polynomials

3. Find two numbers whose product is 40 and whose sum is 13. The required integers are 8 and 5. Thus,
X% +13x+40 = (x +8)(x+5) or (x+5)(x +8).

4. Find two numbers whose product is —14 and whose sum is —5. The required integers are —7 and 2. Thus,
X% —5x—14=(x=T)(x+2) or (x+2)(x—7).

5.  Find two First terms whose product is 6x°.

6x°> +19x—7=(6x )(x

)

6x* +19x-7=(3x )(2x )

Find two Last terms whose product is —7.
The possible factors are 1(-7) and —1(7).

Try various combinations of these factors to find the factorization in which the sum of the Outside and Inside products is

19x.

Possible Factors of
6x% +19x—7

Sum of Outside and Inside
Products (Should Equal 19x)

(6x+1)(x—7)

—42x+x=—4lx

(6x=T)(x+1)

6x—Tx=—x

(6x—1)(x+7) 2x—-x=41x
(6x+7)(x—-1) —6x+T7x=x
Bx+D)(2x-7) —21x+2x=-19x
Bx-7)(2x+1) 3x—-14x=-11x
Bx-D(2x+7) 21x-2x=19x
Bx+7)(2x-1) —3x+14x=11x

Thus, 6x% +19x—7 = Bx-1D2x+7) or 2x+7)(3x-1).

Copyright © 2018 Pearson Education, Inc.

33



Chapter P Prerequisites: Fundamental Concepts of Algebra

10.

11.

34

Find two First terms whose product is 3x2.
3x? —13xy+4y2 =0Gx )x )

Find two Last terms whose product is 4 y2 .
The possible factors are (2y)(2y), (2y)(-2y), (4y)(v), and (—4y)(—y) .

Try various combinations of these factors to find the factorization in which the sum of the Outside and Inside products is
—13xy.

3x? —13xy+y2 =Bx—y)(x—4y)or (x—4y)3x—y).

Express each term as the square of some monomial. Then use the formula for factoring A*-B>.
a. x°-81=x>-97=(x+9)(x-9)

b.  36x2—25=(6x)> —5% = (6x+5)(6x—>5)

Express 81x* —16 as the difference of two squares and use the formula for factoring A*-B>.
81x* —16 = (9x%)? —4% = (9x? +4)(9x° - 4)

The factor 9x” —4 is the difference of two squares and can be factored. Express 9x? —4 as the difference of two squares
and again use the formula for factoring A*-B>.

(Ox% +4)(9x% —4) = (9x2 + 4)[(3x)2 - 22J =(9x +4)3x+2)3x—2)

Thus, factored completely,
81x* =16 = (9x% +4)3x +2)(3x - 2).

a. x> +14x+49=x2+2.x-7+7% =(x+7)*

b. Since 16x° = (4x)2 and 49 = 72, check to see if the middle term can be expressed as twice the product of 4x and

7. Since 2-4x-7 =56x, 16x> —56x+49 is a perfect square trinomial. Thus, 16x> —56x+49 = (4x)> —2-4x-7+7°
=(4x-7)*

a. x3+1=x3+13
=(x+1)(x? —x-1+1%)
=(x+D)(x* —x+1)

b. 125x° —-8=(5x)° -2°
= (5x —2)[(5x)2 +(5x)(2) + 22]
=(5x—2)(25x> +10x +4)

Factor out the greatest common factor.
3x7 =304% +75x = 3x(x* ~10x+25|
Factor the perfect square trinomial.
3x(+ ~10x+25) = 3x(x=5)?
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12. Reorder to write as a difference of squares.
x? —=36a” +20x+100
= x? +20x +100—364>
= (x* +20x+100) - 364>
= (x+10)* —364°
=(x+10+6a)(x+10—6a)

13, x(x-1)
~(x-1) [x—i—(x—l)Z ( 2)}
= (x=1)72 [x+(x-1)]
= (x=1)72 (2x-1)
_2x-1
(e
Concept and Vocabulary Check P.5
1. d
2. ¢
3. b
4. ¢
5. ¢
6. a
7. f
1
8. (x+1)2

Exercise Set P.5

1. 18x+27=9-2x+9-3=9(2x+3)

2. 16x—24=8(2x)+8(-3) =8(2x - 3)
3. 3x2+6x=3x-x+3x-2=3x(x+2)
4. 4x? —8x =4x(x) + 4x(-2) = 4x(x — 2)
5. ox*—18x3 +27x?

=9x% (x%) +9x% (—2x) +9x> (3)
=9x% (x> —2x+3)

a

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Section P.5 Factoring Polynomials

6x* —18x +12x2
= 63> (x?) +6x% (=3x) +6x>(2)
= 6x2 ()c2 —3x+2)

X(x+5)+3x+5)=x+5x+3)

x2x+ 1) +42x+ 1) =Q2x+ 1)(x+4)
X2 (x=3)+12(x=3) = (x=3)(x* +12)

3% (24 5)+17(2x+5) = (2x+5)(x* +17)

X =2x2 +5x-10= x> (x=2)+5(x - 2)
=(x2+5)(x-2)

2 =3x? +dx—12=x% (x—3)+4(x-3)
=(x—3)(x2 +4)

X -x?+2x-2=x>(x—1)+2(x—1)
=(x—1(x>+2)

¥ +6x2 —2x—12=x2 (x+6)—2(x+6)
=(x+6)(x2 —2)

33 —2x2 —6x+4=x*Bx-2)-2(3x-2)
=(Bx-2)(x*-2)

x3—x2—5x+5=x2(x—1)—5(x—1)

= (x=1)(x*-5)

X% +5x+6=(x+2)(x+3)

X2 +8x+15=(x+3)(x+5)
X2 —2x—15=(x—5)(x +3)
X2 —4x—5=(x=5)(x+1)

X% —8x+15=(x—5)(x-3)
X% —14x+45=(x=5)(x—9)
3x2 —x—2=0Cx+2)x-1)

237 +5x=3=2x—1)(x+3)
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25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

36

3x? —25x—28=(3x—28)(x + 1)

3x2 —2x-5=(3x=5)(x+1)

6x> —11x+4=2x—1)3x—4)

6x% —17x+12 = (2x—3)(3x—4)

4x? +16x+15=(2x+3)(2x +5)

8x2 +33x+4 = (Bx+1)(x+4)

9x% —9x+2=(Bx-1)(3x—2)

9x? +5x—4=(9x—4)(x+1)

20x2 +27x—8 = (5x+8)(4x—1)

15x2 —=19x+ 6 = 3x—2)(5x—3)

2x? +3xy+ y2 =2x+y)(x+y)

352 +4xy+y2 =CBx+y)(x+y)

6x% —5xy— 637 = (3x+2y)(2x—-3Y)
6x° —7xy—5y2 =Bx-5y)2x+y)

X% =100 = x> —10% = (x +10)(x - 10)
x? =144 = x> —12%2 = (x +12)(x—12)
36x% —49 = (6x)% =77 = (6x+7)(6x—T)
64x% —81=(8x)> =92 = (8x +9)(8x —9)

9x% —25y% = (3x)% = (5y)?
=Bx+5y)(3x-5y)

36x% —49)° = (6x)> —(7y)*
=(6x+7y)(6x—Ty)

xt-16=(x?)? - 42
= (X2 +4)(x?-4)
= (X2 +4)(x+2)(x-2)

46.

47.

48.

49.

50.

51.

52.

53.

54.

5S.

56.

57.

58.

59.

60.

1= -1 = (2 4D =)
= (x> +D)(x+1)(x=1)

16x* —81=(4x%)? —9?
= (4x% +9)(4x> -9)
= (4x% +9)[(2x)* —3%]
= (4x% +9)(2x +3)(2x —3)

81x* —1=(9x%)> -1
= (9x2 +1)(9x° —1)
=(9x? +D[(3x)% -1%]
=(9x% +)Bx+1)(Bx—1)

X H2x+1=x2 +2-x141% = (x+1)?
X +ax+4=x>+2-x2+2% =(x+2)°

¥ —14x+49=x>-2-x-7+7>
= (x~7)?

x?—10x+25=x>-2-x-5+57 =(x—5)2

4x? +4x+1=(2x)% +2-2x-1+1?
=(2x+1)%

25x% +10x+1=(5x)% +2-5x- 1412 = (5x +1)?

9x% —6x+1=(3x)% —2-3x-1+1%
=(3x-1)°

64x% —16x+1=(8x)> —2-8x-1+1% = (8x—1)*

¥ 4+27=x>+3
=(x+3)(x* —x-3+3?%)
=(x+3)(x> =3x+9)

S +6a=x3+4°
=(x+4)(x* —x-4+4%)
= (x+4)(x* —4x+16)

X —64=x>-43
=(x—4)(x? +x-4+4%)
= (x—4)(x* +4x+16)

¥ —27=x-3
=(x-3)(x* +x-3+3%)
=(x-3)(x> +3x+9)
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61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

8x* —1=(x)’ -1°
=2x-D[2x)* +(2x)1) +1%]
=(2x—1)(4x% +2x+1)

27x° —-1=(3x)° =13
= Bx-D[(3x)* + Bx)(1)+1°]
=(Bx-1)9x% +3x+1)

64x> +27 = (4x)> +3°
= (4x+3)[(4x)% — (4x)(3)+3°]
= (4x+3)(16x> —12x+9)

8x> +125=(2x)° +5°
= 2x+5)[(2x)> = (2x)(5)+5%]
= (2x+5)(4x> —10x+25)

3x3 —3x =3x(x? =1) =3x(x+1)(x 1)
5% —45x = 5x(x> —9) = 5x(x +3)(x —3)

4x? —4x-24=4(x* —x-6)
=4(x+2)(x-23)

6x> —18x — 60 = 6(x> —3x—10)
=6(x+2)(x—5)

2x* —162 =2(x* —81)
=2[(x*)* -9]
=2(x? +9)(x* -9)
=2(x? +9)(x? —3%)
=2(x? +9)(x +3)(x—3)

7xt—7=7(:x* -1
ORI
=7(x? + (x> -1)
=7(x* +D)(x+1)(x=1)

X 42x% —9x—18= (x> +2x%)— (9x+18)
=x2(x+2)—9(x+2)
=(x?=9)(x+2)
=(x? =3%)(x+2)
=(x-3)(x+3)(x+2)
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72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

8s.

86.

87.

38

x> 43x2 =25x =75 = (x> +3x%)—(25x+75)
=x?(x+3)=25(x+3)

(x> =25)(x+3)

=(x? =5%)(x+3)

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

2x% —2x—112=2(x> = x—56) = 2(x - 8)(x +7)

6x% —6x—12=6(x> —x—2)
=6(x—2)(x+1)

x> —dx=x(x* —4)
= x(x2 - 22)
=x(x-2)(x+2)

9x> —9x = 9x(x> —1) = 9x(x —1)(x +1)
x* +64 is prime.

2 . .
x“ 436 is prime.

X +2x2 —4x -8 = (x> +2x%) + (—4x—8)

=x2(x+2)—4(x+2) = (x> = A)(x+2) = (X =2)(x+2) = (x = 2)(x + 2)(x +2) = (x = 2)(x +2)*

X423t —x-2
=P +2x) +(—x-2) = X2 (x+2)—1(x+2) = (x> = D)(x+2) = (x> =1>)(x +2) = (x = D(x+1)(x+2)

5
v~ =8ly
=y =81 = y[(1*)* 9% 1= y(¥* +9)(* ~9) = y(»* +9(¥* =3%) = y(? +9)(y +3) (¥ —3)

5
y-—léy
= y(r* =16) = y[(y*)* =47 1= y()* + D -4 =y + 4 =22 =y + Ny +2)(y-2)

20y* —45y% =52 (4y? —9) =57 [(2)* —321=5y7 2y +3)(2y -3)
48y* —3y% =3y (1657 —1) =3y%[(4y)? 1 ]=3p* (4y + D)4y -1)
X2 —12x+36-49)> =(x2 —12x+36)—49y2 = (x—6)" —49y% = (x—6+7y)(x—6-7y)

2

x2 —10x+25-36y = (x> —10x+25) - 36y = (x=5)> =36y = (x=5+6y)(x—=5-6)

9h2x—16y—16x+9b%y
= (96%x+957y )+ (~16x=16y) = 967 (x+ y) =16 (x+ y) = (x+ ) 97 =16 = (x+ ) (3b+4) (36 —4)
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88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

Section P.5 Factoring Polynomials

16a2x—25y—25x+16a2y
= (16a2x+16a2y)+(—25y—25x) =164° (x+y)-25(x+y)= (x+y)(16a2 —25) =(x+y)(4a+5)(4a-5)

x2y—16y+32-2x°

=(x2y—16y)+(—2x2 +32)=y(x2 —16)—2(x2 —16):(x2 —l6)(y—2)=(x+4)(x—4)(y—2)

12x%y =27y —4x> +9
= (1222 y =27y )+ (~4x? +9) = 3p(4x? —9) ~1(4x? 9] = (427 =9) (3y—1) = (2x+3) (2 =3) (3y-1)

233 —8a’x +24x% +72x

= 2x(x ~da® +120+36) = 24 +l2x+36)—4a2} - 2;{(x+6)2 —4a2} = 2x(x+6-2a)(x+6+2a)

2x> —98a°%x +28x% +98x

= 2x(x? =494’ +14x+49) = 2x _(xz +14x+49)—49a2} = 2x[(x+7)2 —49a2] = 2x(x+7-7a)(x+7+7a)

2 1 2 1 [ 2] 2
T 7173 —= 4(1+2x
4x 3+8x3 =4x 3| 1+2x \ 3 |=dx 3(1+2x)= ( - )
x§
313 l_(_é] 3 Srs2
12x 4 +6x4 =6x 4| 2+x* \ 4 |=6x 4(24x)= (x3 )
4

1 3 1 31 1 1 1
(x+3)2 —(x+3)2 =(x+3)2 {1—(x+3)2_2}:(x+3)2[1—(x+3)]:(x+3)2(—x—2) =—(x+3)2(x+2)

(x2 +4); +(x2 +4); - (x2 +4); [1+(x2 +4)Z_§] - (x2 +4)§ {1+(x2 +4)2} - (x2 +4); (x4 +8x2 +17)

x+4
3

(x+5)2

_1 _3 _3 _1_(_3) 3 _3
(x+5) 2 —(x+5) 2 =(x+5) 2{(x+5) 2\ 2 —1}(“5) 2[(x+5)—1]=(x+5) 2 (x+4)=
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5
™ (x2+3)‘§+(x2+3)‘§:(x2+3)‘§{(xz+3)‘3-(—J+1]=(x2+3)‘;[(x2+3)+1 Lt
(x? +3)A

L 3
101. (4x-1)2 —§(4x—1)2

1 4 1

= (4x—1)2 {1-%(4)5—1)3‘;} _(4v-1)2 [1-%(4%1)}:(4;6—1); [1—§x+ﬂ
1
—4(4x—1)2 (x—1)

2
102, —8(4x+3) 2 +10(Sx+1)(dx+3)7" =2(4x+3) 2 [+ 5(5x+1) (4x+3)] = 212X +95§+“)
(4x+3)

103. 107 (x+1) =7 (x+1) =6 (x+1) = (x+1)(10x> = Tx=6) = (x+1)(5x— 6) (2x+1)

104, 1227 (x—1)—dx(x=1)=5(x—1) = (x=1)(12x> ~4x=5) = (x=1)(6x-5) (2x+1)

105. 6x* +35x° 6=« +6)(6x” -1]

106. 7x* +34x” =5 = (72 ~1)(x* +5)

107. y7+y:y(y6+1):y{(y2)3+13}:y(y2+1)(y4_y2+1)

108. (y+1)3+1=(y+1)3+13=[(y+1)+1][(y+1)2—(y+1)+1J=(y+2)[(y2+2y+1)—y—1+1]
=(y+2)(y2+2y+1—y—1+1)=(y+2)(y2+y+1)

109. x4—5x2y2+4y4=(x2—4y2)(x2—y2)=(x+2y)(x—2y)(x+y)(x—y)

110. x4—10x2y2+9y4=(x2—9y2)(x2—y2)=(x+3y)(x—3y)(x+y)(x—y)

111. (x—y)4 —4(x—y)2

=(x—y)2 ((x—y)2 —4) =(x—y)2 ((x—y)+2)((x—y)—2)=(x—y)2 (x—y+2)(x-y-2)
112. ()c+y)4 —100()c+y)2 =(x+y)2 (()c+y)2 —100)=(x+y)2 (x+y—10)(x+y+10)
113. 2x2 —7xy2 +3y4 =(2x—y2)(x—3y2)

114. 3% +502 +2)° :(3x+2y2)(x+y2)
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115.

116.

117.

118.

119.

120.

121.

122.

123.

130.

131.

132.

133.

134.

b.

V.

Vshaded =Voutside ~ Vlgtside

(x—0.4x)—0.4(x—0.4x) = (x—0.4x)(1-0.4) = (0.6x)(0.6) = 0.36x
No, the computer is selling at 36% of its original price.
(x=0.3x)—0.3(x—0.3x) = (x—0.3x)(1-0.3) = (0.7x)(0.7) = 0.49x
No, the computer is selling at 49% of its original price.

(3x)* —4-22 =9x? ~16

9x% —16=(3x+4)(3x—4)

(7x)* —4-3% =49x* —36

49x? =36 =(7x+6)(7x—6)

x(x+y)=y(x+y)

x(x+y)=y(x+y)=(x+y)(x-y)

x2 +xy+xy+y2 =x2 +2xy+y2

x? +2xy+y2 =(x+y)2

haded = Voutside ~Vinside

=a-a-4a-b-b-4a
=4a° — 4ab?
=4a(a2 —b?

=4a(a+b)(a-b)

=a-a-3a—b-b-3a
=3a> —3ab®
=3a(a2—b2)

=3a(a+b)(a-b)

—129. Answers will vary.
makes sense

makes sense

makes sense

false; Changes to make the statement true will vary. A sample change is:
—16 = (x* +4)(x* —4) = (x* +4)(x +2)(x~2)

Copyright © 2018 Pearson Education, Inc.
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does not make sense; Explanations will vary. Sample explanation: 4x% -100 = 4(x2 —25)=4(x+5)(x=5)

41
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135. true
136. false; Changes to make the statement true will vary. A sample change is: The binomial x> +36 is prime.

137. false; Changes to make the statement true will vary. A sample change is: x> —64 = (x—4)(x+4x+16)
138, 27" +6x" +8=(¥" +4)(x" +2)

139, —x? —4x+5=-1(x? +4x=5) ==1(x+5)(x~1) == (x+5)(x~1)

140. 4 -4 3 3

1 1 1 3

1 <x_5>—i—(—§J_(Hs);—[—ij}

141. (x=5) 2(x+5) 2 —(x+5)2(x=5) 2 =(x=5) 2(x+5) 2

142. x> +bx+15,b=16, — 16, 8 or -8
143. b=0, 3, 4, or —c(c + 4), where ¢ > 0 is an integer.

X2 46x+5  (x+5)(x+1)  x+1

144. = =
x*-25  (x+5)(x-5) x-5
145, 2.8 3542
415 4 53
_L2
13
_2
3
146. l+2=§+ﬂ
2 3 6 6
_7
6

42 Copyright © 2018 Pearson Education, Inc.



Mid-Chapter P Check Point

Mid-Chapter P Check Point

1.  (Bx+5)@x—=7)=C3x)(4x)+Bx)(=7)+(5)(4x)+(5)(=T)

=12x% = 21x+20x—35
=12x% —x-35

2. (Bx+5-(@4x-T)=3x+5-4x+7

=3x—4x+5+7
=—x+12

3. J6+9J6=10V6
4. 312-27=3-23-33=6/3-3/3=33

5. 7x+3[9—(2x—6)]=7x+3[9—2x+6]=7x+3[15—2x]=7x+45—6x=x+45

6.  (8x—3)% =(8x)% —2(8x)(3)+(3)* = 64x> —48x+9

9. (2x=5—(x*-3x+1)=2x-5-x>+3x—1=—x>+5x—6

10.  (2x—=5)(x* —3x+1)=2x(x> =3x+1)=5(x> =3x+1)
=2x(x? =3x+1)=5(x* =3x+1)
=2x° —6x% +2x—5x% +15x -5
=2x° —6x% —5x> +2x+15x—5
=2x° —11x* +17x -5

3 3.3

11. x3+x —-XxX X :2x3—x6

= —x6 + 2x3

12.  (9a—10b)(2a+b) = (9a)(2a) + (9a)(b) + (—10b)(2a) + (—10b)(b)
= (9a)(2a)+ (9a)(b) + (~10b)(2a) + (—10b)(b)
=18a® +9ab—20ab—10b>
=18a% —11ab—10b>

13. {a,c.d,e}U{c.d,f,h}={a,c,d,e, f,h}

14. {a,c.d.e}N{c.d, f,h}={c.d}

Copyright © 2018 Pearson Education, Inc. 43



Chapter P Prerequisites: Fundamental Concepts of Algebra

15. (3x2y3 —xy-i—4yz)—(—2x2y3 —3xy+5y2) =3x2y3 —xy+4y2 +2xzy3 +3xy—5y2
:3x2y3 —xy+4y2 +2x2y3 +3xy—5y2
=3x2y3 +2x2y3 —xy+3xy+4y2 —Sy2
=5x2)% +2xp— )7

213 15
6, 245y —_12x2_5y13_(_2)=—12x_3y15=—12L3

-2x° y_2 - X

3
17. (% x_5y4j(l Sx_Zy_l ) = 6)6_5_2)/4_1 = L

1
18. Ryt =x12 =x3 =3y
19. [4y—(Gx+2)|[4y+(Bx+2)] = (4y)* —(3x+2)> =16)” —(9x* +12x+4) =16)* —9x> —12x— 4

20. (x-2y—1)" =x(x—2y—1)-2y(x—2y—1)—(x—2y—-1)
=x2—2xy—x—2xy+4y2 +2y—x+2y+1
=)c2—4xy+4y2 —2x+4y+1

3 3
21, 2410 =ﬁ-£=12x10_3=(1.2><101)><10_3 =1.2><(101><10‘3)=1.2><10‘2

2x10° 2 10°

3
2. B2 _B2 e 3o
P

23. (P +2)(x*-2)=x0-4
24. (x> +2)? =(x*)? +2(x2)2)+(2)? =x* +4x* +4
25. 506 =5v2\/6 =5y2-6 =512 =5-23 =103

11 11 7+3 _ 77+13 _77+11W3

7- 7-B 7+B 49-3 46

11313
BB

28. 7x? —22x+3=(7x-1)(x-3)

26.

27.

29. x%—2x+4 is prime.
30. x°+5x243x+15=x>(x+5)+3(x+5)

=x2(x+5)+3(x+5)
=(x? +3)(x +5)
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31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Mid-Chapter P Check Point

3x2—4xy—7y2:(3x—7y)(x+y)

4 _ 3\ _ 2
64y—y —y(64—y )—y(4—y)(16+4y+y )
50x° +20x7 +2x = 2¢(253% +10x+1) = 2x(5x+1)°

22 —6x+9-49)% = (x-3)* ~49y% =[(x=3)+7¥][(x~3)~7y] = (x=3+7y)(x~3~T7)

3 L3 1-x)
x2-2x 24x2=x 2(1—2x+xz)=

3
x2
1 1

(x2+1)2—w(x2+1)‘§ :(xm)‘i [ +1)-10] =2 1] 2 12 o) D)

(xz -i—l)E
{—11, —%, 0, 0.45, JE}

Since 2—\/B<O then ‘Z—Jﬁ‘:\/ﬁ—Z

Since x <0 then |x| =—x. Thus x° |x| =—x’x=—x>

4.6-3.0x10° = 4.6x10° =13.8x10° =1.38x10’
The U.S. produces 1.38x10° pounds of garbage per day.

10 10
310 _ 3 10 _ 4 4x10-4

7.5x10° 7.5 10°
A human brain has 4 times as many neurons as a gorilla brain.

a. Model 1:
D=1188x+16,218
D =1188(1)+16,218
D =17,406

Model 2:
D =46x? +541x +17,650

D =46(1)> +541(1) +17,650
D =18,237

Model 1 best describes the data in 2001.
b. D =46x*+541x+17,650

D =46(13) +541(13) +17,650
D =32,457

Model 2 underestimates the average student-loan debt in 2013 by $593.
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Section P.6
Check Point Exercises

1. a. The denominator would equal zero if x =-5,
so —5 must be excluded from the domain.

b. x*-36=(x+6)(x—6)
The denominator would equal zero if x =-6 or

x =6, so —6 and 6 both must be excluded from
the domain.

¢ xX2-5x—-14=(x+2)(x-7)
The denominator would equal zero if x=-2 or

x =17, s0-2 and 7 both must be excluded from
the domain.

437 _ xz(x+3)

2. a =
x+3 x+3
_ xz(x+3)
x+3
=x?, x#-3
Because the denominator isx + 3, x #—3
b. x2—1 _(x—l)(x+1):x—1 1

22w+l @ED@+D x4l
Because the denominator is
(x+1)(x+1),x=-1

x+3 x*-x-6

x> —4 x> +6x+9
x+3 (x=3)(x+2)

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

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

T (x+2)(x—2) (x+3)(x+3)
X—

T (x=2)(x+3)

Because the denominator has factors of

x+2,x—2,and x+3, x#-2, x #2, and x # 3.

L XE2, x#2, x#-3

2

x2—2x+1;x +x-2

x> +x 3x% +3

CxP-2x+1 3x%43

CAx  xrx=2

_(x=Dx=1) 37 +1)

x(x2 +1)  (x+2)(x-1)

-1
= 3 ),x;él,x;éO,x;t—2

X _3x+2 _x-3x-2

x+1  x+1 x+1
—2x-2

T ox+1
—2(x+1)

x+1
=-2,x#-1

Factor each denominator completely.
x+1=1(x+1)

x=1=1(x-1)

List the factors of the first denominator.

I, x+1

Add any unlisted factors from the second
denominator.

1, x+1, x—1

The least common denominator is the product of all
factors in the final list.

1I(x+1)(x—=1) or (x+1)(x—1) is the least common

denominator.

Factor each denominator completely.

X% —6x+9= ()C—3)2

x> —9=(x+3)(x-3)

List the factors of the first denominator.
x=3,x-3

Add any unlisted factors from the second
denominator.

x=3,x-3,x+3

The least common denominator is the product of all
factors in the final list.

(x=3)(x=3)(x+3) or (x—3)*(x+3) is the least
common denominator.

Find the least common denominator.
x=3=1(x-3)
x+3=1(x+3)

The least common denominator is (x — 3)(x + 3).
Write all rational expressions in terms of the least
common denominator.
x x—1
x=3

x+3
_ x(x+3) N (x—-1D(x-3)
(x=3)(x+3) (x-=3)(x+3)
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Add numerators, putting this sum over the least
common denominator.
_x(x+3)+(x-1)(x-3)
(x=3)(x+3)
2 2

X +3x+(x —4x+3
C (x=3)(x+3)
_ X2 +3x+x% —4x+3

(x=3)(x+3)

_ 22 —x+3

(x=3)(x+3)’

x#3,x#-3

Find the least common denominator.

x% —10x+25=(x—5)°
2x—10=2(x—5)

The least common denominator is 2(x — 5)(x — 5).
Write all rational expressions in terms of the least

common denominator.

X x—4
x? —10x+25 2x 10
x—4
(x 5)(x 5) 2(x 5)
(x—4)(x-5)

2(x 5)(x 5) 2(x S)(x-5)

Add numerators, putting this sum over the least
common denominator.

_2x—(x—-4)(x-5)
C 2(x=5)(x—5)
 2x—(x? —5x—4x+20)
C 2(x=5)(x=5)
_2x—x2+5x+4x—20
O 2(x=5)(x-5)
_2x—x2+5x+4x—20
T 2(x=5)(x=5)
_—x? +11x-20
C2(x=5)(x-5)
_—x? +11x-20
2(x—5)°

xX#5

Section P.6 Rational Expressions

10.

==
\S3[o8)
|

)

=

)

=~

==
Al
N

=

~

=

X
2—3x;4+3x

2x 4x
2-3x ‘ 4x

2x
2-3x
4+ 3x
2-3x

3675 4
:g’ x;t()’ x;ﬁ__
4+3x 3

— oo | &

11. Multiply each of the three terms,
x+7 x

the least common denominator of x(x+ 7).

1 1 x(x+7)(1)—x(x+7)(1)
x+7 x _ x+7 X

7 Tx(x+7)
_x—=(x+7)
Tx(x+7)
1
Tx(x+7)
=—;,x¢0,x¢—7
x(x+7)
5 +;)
2 J;W;:( I A
X X
x+1 x+1

Jx+3-+x

3
_Vx+3- \/_\/x+3+\/_
3 Jx+3 x
(Vx+3) -y
" 3(Vaeaan)

x+3—x

:S(x/er«/;)
1
T

13.
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Chapter P Prerequisites: Fundamental Concepts of Algebra

Concept and Vocabulary Check P.6 . 3x-9 3(x-3)
1. polynomials x?—6x+9  (¥-3)(x-3)
3
2. domain; 0 = _3,x¢3
3. factoring; common factors 8 4x-8  _ 4(x-2) __4 x#2
. 2 - - b
X —4x+4 (x—2)(x—2) x—2
. 2
15 o, X 12v436_(x-6)(x=6) _x-6
; ) 4x—24 4(x—6) 4
5. g x¢6
2
-8x+16 (x—4)(x—4) x-4
2_ 10. 2 = =177y #4
6. xTM 3v-12 3(x—4) 3
2
7. x+3and x-2; x+3 and x+1; 1. 2 +7y—18=(y+9)(y—2)=y+9
(x+3)(x—2)(x+1) v =3y+2  (y=2)(»y-1) »-1
y#1,2
8. 3x+4
2
—4y-5 y=5)(y+1 -5
9. complex; complex 12. y2 . :( ) ):y 74, -1
V2 45p+4 (y+4)(y+1) y+4
1
10. x; x+3; —3; ———
BT T TR " X 412x436  (x+6)° x+6
) Y2 -36 (x+6)(x—6) x—6
1. Jx x#6,-6
1 X 14x+49  (x-7)°
12. Jx+7++/x T 249 (x=D(x+7)
_x=7
. x+7’
Exercise Set P.6 x#7,-7
1 L,x¢3 15 x—2'2x+6= x=2 '2(x+3)
x=3 © 3x49 2v—4 3(x43) 2(x—2)
13 —g—l x#2,-3
,x#=9 6 37 7
x+9 6, 6xt9 x=5 _3Q2x+3) x5
T 3x—15 4x+6  3(x=5) 2(2x+3)
3 ;c+5 _ x+5 x£5.-5 3
x°=25 (x+5)(x-5) %
1
4. ;”7 R o A 2
x” =49 (x+7)(x-7)
x#5,—
5. — = Xl a0
x“+1lx+10 (x+1)(x+10)
6. x—3 x—3 #-9,5

2 = X
x“+4x—-45 (x+9)(x-5)
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Section P.6 Rational Expressions

1. x2—9_ 2 3y 24. x+5+4x+20:x+5+4(x+5)
2 2 7 9 7 9
X x“+x—12
_ =3+ Tx(x-3) _x+5 9
3x2 ; (x+4)(x=3) 97 4(x+5)
_EEIOHD o 43 =38’
x(x+4)
xX#+-5
2
— -4 .2x‘4:(x+2)(x;2).2(x‘2) 25, =4 xt2_ (x-2)(x+2) x-2
x*—4x+4 x+2 (x=2) x+2 x x—2 X x+2
= N 3 2
x£2,2 Gt Y
X
2 2
19. X 5x+6.x 1

X2 —2x-3 x> -4
—3)(x—2)' (x+1)(x-1)
—3)(x+l) (x—2)(x+2)

-1

_(x
-0

X
=X x#2,-1,2,3
PR

> +5x+6 x*-9
20- 2 : 2
xX“+x—-6 x“—x—-6

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

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

P-4 x+2  (=2)(x+2) | x+2

26.
x—2 4x-8 x—2 4(x-2)
_(x=2)(x+2) 4(x-2)
x=2 x+2
= 4(x"2),
xX#2,-2

27 42 410 6x2 +15
x=3 x2-9
2252 +5)  3(2x7 +5)
T x=3 (x=3)(x+3)
_2(2x° +5) (x=3)(x+3)

>

x#-3,-2,2,3 x=3  302x%+5)
2(x+3)
3 = ,x#3,-3
" 3.8 x40 _(x—Z)(x +2x+4) 42
. 2 : - :
-4 3x x=2)(x+2 3x
X ) ( )( ) 28. x2+x; x2_1
_x +2x+4’x¢7270’2 -4 %2 +5x+6
3x _ x(x+D)  (x=Dx+1D)
5 (x=2)(x+2) (x+2)(x+3)
9. X +6x+9 1 _ x(x+1)  (x+2)(x+3)
X427 x+3 (x=2)(x+2) (x=1)(x+1)
(x+3)(x+3) 1 1 - Hxtd)
(x+3)(x2—3x+9) x+3 32 -3x+9’ (r=2)x=1)
x#2,1,-1,-2,-3
x#-3
29 2-25 X2 +10x+25
23, x;1+3x+3=x;1+3(“1) 20-2 32 4dx-5
L _(G=5)+5) | (r+5)
= ’ 2(x=1) (x+5)(x-1)
3 3()1”1) _@=5)a+5) (x+5)a-1)
=5 2x-1) (x+5)?
:x_s,x;tl,fS
2
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30 P-4 Psc+6

243x-10 x> +8x
(x+2)(x 2) (x+2)(x+3)

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

(x+5(x-2) (x+2)(x+3)
1

x#2,-2,-3,-5

31 x2+x—12.x2+5x+6; x+3

x2+x 30 x2—2x—3 ' x2+7x+6

x+4)(x-3) (x+2)(x+3).(x+6)(x+l)

_(
Ex+6)( 5) (x+1)(x-3) x+3

x+4)(x+2)

x-=5
x#-6,-3,-1,3,5

32. X -25x 2xP-2  x+5x
4y 2 —6x+5 Tx+7
x(x=5)(x+5) 2(x—1)(x+1) 7(x+1)
B 452 (x=1)(x=5) x(x+5)
C7(x+1)
2x?
x#0,1,-1,5,-5

33 4x+1 8x+9 4x+1+8x+9
. 4 _

6x+5 6x+5  6x+5
2x+10

6x+5
_2(6x+5)
6x+5

34. 3x+2+3x+6 _3x+2+3x+6

3x+4 3x+4  3x+4
6x+8

C 3x+4
_2(3x+4)
3x+4

35 x2—2x+ x2+x _x2—2x+x2+x

¥ +3x X% +3x X% +3x
_2x7—x

X% +3x
_x(2x-1)

x(x+3)

T et
X+

S

36.

37.

38.

39.

X2—4x  Ax—4 X —4x+4x—4

+ =
¥ —x-6 x*-x-6 x> —x-6
_ x> -4
(x=3)(x+2)
_(x=2)(x+2)
(x-3)(x+2)
x—=2
x=3’

x#-2,3

4x—-10 x-4 4x-10—(x-4)

x=2 x=2 x=2
_4x—-10—-x+4

-2

X
_3x-6
x—2
_3(x-2)

x=2
=3,x#2

2x+3  3-x _2x+3-(3-x)

3x-6 3x-6 _ 3x—6
_ 2x+3-3+x
3x—6
. 3x
3(x-2)
X
x=2’
x#2
x% +3x ¥ —12

2

x“+x-12 x2

+x-12

X 43-(x*-12)

x2+x—12

_ x2+3x—x2+12

¥ +x-12

3x+12
2

- x“+x—-12

3(x+4)

T+ 4)(x-3)

,x#3,—4
Y—
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2

40, X°—dx Y—6 45, X x+2  2x(x-2)+(x+2)(x+2)

xzz—x—6—x2—x—6 x+2 x-2 (x+2)(x—2)
_x —4x—(x-06) _2x2—4x+x2+4x+4
2 =
, X —x=6 (x+2)(x-2)
_X —4x—x+6 NE
2 —x—6 =L,x¢72,2
_x2—5x+6 (x+2)(x-2)
_x2—x—6
_(x=2)(x=3) 46 3x _x+4_3x(x+2)—(x+4)(x—3)
(x=3)(x+2) T ox=3 x+2 (x=3)(x+2)
=2 x#-2,3 3x2+6x—(x2+x—12)
x+2 —
(x=3)(x+2)
2
3,6 3xr9)ee(red) 22452
" Xx+4 x+5 (x+4)(x+5) (r=3)(x+2)
x#3,-2
_ 3x+15+6x+24
e+ 8)(v+9) o o
9x+39 s it
S CAR T
Gra)es) 7 (x+5)(x+5)+ (x=5)(x=5)
(x=5)(x+5)
s. 8 2 _8(x=3)+2(x-2) 22 +10x425+x% —10x+25
x-2 x-3 (x=2)(x-3) (x=5)(x+5)
 8x—2442x—4 ,
(x—2)(x—3) ZM,xi—S,S
_ 10x-28 (x=5)(x+5)
(=203
x#2,3 48 x+3+x—3_(x+3)(x+3)+(x—3)(x—3)
" x=3 x+3 (x=3)(x+3)
43. 3 _§:3x—3(x+1) :x2+6x+9+x2—6x+9
x+1 x x(x+l) (x—3)(x+3)
— — 2
:3x 3x 3:_ 3 x#-1,0 _ 2x°+18 ,
x(x+1) x(x+1) (x—3)(x+3)
x#-3,3
4 3 4(x+3)-3x
44, 4_ 3 _A(x+3) \ , . ,
x x+3 x(x+3) 49, + = +
Ax+12-3x 2x+4 3x+6 2(x9+2) 3(x£i|-2)
Aremo _ N
S 6(x+2) 6(r+2)
= _ 9+4
x(x+3) 60 12)
X#-3,0 13
T 6(x+2)
X#-2
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5 7 5 7
50. + = +
2x+8 3x+12 2(x+4) 3(x+4)
15 N 14
6(x+4) 6(x+4)
_15+14
6(x+4)
29
6(x+4)
x#+-4
51. 4 + 4 = 4 + 4
X2 +6x+9 x+3 (x+3)2 x+3
_A+4(x+3)  4+4x+12 4x+16
(x+37  (x437  (x+3)7
xX#-3
52 3 + 5 3 + Sx
To5x+2 25x%2 -4 S5x+2 (5x-2)(5x+2)
_ 3(5x-2)+5x
(5x-2)(5x+2)
15x—-6+5x
(5x-2)(5x+2)
_ 20x-6
(5x=2)(5x+2)’
22
x#E-=,=
55
53, . 3x a 22x
x“+3x-10 x“+x-6
3x 2x

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

3x% +9x—2x% —10x

- (x+5)(x=2)(x+3)
x2_.x
TG )2)(ea) T

54.

5S.

X _ X
¥2—2x-24 x*—Tx+6
X X

(x—6)(x+4) (x—6)(x—1)
_ x(x—=1)—x(x+4)

(x—6)(x+4)(x-1)

X" —x—x"—4x
(x—6)(x+4)(x-1)
S5x

(x=6)(x—1)(x+4)’

x#6,1,-4

x+3 x+2
x2_1_x—1

_ x+3 x+2

T (D=1 x-1

_ x+3 (x+1)(x+2)
T (xHDx=1)  (x+D(x-1)
_ x+3 _x2+3x+2
S (x+D(x=1)  (x+D)(x-1)
_x+3—x2—3x—2

(x+1D(x-1)

_—x?-2x+1

C(x+D)(x-1)
x#1,-1

x+5 x+1

x? —4_?C—2

_ x+5 x+1

T (x+2)(x-2) x-2

_ x+5 (x+2)(x+1)
T (x+2)(x-2) (x+2)(x-2)

x+5 x2+3x+2

T (x+2)(x=2) (x+2)(x-2)
_ x+5-x*—-3x-2
 (x+2)(x-2)

_ —x? —2x+3

T (x+2)(x-2)

xX#2,-2

52 Copyright © 2018 Pearson Education, Inc.
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24x- 1 1
57. 4)2“ txo6_ 3 S . 8+;_X[8+x} 8x+1 1
X +3x+2 x+1 x+2 i 1 x#0,
4-1 x[4_7} 4x-1 4
_ 437 +x-6 +—3x+ 5 X X
(x+1)(x+2) x+1 x+2
45 Be(ae2)  S(x+) 1,1 xy|:1 1}
T () (x+2) (x+1)(x+2) (x+1)(x+2) 63. 2 Y yJ__yrx 1
_4x2+x—6—3x2—6x+5x+5 x+y xy[x+y] xy(x+y) e
(x+1)(x+2) x#0,y#0,x#-y
x“ =1
S S S 1 1
(x+1)(x+2) 64, | xzx[l xLx-l 0y40
(x-1)(x+1) xy x(w) K2y
x+1)(x+2)
x-S X __x :|
_x+2,x¢ 2,—1 6. x—x+3 :(x+3)[x 43 _ x(x+3)_x
x+2 (x+3)(x+2) (x+3)(x+2)
g O H17x-40 3 5 _ X 43x-x 42y
x> +x-20 x—4 x+5 (x+3)(x+2) (x+3)(x+2)
_6x2+17x—40+ 3 5x x(x+2) .
= - = = -2,-3
(x+5)(x=4) x=4 ¥+5 G3)(x+2) x43 T
_6x +17x-40+3(x+5) - 5x(x—4)
(x+5)(x—4) o, 33 (=)l-3]  (x=2)(x-3)
_6x% +17x—40+3x+15-5x% +20x C 3 ] x(x-2)-3
(x+35)(x—4) x—2 (x=2)a——mo
2 _ 2)(x-3
A5 _(x- )( )
(x+5)(x—4) x?—2x-3
_ b= 2)(s- 3)_x72 o5
S (x=3) (x4l x4l
I E
59- = = =—, 3
w3 3[—3] 3(-3) 37 3 _ 4 3 _ 4
67 xX—=2 x+2_ x—=2 x+2
N ' 7 7
o i ] y 2.4 (x-2)(x+2)
. = = = — x
"4 M(x—4) 4(x-4) 4 3_4]_
x (x=4)  4(x-4) ) |25 -2 +2)
1 1 T (x=2)(x+2
61 1erzx[H"Lx“ x# 0,0 {(x—Z)(HZ)}(X )(x+2)
3-1 x3—l] 3x-1 3 3(x+2)-4(x-2)
X X =
7
_3x+6-4x+8 —x+14
7 7
x—14
=- 2,2
7 7
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X 41 X 41
X

2, <x—2>(x+z>“

S+ |(x=2)(x+2)

{ HZ +1|(x=2)(x+2)

x+2 -2)(x+2)
3+(x 2)(x+2)
_ X +2x+x%—4 _ 232 +2x—4

3+x2-4  x2-1

_ 2(x2 +x-2)

C (x=D(x+])
_2(x+2)(x—1) _ 2(x+2)
(x—D(x+1) x+1

x#£1-1, 2, -2

x+1 x+1
1 1 1 1
+ +
¥ -2x-3 x-3 (x+D(x-3) x-3
(x+D(x-3)
_ x+1
(x+D(x-3) + (x+D)(x-3)
(x+1)(x-3) x=3
x=3

1+x+1
Y—

69.

x#-2,-13

T x+2

6 1 6 1
20, Xo42x—15 x=3 (x+5)(x=-3) x-3
’ 1 1
+1 ——+1
x+5 x+5
6(x+5)(x=3)  (x+5)(x-3)

_ (x+5)(x=3) x—3
GHNE=3) 4 (4 5)x-3)
x+5
6—(x+5)

T =3+ (x+5)(x-3)
—-x-5

x=3+x%+2x—15
1—x

x2+ﬁx—18
- Yy %653
(x+6)(x—3)
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11 XP@+h)? P+’

- (x+h)? x*  (x+h)? x?

h hx? (x+ h)?
X2 —(x+h)?
hx? (x+ h)?
X2 — (x> +2hx+ 1)

hx? (x+ h)?
x% —x? —2hx — h?
hx? (x+ h)?

—2hx—h?

hx? (x+ h)?
_ —h(Q2x+h)

- h3c2(x+h)2
_ @2x+h)

(x4 h)

x+h  x (x+M)(x+h+D)(x+1])  x(x+h+1)(x+]1)

7y, Xth+l x+1_ x+h+1 x+1

h h(x+h+1)(x+1)
C(x+h)(x+D)—x(x+h+1)
C h(x+h+D(x+1)
_ Xt x+hx+h—x* —hx—x
- h();l+h+1)(x+l)

T h(x+h1)(x+1)
1

T+ A+ (x+D)

o (&

. 3Wr _ —ﬁ)@«/})

Jx Vx(3Vx)
_3x-1
B 3x

=1-—,x>0
3x

Jx

R

Jx Jx(4x)
_4x-1
 4x

=1-—,x>0
4x
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X —\/x2 +2
75, N2

1 1 1 1
e el e ki
' h hx+hx
N L

C hx(x+h)

ol e

3Jx+3/x
Nx—x+3
ENCNEES

w
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79.

80.

81.

82.

83.

84.

Ny

Section P.6 Rational Expressions

5

5 Jeas+x
_ (x5 - (x)?

C 5(xt5 )

x+5—x

T 5(Jxts 44
1
x5 +x

NN s BN N e
7

7 xr7+x
_ ) -(x)?

 IWx+T )
x+7—x

1

\/_+\/— \/_+\/—\/_\/_

x—y x2 Z\Ff
_ (J‘)—{«h>
(x+ »)(x = »)x =»)

Xy

:<x+yx§—ny§—J§>
T et x =)

Vx— J_ J_ vr Nty
X2 —y x2 X+\/7
_ <J‘)—«J”>
(2 =y Nx +4y)
x—y

=<x+yxﬁ—ny§+J§)
= X%
Gt na i

243 aar=s) 2 [(2F) @+ (T | 2 w45 2
x+1 22 4x-3] x+2 x+1 MM x+2  x+1 x+2

:(x+5)(x+2)_ 2(x+1) :(x+5)(x+2)—2(x+1) X2 42x+5x+10-2x-2  x?+5x+8
(x+1)(x+2) (x+l)(x+2) (x+1)(x+2) (x+1)(x+2) (x+1)(x+2)

1 ( 1 jz 1 { (x+2) (x-4) ]
2 o2x—8 \x—4 x+2 (x—4)(x+2)‘ (x—4)(x+2) (x—4)(x+2)
_ 1 { Xx+2-x+4 ) 1 . 6 ~ 1 (x=4)(x+2)
(x—4)(x+2) | (

1
x—4)(x+2) ) (x=4)(x+2) ((x=4)(x+2)) (x—4)(x+2) 6 6
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. (2_ 6 [2 (x+1) J[(x—z)Jr 3 J
S ) G\ =2) -2) ot
) (g e
86. (4_)(-?-2 (4;:22 x+2)[(i_i)+x5—1)
( xx++82 3](31?5):tx:;'fcj:((ét;:;))((:l‘;)

87. 5 =

LCD=y(y+5)

1 1 1 1

TS

y y+5_ y y+5 =y+5—y_ 5 _ 1
5 y(y+3)(5) 5y(y+35) Sy(y+3) y(y+5)

1_ T
yi-(r+2) Y 12
88. ) = )

LCD zy(y+2)

1 1 1

L

y o y+2 y y+t2) y+2-y 2 1
2 y(r+2)2)  2(y+2) 2p(y+2) y(y+2)

89. [ 1 'ac+ad—bc—de_ c=d  _ 1 'a(c+d)—b(c+d) _c—d
@ b 1 a* +ab+b? (a—b)(a2+ab+b2) 1 a* +ab+b*
~ 1 (e+d)(e-B) | cca cx+d  c-d

M(a2+ab+b2) 1 a* +ab+b>  a®+ab+b*> a* +bd+b*
c+d c+d 2d

a -i—ab-i—b2 a* +ab+b?

90 ab | ae= ad —bc+bd 413—b3 ab N 61(6’—62')—b(6’—d)'a3+b3
" @ +ab+b* | ac—ad+bc- bd a +b3 a* +ab+b* a(c—d)+b(c—d) a-b
2 2
_ ab MM M(“ —ab+b ) ab +az—ab-i-b2
Prabibt MM M(g2+ab+b2) a® +ab+b> a®+ab+b?

_ab+a2—ab+b2_ a* +b?

a* +ab+b? a* +ab+b*
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130x
100 - x
130-40 _ 130-40
" 100-40 60
when x =40
130-80 _ 130-80
"100-80 20
when x = 80
130-90 _ 130-90
"100-90 10

when x =90
It costs $86,670,000 to inoculate 40% of the population against this strain of flu, and $520,000,000 to inoculate

80% of the population, and $1,170,000,000 to inoculate 90% of the population.

91. is equal to

=86.67,

=520,

=1170,

b. For x =100, the function is not defined.

c.  Asxapproaches 100, the value of the function increases rapidly. So it costs an astronomical amount of money to
inoculate almost all of the people, and it is impossible to inoculate 100% of the population.

2. d d
+

2nnd  2nn
d(r+n) rn+n
If 5 =40 and », =30, the value of
this expression will be

2-40-30 _ 2400
30+40 79
=342,

7

. 2 .
Your average speed will be 345 miles per hour.

93. a. Substitute 4 for x in the model.

W =—66x +526x+1030

W= —66(4)2 +526(4)+1030

W =2078

According to the model, women between the ages of 19 and 30 with this lifestyle need 2078 calories per day. This

underestimates the actual value shown in the bar graph by 22 calories.

b. Substitute 4 for x in the model.

M =-120x% +998x +590

M = —120(4)2 +998(4)+590

M =2662

According to the model, men between the ages of 19 and 30 with this lifestyle need 2662 calories per day. This

underestimates the actual value shown in the bar graph by 38 calories.
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o W _~66x> +526x+1030

M _120x* +998x + 590
2(=33x2 +263x+515)

2(=60x2 +499x +295)
_ -33x% +263x+515

 _60x2 +499x+295

94. R:1 !

1.1 .1
RTR TR
RiRyRy

1 1 1
(E+E+E)R1R2R3
_ RiRyRy
R2R3 + R1R3 +R1R2
4.8-12
8-12+4-12+4-8
384

R(4,8,12) =

T 06448432
384

" 176
24

11

The parallel resistance is % ohms.

95, P=2L+2W

{325
_ 2x + 2x

x+3 x+4

2x(x+4) 2x(x+3)
(x43)(x+4) " (x+3)(x+4)

_ 2x? +8x +2x% +6x
(x+3)(x+4)

4x2 +14x
(x+3)(x+4)

96. P=2L+2W

=2 42 "
x+5 x+6
2x 2x
= +
x+5 x+6

2x(x+6) N 2x(x+5)

(x+5)(x+6) (x+5)(x+6)

_ 227 +12x+2x" +10x
(x+5)(x+6)

4x% +22x

(x+5)(x+6)
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97.—-108. Answers will vary.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

3x-3 _3M-3 _0 which is undefined.
4x(x—1) 4()1A-1) 0

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

do not

does not make sense; Explanations will vary. Sample explanation: The numerator and denominator of
+x

share a common factor.

does not make sense; Explanations will vary. Sample explanation: The first step is to invert the second fraction.

makes sense

225 (x+5)(x=5)
x=5 x=5

x+5

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

true
true

. . I 6x 1 6x+1
false; Changes to make the statement true will vary. A sample change is: 6+— = AL S
X x x b

1 1 1

xX"=1 x"+1 x
x"+1_xn—1 1

x2n -1 x2n -1

XM H1-x"+1-1

|

" -1

(1_3(1_xilj(l_xizj(l_xizj

z_lj(x-i—l_ 1 )(x+2_ 1 ][x+3_ 1 j
x x)\x+1 x+I A\ x+2 x+2/\x+3 x+3
_ x—l)((x+1)—l (x+2)-1 (x+3)—1j

X x+1 x+2 x+3
x—1 / _ 1 .%2/_ x-1

M ;A-/f x+3  x+3

1 1 (x-y) 1 x—y+l

(F=2) (=) =Dm0) (x-p) (x-y)
It cubes x.
1 1 O x0 X
—t st Tt et 3(42
25 _x 2 X _x5+x4+x3:x (x +x+1):x3
6 46 6 2 +x+1 ¥ +x+1
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121. 2(x—-3)-17=13-3(x+2)
2(6-3)-17=13-3(6+2)
2(3)-17=13-3(8)
6-17=13-24
—11=-11, true

122. 12 x+2_x—1 -1 x+2 12 x—1
4 3 4 3
=3(x+2)-4(x-1)

=3x+6-4x+4
=-x+10

~b—\b? —dac _—(9)—(9)> —4Q2)(-5)

123.
2a 2(2
_ —9-+/81+40
_—-9-+121
4
_—9-11
4
=-5
Section P.7

Check Point Exercises

1. 4Q2x+1)-29=3(2x-5)
8x+4-29=6x-15
8x—-25=6x-15
8x—25-6x=6x—-15-6x
2x—-25=-15
2x—25+25=-15+25
2x=10
2x_10
2 2
x=5
Check:
4(2x+1)—-29=3(2x-5)
4[2(5)+1]1-29 =3[2(5)-5]
4[10+1]-29=3[10-15]
411]-29=3[5]
44-29=15
15=15 true
The solution set is {5}.

x=3 5 x+5

4 14 7
x=3 5 x+5j

28. 572 _og[ 2 _
14 7
7(x=3)=2(5)—-4(x+5)
Tx—-21=10—4x-20
Tx—-21=-4x-10
Tx+4x=-10+21

I1x=11
lix_1l
11 11
x=1
Check:
x-3_ 5 x+5
4 14 7
1-3 5 145
4 14 7
2_5.6
4 14 7
L
2 2
The solution set is {1}.
6 5 =20
x+3 x-2 x2+x—6
6 5 -

x+3 x-2 - (x+3)(x-2)
6(x+3)(x—2) 5(x+3)(x-2) _ —20(x+3)(x—-2)
x+3 x=2 (x+3)(x-2)
6(x—2)-5(x+3)=-20
6x—12-5x—-15=-20

x=27=-20
x=17
The solution set is {7} .
14
x+2_x2_4_x—2
1 4 1

x+2 (x+2)(x-2) x-2
I(x+2)(x-2) 4x+2)(x-2) 1(x+2)(x-2)
x+2 (x+2)(x-2) x—2
4—-(x+2)
4—x-2
2
4

[\O (O} 9]

=
\e}

xX—
xX—
X— X

N
=

2 must be rejected. The solution setis { }.

62 Copyright © 2018 Pearson Education, Inc.



111

g f
lpaf | lpaf _lpaf
P q S
af +pf = pq
af —pq=—pf

q(f—-p)=-pf
9(f-p) _ -pf

f-p f-p
of

areys

41-2x|-20=0
4l1-2x/=20
1-2x|=5
1-2x=5 or 1-2x=-5

—2x=4 —2x=-6
x=-2 x=3

The solution set is {-2, 3}.

a.  3x>-9x=0

3x(x-3)=0
3x=0 or x-3=0
x=0 x=3

The solution set is {0,3} .

b. 2% +x=1
2x2 +x-1=0
Qx-1)(x+1)=0

2x—=1=0 or x+1=0
2x = x=-1

x==x7
The solution set is {—\/7 , J7 } .

b. (x+5)° =11

x+5=+J11
x=—5i«/ﬁ

The solution set is {—5 + \/1_,—5 - \/ﬁ}

9.

10.

11.

12.

Section P.7 Equations

X2 +4x-1=0

2 +4x =1
X2 +4x+4=1+4

(x+2)* =5
x+2=+5

x==2+5

The solution set is {—2 + \/g } .

232 +2x-1=0
a=2,b=2,c=-1

-bt \/b2 —4dac
2
—244/22 —4(2)(-1)

2(2)

—2++/4+8
4
24412

4
2423

4
_2(-1:43)

-1

I+
&-b

2

2 2

~1++3 —1—\/5}.

The solution set is {

3x% —2x+5=0
a=3,b=-2,c=5

b? —4ac=(-2)* -4-3-5=4-60=-56
The discriminant is —56. The equation has no real
solutions.

Jx+3+3=x
Jx+3=x-3
(Vx+3) = (x-3)’
x+3=x*—6x+9
0=x>-7x+6

0=(x—-06)(x—1
x—6=0 or x—-1=0
x=6 x=1

1 does not check and must be rejected.
The solution set is {6}.
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Concept and Vocabulary Check P.7

1.

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

64

linear

equivalent

apply the distributive property

least common denominator; 12

0

x#2; x#-1

5(x+3)+3(x+4)=12x+9

isolated on one side

factoring

c, —C

3x-1=7; 3x-1=-7

quadratic

A=0o0r B=0

two

24, the square root property

25. the quadratic formula

26. factoring and the zero-product principle
27. radical

28. extraneous

29. 2x+1; x> —14x+49

Exercise Set P.7

1. 7x-5=72
Tx="177
x=11
Check:
Tx—-5="72
7(11)-5=72
77-5=172
72="T72
The solution set is {11}.

2. 6x—3=63
6x =66
x=11

The solution set is {11}.

Check:
6x—3=063
6(11)-3=63
66—3=63
63 =63

3. 1lx—(6x-5)=40
11x—6x+5=40
5x+5=40
S5x=35
x=7
The solution set is {7}.

Check:
11x—(6x—5)=40
11(7)-[6(7)—5]=40

77— (42-5) =40
77—-(37)=40
40 = 40
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5x—(2x—-10)=135
S5x—2x+10=135
3x+10=35
3x=25
_ 25
3

X

The solution set is {%} .

Check:
5x—(2x-10)=35

S(EJ— 2(§j—10 =35
3 3
E{ﬂ_lo}gs
3 3
12
_5_§:35
1035
—2=35

3
35=35

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

Check:
2(13)-7=6+13
26-7=19

19=19

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

Check:
3x+5=2x+13
38)+5=2(8)+13
24+5=16+13

29=29

Ix+4=x+16
6x+4=16

6x=12

x=2
The solution set is {2}.

Check:
72)+4=2+16
14+4=18
18=18

10.

11.

13x+14=12x-5
x+14=-5
x=-19
The solution set is {—19}.

Check:
13x+14=12x-5
13(-19)+14=12(-19)-5
—-247+14=-228-5
—233=-233

3(x—2) +7=2(x+5)
3x—6+7=2x+10
3x+1=2x+10

x+1=10
x=9
The solution set is {9}.

Check:
39-2)+7=2(9+5)
3(7)+7=2(14)
21+7=28
28 =28

20— 1) +3=x-3(x+1)
2x—2+3=x-3x-3

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

The solution set is {—1}.

Check:
2(x=1)+3=x-3(x+1)
2(-1-1D)+3=—-1-3(-1+1)
2(-2)+3=-1-3(0)
-4+4+3=-1+0
—-1=-1

x+3 x=5

3
==+

6 ; 83 4
24{x+ =§+x_5}

6 4
4x+12=9+6x-30
4x—6x=-21-12

—2x=-33

33
x=—

2
The solution set is {?}
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x+1 1 2—x 16. 3x x—-3 x+2
2. T =—4 3x _x-3_
I I o3 a2
X1 2=x s/ 3X_X=3 _x+
4 6 3 5 2 3
3x+3=2+8—-4x 18x—15x+45=10x+20
3x+4x=10-3 3x-10x=20-45
Tx=17 —7x=-25
x=1 25
The solution set is {1}. X=-—
3 The solution set is {%}
13. o4 lD
4 3
12[5=2+x_3} 1 11
4 3 17. 2. —+5=——(x#1)
3x=24+4x—-12 x-1 x—1
3x—4x=12
—x=12 b. 1 45 11
=12 1)%(1 n=ii"!
. . +5(x-1)=
The solution set is {—12}. e e
S5x—-4=11
14, 54XT2ox*3 sx=15
x=3
24 5+x—2=x-£3 The solution set is {3}.
120+8x—-16=3x+9 3 —4
8x—3x=9-104 18. a. ;e
5x=-95 X+ X+
x=-19
The solution set is {-19}. b 3 7= —4
x+4 x+4
3-7(x+4)=-4
| ) 3-7x-28=-4
15. x+ :5_x+ —Tx=21
3 7 x=-3
x+1 X+2 The solution set is {-3}.
2 —==5-=
8x 8
Tx+7=105-3x-6 19. a. ?=4—?(x¢—1)
Tx+3x=99-7 * *
10x =92
92 b, X 48
=10 x+1 x+1
}‘% 8x=4(x+1)-8
X=— 8x=4x+4-8
5 4x =—-4
) (46 x=-1= no solution
The solution set is {?} The solution set is the empty set, &.
20, 2. -2 =—F _2(xz2)
x=2 x-2
b, 2 =% )
x=2 x-2
2=x-2(x-2)
2=x-2x+4

x =2 = no solution
The solution set is the empty set, <.
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21.

22,

23.

24,

25.

3
2x-2 2 x-1

3 2

1

+

2x-2 X

|

1
xX— 2
3 1
+_
2(x-1) 2
3+1(x—1)
3+x-1

-1

SR

x
The solution

w I

3 5 1

+l=—£4x¢D

etis {2}.

+

X+3 246 x-2

3 5

(x#-3,x#2)

X+3 2(x+3)

6(x—2)=5(x-2)+2(x+3)
6x—12=5x-10+2x+6

—x=8
x=-8

The solution set is {-8}.

2 1

= (x#Lx#-1)
1

x4l x-1 2

2 1

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

The solution set is {-3}.

4 2 32
+

x+5 x-5 - w2 -25

4 2

+ =
x+5 x-=5 (x+5)(x-5)

(x#5,x#-5)
4(x-5)+2(x+5)=32
4x-20+2x+10=32

6x =42

x=7
The solution set is {7}.

1 5 6

-4 x+2 (r—A)(x+2)

Section P.7 Equations

-1,3

1 5 6
b. - =
x—4 x+2 2 _n._g
15
x=4 x+2 (x-4)(x+2)
(x#4,x#-2)
I(x+2)-5(x—4)=6
x+2-5x+20=6
—-4x=-16
x=4
The solution set is the empty set, <.
1 2 8
a. - = ; X#
x=3 x+1 (x=-3)(x+1)
b 12 8
) x=3 x+1 (x=3)(x+1)
I(x+1)-2(x-3)=8
x+1-2x+6=8
-x+7=8
-x=1
x=-1
The solution set is the empty set, <.
1= Prt
P=i;
rt
interest
C=2mnr
C
r=—;
2n
circumference of a circle
T =D+ pm
T—-D=pm
T-D_pm
m m
T-D
Ty
m

total of payment
P=C+MC
P-C=MC

P;C:M
C

markup based on cost

1
A=—h(a+b
5 Ha+b)
24A=h(a+b)
24
—=a+b
h
—-—b=a

area of trapezoid
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32. A=%h@+b)

24 =h(a+b)
24
—=a+b

——a=b
h

area of trapezoid

33. S=P+ Prt
S—P=Prt
S-P

Pt
interest

r,

34. S=P+ Prt
S—P=Prt
S_P—t'

Pr

interest

S~
I
E

3s.

t
|
~

% | s |

B(S-V)

9%}
|
Il

t
I

+
~

36. S=—-

markup based on selling price

37. IR+Ir=E
I(R+r)=E

I=

R+r
electric current

38. A=2lw+2lh+2wh
A—le:h(21+2w)
A-2lw

=h
2014+ 2w
surface area

68

39.

.11
p q f
qf +pf = pq

f(g+Dp)=pq

__pq
p+yq

thin lens equation

40.

41.

42.

43.

44.

1 1

1
_:_+_
R R Ry
R\R, = RR, + RR,

Rle—RRl :RR
Rl (Rz—R):RfezR

Rl = 2

Ry-R

resistance

__Nh/

i+
S+ ) =h1
M+ 1=/

fh = fifa =—11>

A(f=1f)=—1
hS=F) -1

f-f  f-h
7 P

Ch-f
focal length
__ NN

/ S+ /2
S+ )=/

S+ =541
2~ N =—1h

LH(f=h)=-1h
L-H) -

f=h ‘fj%fl
__Jh
e Y

focal length

|x—2|=7

x=2=7 x-2=-7
x=9 x=-5

The solution set is {9, —5}.

|x+1]=5
x+1=5x+1=-5

x=4 x=-6
The solution set is {—6, 4}.
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49.

[2x-1]=5 50. 4P—§x+7=10
2x—1=5 2x-1=-5 4
2x=6  2x=-4 a3 =3
x=3 x=-2
The solution set is {3, -2}. l—ix _3
2x-=3|=11 N
|2x_3|_11 2x-3 11 1 3x—3 1 3X_ 3
xX—3= xX—3=— —_——Xx=— or —_ = —
2x =14 2x=-8 431 41 gl 471
x=7 x=—4 = Zx=-L
The solution set is {4, 7}. 4 1 4 4 7 4
x== xX=—
3 3
23x-2|=14 ‘ (17
Bx—2|=7 The solution set is {3,3 .
3x-2=7 3x-2=-7
3x=9 3x=-5 51, [x+1/+5=3
x=3 x=-=5/3 |x+1|:—2
The solution set is {3, =5/3} No solution
The solution set is { }.
32x—1]=21
2x—1]=7 52, xt1]+6=2
2x—1=17 or 2x—-1=-7 |x + 1] =—4 The solution set is { }.
2x =28 2x=-6
x=4 x=-3 53. |2x—-1|+3=3
The solution set is {4, =3} 2x—1/=0
2x—-1=0
5 2x=1
2‘4—5x +6=18 =1/
5 . .1
214—=x|=12 The solution setis {—¢ .
2 2
4—§x=6
2 54. [3x-2|+4=4
5
4-2x=6 4-2x=-6 Bx-2|=0
2 or 2 3x-2=0
—Zx=2 ~Zx=-10 3x=2
2 =2
xz_i x=4 3
5

The solution set is {—§,4}.

The solution set is {%} .

55. x?-3x-10=0
(x=5)(x+2)=0

x=5=0 or x+2=0
x=5 x=-2

The solution set is {-2,5} .

56. x> —13x+36=0
(x—4)(x-9)=0

x=4=0 or x-9=0
x=4 x=9

The solution set is {4,9} .
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57.

58.

59.

60.

61.

62.

63.

70

x* =8x—15
x* —8x+15=0
(x=3)(x-5)=0
x—=3=0 or x-5=0
x=3 x=5

The solution set is {3,5}.

x* =—11x—10
x> +11x+10=0
(x+10)(x+1) =0

x+10=0 or
x=-10

The solution set is {-10,-1} .

x+1=0
x=-1

5x% =20x
5x2 —20x=0
Sx(x—4)=0
5x=0 or x—4=0
x=0 x=4

The solution set is {0,4}.

3x% =12x
3% —12x=0
3x(x—4)=0
3x=0 or x—4=0
x=0 x=4

The solution set is {0,4} .

3x% =27
x2=9
V2 =10
x=13
The solution set is {£3} .

5x2 =45
x> =9
2 =9
x=23
The solution set is {+3} .

5x% +1=51

5x% =50

x> =10
Jx? =110

X = i\/m
The solution set is {i\/ﬁ} .

64.

65.

66.

67.

68.

69.

70.

3x2-1=47
3x2 =48
X’ =16
2 =+J16
x=14
The solution set is {+4]} .

3(x— ) =15
(x=4)* =5
Yoo =445

x—4=+5

x=4+5

The solution set is {4 + \/g } .

3(x+4)° =21
(x+4)* =7

(x+4)2 =+J7
x+4=%/7

x=—4+7

The solution set is {—4 i\ﬁ } .

x> +6x=7
x> +6x+9=7+9
(x+3)%> =16
x+3=44
x=-3%+4

The solution set is {-7, 1}.

x? +6x=-8
x> +6x+9=—-8+9
(x+3)% =1
x+3==1
x=-3%1
The solution set is {—4, —2}.

x2—2x:2
¥ —2x+1=2+1
(x-1)? =3
x—lzi\/g
lei\/g

The solution set is {1+\/§, 1—\/3}.

X2 +4x=12
X2 +4x+4=12+4
(x+2)* =16
x+2==14
x=-2%4
The solution set is {—6, 2}.
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71.

72.

73.

74.

75.

x> —6x-11=0
x2—6x:11
x> —6x+9=11+9
(x-3)2=20
x—3=i\/%

x=3+25

The solution set is {3 + 2\/3, 3- 2\/5} .

x> —2x-5=0
x2—2x=5
X —2x+1=5+1
(x-1)*=6
x—1=i\/g

lei\/g

The solution set is {1+\/6, 1—\/6}.

X2 +4x+1=0

X2 +4x=-1
X2 +dx+4=—1+4

(x+2)* =3
x+2:i\/§

x=—2i\/§

The solution set is {—2+\/—,—2—\/§}.

x> +6x-5=0
x2+6x=5
X +6x+9=5+9
(x+3)> =14
x+3=%14

x=—3i«/ﬁ

The solution set is {—3+\/ﬁ,—3—\/ﬁ}.

x> +8x+15=0

—8++/8% —4(1)(15)
x:
21
—8++/64-60
X=——-
s
x:
2
—8+2
x:
2

The solution set is {5, —3}.

76. x*+8x+12=0

-8+48% —4(1)(12)

231
_ —8++/64-48

X
2
-8t4
x=
2

The solution set is {—6, —2}.

77. x*+5x+3=0

=—51452—4ax$

x
2(1
—-5++/25-12
=
-5++4/13
x

2

The solution set is {

78. x*+5x+2=0

—5+13 =5
2 9

x:—si\bz—4axm
2(1)
x:—siJ25—8

_—Sijﬁ'

T2

The solution set is {

79. 3x%-3x—4=0

L33 404

—5+17 =5
2 b

23)
3+9+48
X=—

.

6

The solution set is {3
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80.

81.

82.

83.

72

5x2+x-2=0 84.

L —1+4/12 —4(5)(-2)
2(5
o —14£/1+40

1
—-1£+/41 85.
10
The solution set is —1+\/ﬂ’—1—\/ﬁ .
10 10
86.
4x? =2x+7
4x% —2x-7=0

242 ~4@)(T)
X =

2(4) 87.
2444112

X
2+4116
X=—-

8
L2229

_1ij‘23 88.

4

1+429 1—@}

The solution set is s
4 4

89.

3x% =6x—1
3% —6x+1=0

L J(=6)2 —4(3)(1)

23 90.

6++/36-12
X=————

6+

g

X =

NN

B

w
I+
S

The solution set is {

3+\/Eﬂ
37 3 |

x> —4x-5=0
(~4)2 —4(1)(-5)
=16+20

= 36; 2 unequal real solutions

91.

4x% —2x+3=0

(-2)° ~4(4)3)

=448

=—44; 2 complex imaginary solutions

252 —11x+3=0

(-11)* -4(2)3)

=121-24

= 97; 2 unequal real solutions

2x% +11x-6=0

112 —4(2)(-6)

=121 +48

= 169; 2 unequal real solutions

x2=2x-1
¥2—2x+1=0
(=2)* = 4()(1)
=4-4
=0; 1 real solution

3x? =2x-1

3x2 —2x+1=0

(-2)* =4(3)(D)

=4-12

= —8; 2 complex imaginary solutions

x> -3x-7=0
(=3)* - 4()(-7)
=9+28
=37, 2 unequal real solutions

3x% +4x-2=0

4% ~4(3)(-2)

=16 +24

= 40; 2 unequal real solutions

2x% —x=1
232 —x-1=0
Cx+D)(x-1)=0
2x+1=0o0rx—-1=0
2x=-1

1
x=——orx=1
2

The solution set is {—%, 1}.
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92. 3x? —d4x=4 97. x> —2x=1
3x2 —4x—4=0 X2 —2x+1=1+1
(B3x+2)(x—2)=0 (x-1)* =2
3x+2 or x-2=0 x—1=+2
3x=-2 lei\/i

The solution set is {1+x/§, 1 —\/5}
xz—g or x=-3

2
The solution set is {—%,2}. 98. 2x°+3x=1

2x% +3x-1=0
93. 5x* +2=11x = —3%3% —4(2)(-1)
5x2—11x+2=0 J&)
(5x=1)(x=2)=0 34948
Sx-1=0o0rx—2=0 ET
Se=1 L
x=3 orx=2 T4
. The solution set 3+417 -3-17
The solution set is {;,2}. © sofution set1s 4 4 ‘
94, 5x2 =6-13x 99. Q2x+3)(x+4) =1
5x2 +13x-6=0 2x2 +8x+3x+12=1
(5x=2)(x+3)=0 2x2 +11x+11=0

5x—=2=0 or x+3 1144112 —4(2)(11)
—_— X=
5x=2 22
—11+/121-88

2
x= 3 or x=-3 x=
e s
The solution set is {—3,—¢. X=———"
5 4
. .| -11 -11-
95. 3x2 =60 The solution set is { Z\/ﬁ, 4@}
x? =20
¥= j—:;/j_g 100.  (Q2x-S)x+1)=2
== 2x% +2x-5x-5=2
The solution set is {—2\/5, 2\/3} 252 -3x=7=0
_34(=3) -4)-)
96. 2x* =250 x= 0
x? =125 349456
x =1/125 x=""
x=455 3% fé?
The solution set is {—5\/5, 5\/3} = 4
The solution set is {3 +;/6 s 3_:‘/6}.
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101.

102.

103.

104.

105.

106.

74

(Bx-4)> =16

3x—4=116

3x—4=44
3Ix=4+4
3x=8o0r3x=0

x=§ orx=0
3

The solution set is {O, g}

2x+7)> =25
2x+7 =425
2x=-7%5
2x=-12 or 2x=-2
x=6 or x=-1

The solution set is {-6, —1}.

3x% —12x+12=0
X2 —4x+4=0
(x-2)(x-2)=0
x-2=0
x=2

The solution set is {2}.

9—6x+x>=0

x> —6x+9=0

(x=3)(x-3)=0

x=3=0

x=3

The solution set is {3}.

4x* -16=0
4x* =16
x* =4
x=12

The solution set is {-2,2}.

3x2-27=0
3x2 =27
x> =9
x=23
The solution set is {-3, 3}.

107.

108.

109.

110.

X2 =4x-2
¥2—4x+2=0
‘= —bi\/b2 —4dac
2a
L e e
2(D)

4+48
T
x=2+2

The solution set is {2 * \/5 } .

x* =6x-7
x> —6x+7=0

‘= —bi\/b2 —4dac
2a

_EOEV6)’ ~40)D)
201)
68
X =

2
x=3% \/5
The solution set is {3i\/§} .

2x2 -7x=0
x(2x-=7)=0
x=0o0or2x-7=0

2x =

x=0orx=—

7
7
2

The solution set is {0,

SN

232 +5x=3
232 +5x-3=0

—544/52 —4(2)(-3)
x —
202
L T5EN25+24
e —Sixﬂ@

4
547

The solution set is {—3,%}.
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1 1 1
—+ =—;x#0,-2
1L X x+2 32

3x+6+3x=x"+2x
0=x>—4x-6

—(~4)£4(-4)* - 4(1)(-6)

B 2(1)
L_4x416+24

40
x=

2
_4+2410

X
x=2i§ﬁ

The solution set is {2+ \/E, 2- \/E}

112. l+ ! =l;x¢0,—3
x x+3 4

Ax+12+4x = x* +3x
0=x>-5x—12

—(=5) (=5 —4(1)(-12)

- 2(1)
5425448
5 \/%

2

X=—

I+

X

5+73 5—\/%}

The solution set is s
2 2

113. 2x 6 28
+ =

x=3 x+3 2_9

2x(x+3)+6(x-3)=-28
2% +6x+6x—18=-28
232 +12x+10=0

x> +6x+5=0
(x+D(x+5=0

The solution set is {-5, —1}.

;x#3,-3

3 5 ¥ =20
+ ==
x=3 x—4 x*-T7x+12
3x—12+5x—15=x>-20
0=x>-8x+7
0=(x-7)(x-1)
x=17 x=1
The solution set is {1, 7}.

114. ;x#3,4

Section P.7 Equations

115. V3x+18=x

3x+18=x?

x? —3x-18=0

(x+3)(x—-6)=0
x+3=0 x-6=0
x=-3 x=6

3(-3)+18=-3 /3(6)+18=6
NV-9+18 =-3 V18+18=6
J9=-3 False /36=6
The solution set is {6}.
116. V20-8x =x
20—8x = x?
x? +8x—20=0

(x+10)(x—2)=0
x+10=0 x=2=0
x=-10 x=2

J20-8(=10) =—10 20-8(2) =2
J20+80 =10 J20-16 =2
J100 =-10 Ja=2

False
The solution set is {2}.

117. Vx+3=x-3
x+3=x>—6x+9
X2 —7x+6=0
(x=1D(x-6)=0
x—1=0 x-6=0
x=1 x=6
NJI+3=1-3 6+3=6-3
\/—2—2 False \/§:3

The solution set is {6}.

118. Vx+10=x-2
x+10=(x—2)2
x+10=x> —4x+4

x2—5x—6=0

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

NV-1+10=-1-2 6+10=06
\/5:—3 False \/%=4

The solution set is {6}.
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119. 2x+13=x+7
2x+13=(x+7)*
2x+13=x% +14x+49

¥ +12x+36=0
(x+6)> =0
x+6=0
x=-6
J2(=6)+13 =—6+7
J-12+13 =1
V=1

The solution set is {—6}.

120. V6x+1=x-1
6x+1=(x—1)>
6x+1=x>—2x+1
x> —8x=0
x(x—-8)=0
x—8=0 x=0
x=8
6(0)+1=0-1 6(8)+1=8
VO+1 =~ 48+1=17
Ji=-1 False V49 =7

The solution set is {8}.

121.
x—2x+5=5
x—=5=+2x+5
(x=5)? =2x+5
X2 —10x+25=2x+5
X2 —12x+20=0
(x=2)(x-10)=0
x—=2=0 x-10=0
x=2 x=10
2-22)+5=5 10-2(10)+5=5
2-J9=5 10-25=5
2—-3=5 False 10-5=5
The solution set is {10}.

122. x—+x+11=1
x—1=+x+11
(x-1)? =x+11
2 —2x+1=x+11
x> —3x-10=0
(x+2)(x-5)=0
x+2=0 x-5=0
x=-2 x=5

—2—-+/-2+11=1 5-+5+1

._.
Il

1
2-9=1 5-16 =1
—2-3=1 False 5-4=1

The solution set is {5}.
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123. V2x+19-8=x

V2x+19 =x+8
2
(vV2x+19)" =(x+8)*
2x+19 = x? +16x+64
0=x?+14x+45
0=(x+9)(x+5)
x+9=0 or x+5=0
x=-9 x=-5

—9 does not check and must be rejected.
The solution set is {-5}.

124. 2x+15-6=
X
2
(V2x+15)" =(x+6)’

2x+15= x> +12x+36
0=x%+10x+21
0=(x+3)x+7)
x+3=0 or x+7=0

x=-3 x==7
—7 does not check and must be rejected.
The solution set is {-3}.

125. 25-[2+5y-3(y+2)]=-32y-5)—-[5(v—-1)-3y+3]
25—-[2+5y-3y—-6]=—6y+15—[5y—5-3y + 3]
25 -[2y—4]=-6y+ 15— [2y—2]
25-2y+4=—6y+15-2y+2
—2y+29=-8y+17
6y =-12
y=-2
The solution set is {-2}.

126. 45-[4-2y—-4(y+7]=-4(1+3y)-[4-3(y+2)-2(2y - 95)]
45-[4-2y—4y—-28]=-4-12y—[4-3y—-6—4y + 10]
45 —[-6y—24]=—4—-12y— [Ty + 8]
45+6y+24=—4—-12y+7y—-8
6y+69=-5y—12
11y=-81
81

T

The solution set is {—%}

127. 7-7x=0CBx+2)(x-1)
T—Tx=3x%-x-2
0=3x>+6x-9
0=x>+2x-3
0=(x+3)(x-1
x+3=0 or x-1=0
x=-3 x=1

The solution set is {-3,1}.
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128. 10x—1=(2x+1)*
10x—1=4x? +4x+1
0=4x> —6x+2
0=2x%-3x+1
0=x—-1)(x-1)
2x=1=0 or x-1=0
1 x=1

X=—

2
. .1
The solution set is E’l .

129. ‘xz +2x—36‘:12

x> +2x-36=12 x> +2x-36=-12
xZ+2x—48=0 or x>+2x—24=0
(x+8)(x—6)=0 (x+6)(x—4)=0

Setting each of the factors above equal to zero gives x=—8, x=6, x=-6, and x=4.
The solution set is {-8, -6, 4, 6}.

130. ‘xz + 6x+1‘ =8

X +6x+1=8 o x*+6x+1=-8
X2 +6x-7=0 X2 +6x+9=0
(x+7)(x-1)=0 (x+3)(x+3)=0

Setting each of the factors above equal to zero gives x=—-7, x=-3, and x=1.
The solution set is {~7,—3,1}.

131. 1 | 5
2 - L)
x”=3x+2 x+2 x*—4
1 1 N 5
(x-D(x-2) x+2 (x+2)(x-2)
Multiply both sides of the equation by the least
common denominator, (x—1)(x—2)(x+2). This

results in the following:

x+2=(x-1D(x-2)+5(x-1)

x+2=x%—2x—x+2+5x—5

x+2=x%+2x-3
0=x>+x-5

Apply the quadratic formula: a=1 b=1 c¢=-5.

x: —121P —4(1)(=5) 1+ f1-(-20) _-1:\21
2(1) 2 2

The solution set is {

—11@}_
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132. x-—1 X 1 135. Values that make the denominator zero must be
=+ =
X2 -3 2_5x4+6 excluded.
x—1+ X _ 1 2x% +4x-9=0
x—=2 x-3 (x=-2)(x-3) b+ /b2—4ac
Multiply both sides of the equation by the least common x= —2—
denominator, (x—2)(x—3). This results in the \72—
following: x= —@WEVE” 42
' - 2(2)
(x=-3)(x-D+x(x-2)=1
X2 —x—3x+3+xF-2x=1 x:_4i4‘/§
2x% —6x+3=1
-4+
232 —6x+2=0 XZL\/Z
Apply the quadratic formula: a=2 b=-6 c¢=2. o 2+22
—(—6)£4/(=6)* —4(2)(2) 2
22)
— 136. Values that make the denominator zero must be
_5 36—16:6i@ excluded.
2
_6i«/4~5_612\/§ 2x"—8x+5=0
h 4 T4 bty b2 —4ac
3445 Y=
= a
2 _ (R £(=8)” ~42)(5)
. _[3x4/5 r 2(2)
The solution set is .
2 LEVT
4
133, Jx+8-vJx—-4=2 xzsinE
Vx+8=+x-4+2 ‘\‘/,
x+8=(r—4+2)° Lo AEN6
x+8=x—4+4/x—4+4 2
x+8=x+4vx—-4
8=4Vx—4 137. a. p=ﬂ+25
2=+x—-4 5
4=x-4 4(30)
x=8 p=—=-+25
8+8—-/8-4=2 p=24+25
16-~/4=2 p=4
4-2=2 According to the model, 49% of U.S. college
The solution set is {8}. freshman had an average grade of A in high
school in 2010. This overestimates the value
134. Vx+5-+x-3=2 shown in the bar graph by 1%.
Vx+5=+x-3+2 4x
x+5=(x-3+2)> b. p:?+25
x+5=x-3+4Jx-3+4 57_4_x_|_25
x+5=x+14+4/x-3 T 5
S5=14+4vx-3 32:4_)6
4=4x-3 160 45
— v =4ax
i - xf3 ’ 40=x
x=4 According to the model, 57% of U.S. college
B freshman will have an average grade of A in
445 :/_\9/4 —? = ; high school 40 years after 1980, or 2020.
3-1=2
The solution set is {4}.
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138. a. p=4—5x+25

4(20),

p=16+25

p=41

According to the model, 41% of U.S. college
freshman had an average grade of A in high
school in 2000. This underestimates the value
shown in the bar graph by 2%.

25

¢ = X+0.1(500)
x+500
x +0.1(500)

139.

0.28 =

x+500
0.28(x +500) = x+0.1(500)
0.28x+140=x+50

-0.72x =-90

-0.72x _ 90

-0.72 -0.72
x=125

125 liters of pure peroxide must be added.

- X+035(200)
x+200

140. a.

_ x+0.35(200)
x+200

0.74(x +200) = x +0.35(200)
0.74x+148 = x + 70

b. 0.74

-0.26x =-78

—0.26x 78

-0.26 -0.26
x =300

300 liters of pure acid must be added.

141, f(x)=0.013x> —1.19x+28.24
3=0.013x% —1.19x +28.24
0=0.013x% —1.19x+25.24

Apply the quadratic formula:
a=0.013 b=-1.19 c¢=2524

_ (—1.19)1\/(—1.19)2—4(0.013)(25.24)

2(0.013)
_1.19%+/1.4161-1.31248
_ 1.19£+/0.10362

0.026
_ 1.19£0.32190

0.026
=58.15 or 33.39
The solutions are approximately 33.39 and 58.15.
Thus, 33 year olds and 58 year olds are expected to
be in 3 fatal crashes per 100 million miles driven.
The function models the actual data well.

142. f(x)=0.013x% —1.19x+28.24
10=0.013x> —1.19x+28.24
0=0.013x>—1.19x +18.24

Apply the quadratic formula:
a=0.013 b=-1.19 c=1824

B —(—1.19)J_r\/(—1.19)2 ~4(0.013)(18.24)
o 2(0.013)

_ 1.19£+1.4161-0.94848

_1.19++0.46762 1.19£0.68383

0.026 0.026
Evaluate the expression to obtain two solutions.

~1.19+0.68383 x_1.19—0.68383
0.026 or 0.026
_ 1.87383 _0.50617
0.026 0.026
x=72.1 x=19

Drivers of approximately age 19 and age 72 are
expected to be involved in 10 fatal crashes per 100
million miles driven. The formula does not model
the data very well. The formula overestimates the
number of fatal accidents.

143. a. According to the line graph, about 47% 1% of
U.S. women participated in the labor force in
2010.

b. p=1.6Vr+38
p=1.6140+38 ~48.1

According to the formula, about 48.1% of U.S.
women participated in the labor force in 2010.

c. p=16Jr+38
51=1.6v/t +38

66 = ¢
According to the formula, 51% of U.S. women
will participate in the labor force 66 years after
1970, or 2036.
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144. a. According to the line graph, about 53% £1% of

U.S. men participated in the labor force in 2010.

b. p=-1.6Jt+62

p=-16J40+62=519

According to the formula, about 51.9% of U.S.
men participated in the labor force in 2010.

¢ p=-1.6Jr+62

49 = 1.6V +62
_13=—1.6¢
—13  —1.6v1
16 -6
- = t
-1 i

~13 2
(—1.6] =(¥1)
66 ~ 1

According to the formula, 49% of U.S. men will
participate in the labor force 66 years after 1970,
or 2036.

145. - 158. Answers may vary.

159.

160.

161.

162.

163.

164.

165.

does not make sense; Explanations will vary.
Sample explanation: Substitute n =10 into the
equation to find P.

makes sense

does not make sense; Explanations will vary.
Sample explanation: The factoring method would be
quicker.

does not make sense; Explanations will vary.
Sample explanation: You should substitute into the
original equation.

false; Changes to make the statement true will vary.
(2x—-3)2 =25

J2x-3)? =125
2x—3=45

A sample change is:

false; Changes to make the statement true will vary.
A sample change is: Some quadratics have one
number in their solution sets.

true

166.

167.

168.

169.

170.

Section P.7 Equations

false; Changes to make the statement true will vary.

2

A sample change is: ax” +c¢=0 can be solved

using b=0.

7x+4+13:x

10+ 13- 6

3 _ 1
b
-19b=-38
b=2

[x=(=3)][x~(5)] =0
(x+3)(x-5)=0
x> —2x-15=0

L

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

LV —-NS
L-N

s=—162 + vyt
0=—16/%+vpt—s
a=-16, b=vy, c=-s

v £4(v)* ~4(~16) (=)
2(-16

o E (vo )2 —64s

t=
Vo i\[voz —64s

32

=

=

171. x+150

172. 20+0.05x

173. 4x+400
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Exercise Set P.8

Check Point Exercises

1.

82

Let x = the average yearly salary, in thousands, of women with an associate’s degree
Let x + 14 = the average yearly salary, in thousands, of women with a bachelor’s degree
Let x + 26 = the average yearly salary, in thousands, of women with a master’s degree
x+(x+14)+(x+26)=139

x+x+14+x+26=139

3x+40=139
3x=99
x=33

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

Let x = the number of years after 1969.

85-0.9x =25
-0.9x=25-85
—0.9x =—-60
_ =60
-0.9
x =67

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

Let x = the number of bridge crossings at which the costs of the two plans are the same.
No Pass  Discount Pass
= ——

5x = 40+3«x
S5x—-3x=40
2x =40
x=20

The two plans cost the same for 20 bridge crossings.

Let x = the computer’s price before the reduction.

x—0.30x =840
0.70x = 840
840
X=—
0.70
x=1200

Before the reduction the computer’s price was $1200.

Let x = the amount invested at 9%.
Let 5000 — x = the amount invested at 11%.
0.09x+0.11(5000 — x) = 487
0.09x+550—0.11x = 487
—0.02x +550 =487

—0.02x =63
—63
X=—
=0.02
x=3150
5000—x=1850

$3150 was invested at 9% and $1850 was invested at 11%.
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Section P.8 Modeling with Equations

6. Let x = the width of the court.
Let x + 44 = the length of the court.
20+2w="P

2(x+44)+2x =288
2x+88+2x =288
4x+88=288
4x =200
200
x=

4
x=50
x+44=94
The dimensions of the court are 50 by 94.

7. (16+2x)(12+2x) =320
192 +56x +4x? =320
4x% +56x-128=0

X2 +14x-32=0
(x+16)(x—2)=0
x+16=0 or x—2

x=-16 x
—16 must be rejected.
The path must be 2 feet wide.

0
2

8. a’+b> =c?
a* +(50)* = (130)°
a* +2500 = 16,900
a* =14,400
a==%120
—120 must be rejected.
The tower is 120 yards tall.

The original amount of money per person. . . The new amount of money per person.
——— reduction per winner
—
9, 5,000,000 3 375,000 _ 5,000,000
¥ 5,000,000 5 00())C 630
x(x+3)] 2=~ 375,000 | = x(x +3) 20—
X x+3

5,000,000(x +3)—375,000x(x +3) = 5,000,000x
5,000,000x +15,000,000—375, OOOx2 —1,125,000x = 5,000,000x
—375,000x2 —1,125,000x +15,000,000 =0
x* +3x—40=0
(x+8)(x—=5)=0
x+8=0 or x-5=0
x=-8 x=5

—8 must be rejected. There were 5 people in the original group.

Concept and Vocabulary Check P.8

1. x+658.6
2. 31+24x
3. 4+0.15x
4. x—0.15x or 0.85x

5. 0.12x+0.09(30,000 — x)
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x+5; 2(x+5)+2x; x(x+5)

right; hypotenuse; legs

right; legs; the square of the length of the
hypotenuse

10,000 10,000
x 0 x+2

Exercise Set P.8

1.

84

Let x =the number of years spent watching TV.
Let x+19 =the number of years spent sleeping.
x+(x+19)=37

x+x+19=37
2x+19=37
2x =18

x=9
x+19=28

Americans will spend 9 years watching TV and 28
years sleeping.

Let x =the number of years spent eating.
Let x+ 24 =the number of years spent sleeping.
x+(x+24)=32

x+x+24=32
2x+24=32
2x =8

x=4
x+24=28

Americans will spend 4 years eating and 28 years
sleeping.

Let x =the average salary, in thousands, for an
American whose final degree is a bachelor’s.

Let 2x—70 = the average salary, in thousands, for an
American whose final degree is a master’s.
x+(2x-70)=173

x+2x-70=173
3x-=70=173
3x =243

x =281
2x—70=92

The average salary for an American whose final
degree is a bachelor’s is $81 thousand and for an
American whose final degree is a master’s is $92
thousand.

Let x =the average salary, in thousands, for an
American whose final degree is a bachelor’s.

Let 2x—45 = the average salary, in thousands, for an
American whose final degree is a doctorate.
x+(2x—-45)=198

x+2x—45=198
3x—45=198
3x =243

x =281
2x—-45=117

The average salary for an American whose final
degree is a bachelor’s is $81 thousand and for an
American whose final degree is a doctorate is $117
thousand.

Let x =the number of years after 2014.

37,600 +1250x = 46,350
1250x = 8750
1250x _ 8750

1250 1250
x=7

7 years after 2014, or in 2021, the average price of a
new car will be $46,350.

Let x =the number of years after 2014.
11.3+0.2x=12.3

0.2x=1

02x _ 1

02 02
X =

5 years after 2014, or in 2019, the average age of
vehicles on U.S. roads will be 12.3 years.

a. y=24,000-3000x

b. y =24,000-3000x
9000 = 24,000 —3000x

9000 — 24,000 =-3000x

—15,000 =-3000x

_ —15,000
-3000
x=5
The car’s value will drop to $9000 after 5 years.

a. y=45,000-5000x

y=45,000-5000x
10,000 = 45,000 —5000x
10,000 —45,000 = -5000x
-35,000 = -5000x

—-35,000
x=—7——
-5000
x —
The car’s value will drop to $10,000 after 7

years.
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10.

11.

12.

13.

Let x = the number of months.
The cost for Club A: 25x+40
The cost for Club B: 30x+15
25x+40=30x+15
—5x+40=15
—S5x=-25
x=5

The total cost for the clubs will be the same at 5
months. The cost will be
25(5)+40=30(5)+15=9$165
Let g = the number of video games rented
9g=4g+50
5¢ =50

g=10
The total amount spent at each store will be the
same after 10 rentals.
9¢ =9(10)=90
The total amount spent will be $90.

Let x = the number of uses.
Cost without discount pass: 1.25x
Cost with discount pass: 15+40.75x

1.25x=15+0.75x
0.50x =15
x=30
The bus must be used 30 times in a month for the
costs to be equal.

Cost per crossing: $5x
Cost with discount pass: $30 + $3.50x
5x=30+3.50x
1.50x =30
x=20
The bridge must be used 20 times in a month for
the costs to be equal.

Let x = the number of years after 2010.
College A’s enrollment: 13,300+1000x

College B’s enrollment: 26,800 —500x
13,300+1000x = 26,800 —500x
13,300+ 1500x = 26,800
1500x =13,500
x=9
The two colleges will have the same enrollment 9
years after 2010, or 2019. That year the
13,300+1000(9)
enrollment will be =26,800—500(9)
=22,300 students

14.

15.

16.

17.

18.

19.

20.

Section P.8 Modeling with Equations

Let x = the number of years after 2000
10,600,000 — 28,000x = 10,200,000 —12,000x
—16,000x =—400,000
x=25
The countries will have the same population 25
years after the year 2000, or the year 2025.
10,200,000 —12,000x = 10,200,000 —12,000(25)
=10,200,000-300,000
=9,900,000

The population in the year 2025 will be 9,900,000.

Let x = the cost of the television set.
x—0.20x =336
0.80x =336
x =420
The television set’s price is $420.

Let x = the cost of the dictionary
x—0.30x=30.80
0.70x =30.80
x =44
The dictionary’s price before the reduction was $44.

Let x = the nightly cost
x+0.08x =162
1.08x =162
x =150
The nightly cost is $150.

Let x = the nightly cost
x+0.05x =252
1.05x =252
x =240
The nightly cost is $240.

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

584 =1.25¢

46720=c

The dealer’s cost is $467.20.

Let ¢ = the dealer’s cost
15=c+0.25¢
15=1.25¢

12=c¢

The dealer’s cost is $12.
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21.

22.

23.

24,

25.

86

Let x = the amount invested at 6%. 26.

Let 7000 — x = the amount invested at 8%.

0.06x +0.08(7000 — x) = 520
0.06x +560 —0.08x = 520
~0.02x +560 = 520
~0.02x = —40

40

©—0.02
x = 2000
7000 — x = 5000

$2000 was invested at 6% and $5000 was invested

at 8%. 27.

Let x = the amount invested at 5%.
Let 11,000 — x = the amount invested at 8%.
0.05x+0.08(11,000—x) =730
0.05x+880—-0.08x =730
—0.03x+880 =730

—0.03x =-150
-150 28.
X=—
-0.03
x=5000

11,000 — x = 6000
$5000 was invested at 5% and $6000 was invested
at 8%.

Let x = amount invested at 12%
8000 — x = amount invested at 5% loss
.12x—.05(8000—x) = 620
12x—-400+.05x =620
17x=1020
x=6000

8000-x = 2000 29.

$6000 at 12%, $2000 at 5% loss

Let x = amount at 14%
12000 — x = amount at 6%

14x-0.6(12000 - x) = 680
14x—720+.06x = 680
2x=1400

x =7000

120007000 = 5000

$7000 at 14%, $5000 at 6% loss

30.

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

Let w = the width of the swimming pool,
Let 3w = the length of the swimming pool
P =2(length)+2(width)
320=2(3w)+2(w)
320 =6w+2w
320=8w
40=w
If w =40, 3w = 3(40) = 120.
The dimensions are 40 feet by 120 feet.

Let w = the width of the field
Let 2w + 6 = the length of the field
228 =6w+12
216 = 6w
36=w
If w=36,then 2w+ 6=2(36)+6=78. Thus,

the dimensions are 36 feet by 78 feet.

Let w = the width of the pool,
Let 2w — 6 = the length of the pool
P =2(length)+2(width)
126 =2(2w—6)+2(w)
126 =4w—-12+2w
126 =6w—12
138 =6w
23=w
Find the length.
2w—6=2(23)-6=46-6=40
The dimensions are 23 meters by 40 meters.

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

Let w = the width of the path
Let 40 + 2w = the width of the pool and path
Let 60 + 2w = the length of the pool and path
2(4042w) +2(60+2w) = 248
80+4w+120+4w =248
200+ 8w =248
8w =48
w=6
The width of the path is 6 feet.
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31.

32.

33.

34.

Let w = the width
Let w +3 = the length

Area = lw
54=(w+3)w
54 =w? +3w
0=w?+3w-54
0=(w+9)(w—6)
w+9=0 w—6=0
w=-9 w=06

Disregard —9 because we can’t have a negative
length measurement. The width is 6 feet and the
length is 643 =9 feet.

Let w = the width
Let w + 3 = the width
Area = lw
180 =(w+3)w
180 = w? +3w
0=w? +3w—180
0= (w+15)(w—12)

w+15=0 w—12=0

M w= 12
The width is 12 yards and the length is
12 yards + 3 yards = 15 yards.

Let x = the length of the side of the original square
Let x + 3 = the length of the side of the new, larger
square

(x+3)* =64
X2 +6x+9=64
X2 +6x-55=0
(x+11)(x=5)=0
Apply the zero product principle.
x+11=0 x=5=0
x=-11 x=5
The solution set is {-11,5}. Disregard —11 because
we can’t have a negative length measurement. This
means that x, the length of the side of the original
square, is 5 inches.
Let x = the side of the original square,
Let x + 2 = the side of the new, larger square

(x+2)* =36
)zcz +4x+4=36
x“+4x-32=0
(x+8)(x—4)=0
x+8=0 x—4=0
}/z—/g x=4
The length of the side of the original square, is 4
inches.

35.

36.

37.

38.

Section P.8 Modeling with Equations

Let x = the width of the path
(20+2x)(10+2x) = 600
200+ 40x +20x + 4x° = 600
200+ 60x + 4x° = 600
4x2 +60x +200 = 600
4x% +60x—400=0
4(x2 +15x—100) =0
4(x+20)(x-5)=0

Apply the zero product principle.

4(x+20)=0 x=5=0
x+20=0 x=35
x=-20

The solution set is {—20,5}. Disregard —20

because we can’t have a negative width
measurement. The width of the path is 5 meters.

Let x = the width of the path

(12+2x)(15+2x) =378
180+ 24x +30x + 4x% =378
4x* +54x+180 =378

4x% +54x—198 =0
2(2x% +27x-99) =0
2(2x+33)(x=3)=0
2(2x+33)=0 -3
X

2x+33=0
2x=-33

0
3

xXs<£—

2
The width of the path is 3 meters.
(20+2x)(30+2x)—(20)(30) =336
600+100x + 4x% — 600 = 336
4x% +100x-336=0
x> +25x-84=0
(x=3)(x+28)=0
x=3=0 or x+28=0
x=3 x=-28
—28 must be rejected.
The width of the path is 3 feet

(10+2x)(12+ 2x) — (10)(12) = 168
120+ 44x +4x* —120 =168
4x% +44x-168=0
X% +11x—42=0
(x=3)(x+14)=0
x=3=0 or x+14=0
x=3 x=-14
—14 must be rejected.
The width of the path is 3 feet.

Copyright © 2018 Pearson Education, Inc. 87



Chapter P Prerequisites: Fundamental Concepts of Algebra

39.  a?+b*=¢?
a® +15% =20?
a* +225 =400
a* =175
a= iﬁ
a==*13.2
—13.2 must be rejected.
The ladder reaches 13.2 feet up the house.

a® +100 =900
a* =800
a= im
a=128.3
—28.3 must be rejected.
The building is 28.3 feet tall.

41. *+b° =¢?
52 4% =(x+1)?
X2 4+25=x" +2x+1
25=2x+1
24 =2x
x=12
x+1=13
The wire is 13 feet long.

2. F+pr=c
152 +x2 = (x +4)°
x> +225=x%+8x+16
225=8x+16
209 = 8

x=26l
8

x-i—4=30l
8

The wire is 30% feet long.

43. Let x be the width.
a’ +b% =¢?
X2 +(2x)* = 647
X2 +4x? = 4096
5x% = 4096
2 = 309

5
_, [4096

x=t [——

5
x =~ 28.62 feet
2x = 57.24 feet

The distance along the length and width is about 28.62 + 57.24, or about 85.9 feet. A person could save 85.9 — 64, or
about 21.9 feet.
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44.

45.

46.

47.

Section P.8 Modeling with Equations

Let x be the width.

a>+b*=c?
X2 +(3x)? =922
x? +9x% =8464

10x? = 8464
x> =846.4
x =1/846.4
x=29.09 yd
3x=87.28 yd
The distance along the length and width is about 29.09 + 87.28, or about 116.4 yards. A person could save 116.4 — 92, or
about 24.4 yards.
The original amount of money per person. . . The new amount of money per person.
—_—— reduction per winner —_—
20,000,000 — 20,000,000
_— - 500,000 = _—
x+2
20,000,000 20,000,000

x(x+2) ~500,000 | = x(x+2)

X X
20,000,000(x +2) —500,000x(x + 2) = 20,000,000x
20,000,000x + 40,000,000 — 500, 000x — 1,000, 000x = 20,000, 000x
40,000,000 — 500,000x% —1,000,000x = 0
X2 +2x-80=0
(x+10)(x—8)=0
x+10=0 or x—8=0
x=-10 x=38
—10 must be rejected. There were 8 people in the original group.

480,000 1, (10— 480,000

430,000 4 180,000

X(r )| = -32,000 = x(rr ) ==
X+

X
480,000(x +4)—32,000x(x +4) = 480,000x
480,000 +1,920,000 —32,000x> —128,000x = 480,000x
1,920,000 —32,000x> —128,000x = 0
X2 +4x-60=0
(x+10)(x—6)=0
x+10=0 or x—6=0
x=-10 x=06
—10 must be rejected. There were 6 people in the original group.

Let x be the car’s average velocity.

car's time  bus's time
traveled traveled
—

——
300 _ 180

X x—=20
300(x —20) =180x
300x—6000 =180x
120x = 6000
x=50
x—20=30
The average velocity of the car is 50 miles per hour. The average velocity of the bus is 30 miles per hour.
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48.

49.

50.

51.

90

Let x be the passenger train’s average velocity.

freight train's
time traveled
——

——

240 160

X x—20
240(x—20) =160x
240x—-4800=160x

passenger train's
time traveled

80x = 4800
x =060
x—20=40

The average velocity of the passenger train is 60
miles per hour. The average velocity of the freight
train is 40 miles per hour.

Let x be the average velocity on the return trip.
5 N 5 7

x+9 x 6
6x(x+9)(i+§j=6x(x+9)Z
x+9 x 6
30x+30(x+9)=7x(x+9)

30x+30x +270 = 7x% +63x

0="7x%+3x-270
0= (x—6)(7x+45)

x—6=0 or 7x+45=0
x=6 45

7

4 . .
—75 must be rejected. The average velocity on the

return trip is 6 miles per hour.

Let x be the average velocity of the first engine.

140 200
—+—=9
x X+
140 200
—+ =9
X x+5
x(x+5) ﬂ+ 200 =9x(x+5)

X X+
140(x +5) + 200x = 9x(x +5)
140x + 700+ 200x = 9x2 +45x
0 =9x% —295x —700
0= (x—35)(9x—20)
x—35=0 or 9x+20=0
x=35 _20

x+5=40 5T

—? must be rejected. The average velocity of the

first engine is 35 miles per hour. The average
velocity of the second engine is 40 miles per hour.

Let x = number of hours
35x = labor cost

35x + 63 =448
35x =385
x=11

It took 11 hours.

52.

53.

54.

5S.

56.

57. -

61.

62.

63.

64.

Let x = number of hours
63x = labor cost
63x + 532 =1603
63x=1071
x=17
17 hours were required to repair the yacht.

Let x = inches over 5 feet

100 + 5x =135
5x =135
x=17

A height of 5 feet 7 inches corresponds to 135
pounds.

Let g = the gross amount of the paycheck

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

The gross amount of each paycheck is $1350.

Let x be the number of consecutive hits.
35+x

1

=0.30

40+ x
35+x=0.30(140+x)
354+x=42+0.30x
350+10x =420+3x

7x =170

x=10

You must get 10 consecutive hits to increase your
batting average to 0.30.

Let x be the number of consecutive hits.

30+x ~ 028
120+ x

30+x=0.28(120+x)

30+x=33.6+0.28x
3000+100x =3360+28x

72x =360
x=5

You must get 5 consecutive hits to increase your
batting average to 0.28.

60. Answers may vary.

does not make sense; Explanations will vary.
Sample explanation: Though mathematical models
can often provide excellent estimates about future
attitudes, they cannot guaranty perfect precision.

makes sense
does not make sense; Explanations will vary.
Sample explanation: The correct equation is

x—0.35x =780.

makes sense
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65.

66.

67.

68.

69.

Let x be the length of one leg.
a*+b* =c?
x? -i-(x+1)2 Z[IZ—x—(x+l)]2
x2 +xz+2x+1=[12—x—x—l]2

237 +2x+1=(11-2x)?

2x% +2x+1=121-44x + 4x>
0=2x —46x+120
0=x>—-23x+60
0=(x—3)(x—20)

=0 or x-20=0
=3 x=20
=4

12-(3+4)=5
20 must be rejected, as it is greater than the

perimeter.
The lengths of the sides are 3, 4, and 5.

Let x = original price
x — 0.4x = 0.6x = price after first reduction
0.6x — 0.4(0.6x) = price after second reduction
0.6x—-0.24x =72
0.36x=72
x =200
The original price was $200.

Let x = woman’s age
3x = Coburn’s age
3x +20=2(x+20)
3x+20=2x+40

x+20=40

x=20

Coburn is 60 years old the woman is
20 years old.

Let x = correct answers
26 — x = incorrect answers
8x—-5(26—x)=0

8x—130+5x=0

13x-130=0
13x =130
x=10

10 problems were solved correctly.

Let x = mother’s amount
2x =boy’s amount

x 1
— = girl’s amount
2
x+2x+§=l4,000

%x=14,000
x =$4,000

The mother received $4000, the boy received $8000,

and the girl received $2000.

70.

71.

72.

73.

74.

Section P.8 Modeling with Equations

Let x = the number of plants originally stolen

After passing the first security guard, the thief has:

xX— lx+2 =x—lx—2=lx—2
2 2 2

After passing the second security guard, the thief has:

1 lx—2
—x-2-|2 =
2 2 4

After passing the third security guard, the thief has:

1

—x-3
lx—3— 4 +2 :lx—Z
4 2 8 2

Thus, lx—Z =1
8 2

x—28=38
x=36
The thief stole 36 plants.

Answers may vary.

3-2x<11

3-2(-D <11

3+2<11
5<11, true

—1 is a solution.

-2x—-4=x+5
2x—x=5+4
-3x=9

The solution set is {-3}.

x+3 x-2 1
= + —

4 3 4
1o X3 g 222, 1
4 3 4
3(x+3)=4(x—-2)+3
3x+9=4x-8+3
3x+9=4x-5
3x-4x=-5-9
—x=-14
x=14
The solution set is {14}.
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Section P.9

Check Point Exercises

L oa  [-25={x-2<x<5}
L hY
T 4

-2 5

N ]
T -

35

-

b.  [1,3.5]={x[1<x<3.5}
1

c. (—oo,—l)z{x|x<—1}

AY

-

7
-1

4 | L I ] | | | | | | | 3
X | L 1 ] I I | | I I I r
2. a Graph L3761 5 % 4 5 6 7 8 9 10
Graph (2,6) 4 —F—t—t—4+—+——"1—"1—"~F—F—
PSS 1 2 3 04 5 6 7 8 9 10
To find the intersection, take the portion of the number line that the two graphs have in common.
Numbers in both 4 | | f ] | | | | | | Iy
[1,3]and (2,6): O 1 2 3 4 5§ 6 7 8 9 10
Thus, [1,3] N (2,6) =(2,3].
Graph [1.3] ——F——+—+—+—+—+—+—+—+—
b. wh 135707 2 3 4 5 6 7 8 9 10
Graph (2,6) 4+ —F—t—Ft—F+—+——"1—"1—"~F—"F—
rapRA5) 1 2 32 4 5 6 7 8 9 10

To find the union, take the portion of the number line representing the total collection of numbers in
the two graphs.

Numbers in either[1,3] 4 ——— — |
or(26)orboth: 0 1 2 3 4 5 6 7 8 9 10
Thus, [1,3] U (2,6) =[1,6).

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

The solution set is {x|x 2 —1} or [—1,00) .

T
-1

4. 3x+1>7x-15
—4x>-16
—-4x 16
_<_
4 4
x<4
The solution set is {x|x <4} or (-e,4).
- h >

7
4
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x4, x-2.5
2 T 3 6

CREE

2 3 6
3(x—4)=2(x-2)+5
3x—122>22x—-4+5
3x—-1222x+1
3x-2x2>21+12

x=>13

The solution set is {x|x>13} or [13,e).

L

1L3
1<2x+3<11
-2<2x<8
-1<x<4

The solution set is {x|-1<x <4} or [-1,4).

L AY

T 7

-1 4

|x—2|<5
-S5<x-2<5
3<x<7

The solution set is {x|-3 < x <7} or (-3,7).

L AY

Y 4
-3 7

-3|5x-2[+20>-19

-3|5x-2[2-39
—3|5x-2] 39
-3 -3
|5x—2/<13
-13<5x-2<13
-11<5x<15
“oesx 15
57575
-——<x<3

The solution set is {x

-

—ESxS3 or [—2,3]
5 5

Section P.9 Linear Inequalities and Absolute Value Inequalities
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9. 18<|6-3x
6-3x<-18  6-3x>18
-3x<-24 =3x>12
—3x _ 24 3x 12
-3 3 -3 3
x>8 x<—4

The solution set is {x|x <-4 orx> 8}

or (—eo,—4) U (8,00).

L
\
-4 8

>

10. Letx = the number of miles driven in a week.
260<80+0.25x

180 < 0.25x

720 < x
Driving more than 720 miles in a week makes Basic the better deal.

Concept and Vocabulary Check P.9

1. 2;5;2;5

2.  greater than

3.  less than or equal to

4. (—=0,9); intersection

5.  (—o0,12); union

6. adding 4; dividing; -3 ; direction; >; <
7. middle

8. —;c

9. —;c

10, 2<x-7<2

11. x-7<-2o0r =-7>2

Exercise Set P.9

1. 1<x<6

L Y
AN 1
1 6

2 -2<x<4
L 3
< £ ]
-2 4

3. 5=<x<2
L N
-« . ”
-5 2
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10.

11.

12.

13.

14.

15.

16.

Section P.9 Linear Inequalities and Absolute Value Inequalities

4 <x<3
< F 3
-4 3
3<x<1
S 3 1
2<x<5
S 2 5
x>2
€
2
x>3
< €
3
x>-3
-3
x>-5
-3
x<3
3
3
x<2
3
2
x<5.5
vi
55
x< 3.5
35
G h(—30)'1 I I { : : } I I I I I b
A=Y 5 4 4 2 a1 0 1 2 3 4 5
T T R s v e IR A
EpRThAl g 4 a2 2 1 01 2 03 4 5

To find the intersection, take the portion of the number line that the two graphs have in common.

Numbers in both 4| I | | | Y | | l | L
4 f 1 f f 1 f | —

I I T
(-3,0)and [-1,2]: -5 4 3 -2 -1 0 1 2 3 4 5
Thus, (-3,0) N [-1,2] =[-1,0).

Graph (—4.0) - +—F+—F—+—+—+——+—+——+—+—+—+
raph (~4,0): 5 4 3 2 1 0 1 2 3 4 5
RS s 4 3 2 01 001 2 03 4 5

To find the intersection, take the portion of the number line that the two graphs have in common.

Numbers in both 4| | | L I i | | l | [
b I T | | I | | L4

(-4,0)and [-2,1]: -5 4 3 2 1 0 1 2 3 4 5
Thus, (—4,0) N [-2.1] =[-2,0).
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d | | L | 1 i | | | | | Y
_ Bl | | 1 I I T | | | | | L4

17. Graph (=3.0): 4" 37 27 1 0 1 2 3 4 &
Graph [1,2] 4—F——+——f———t————

Aph=hel g 4 03 2 01 0 1 2 3 4 5

To find the union, take the portion of the number line representing the total collection of numbers in
the two graphs.

Numbers in either(—3,0) 4 | | i | | | | i | | I I N
h I I Ly 1 1 1 1 J I I I F

or [—1,2] orboth: 5 4 3 2 1 0o 1 2 3 4 &5

Thus, (-3,0) U[-12] =(-3,2].

Graph (—4.0) - +—1+—F—+—+—+——F+——+—+—+—+—

18. aph (40)" 2T 2 5 1 0 1 2 3 4 5
Graph [-2 1].4 ——t—f—t———t—————>

=Sl s 04 032 2 1 0 1 2 3 4 5

To find the union, take the portion of the number line representing the total collection of numbers in
the two graphs.

Numbers in either (—4, 0) p I i | | ] | | | | | | N
bl I T T T T T 1| I I I I L
or[-21]orboth: 5 -4 3 2 1 0 1 2 3 4 5
Thus, (—4,0) U [-2,1] =(-4.1].
Granh (oo, 54—
19. wph (==5) 00T 2 3 4 5 6 7 8 9 10
b [18] ——F——t————t————
Graph [L8] 41 3 3 4 5 6 7 8 9 10
To find the intersection, take the portion of the number line that the two graphs have in common.
Numbers in both 4 | [ | | e} | | | | —»
(weo,5)and [1,8]: 0 1 2 3 4 5 6 7 & 9 10
Thus, (—,5) N[1,8] =[1,5).
Graph (—so.6) 4~ H———————+——+—+—>
20. ph (==6) T 3 3 4 5 6 7 8 9 10
b [2,9] +—F———————————
Graph [29] 5747173 3 4 5 6 7 8 & 10
To find the intersection, take the portion of the number line that the two graphs have in common.

Numbers in both 4 | L I I I i | | [
T T T v I I I L

—— I
(wo,6)and [29]: D 1 2 3 4 5 6 7 8 9 10
Thus, (—e°,6) N[2,9] =[2.6).

21. Graph (—o,5) 4

al | | | 1 i | | | |
Al 1 1 1 I F I I I I
o 1 2 3 4 5 6 7 8 9 10
| L I I I I I ] 1 |
| L 1 1 1 1 1 T 1 I
o 1 2 3 4 5 6 T 8 9 10
To find the union, take the portion of the number line representing the total collection of numbers in
the two graphs.

Numbers in either ( —o0,5 )

Graph [1,8] A

4 d - q q 4 ] 1 |
R L L L L L L

| ] l
or [1,8] or both: 0 1 2 3 4 5 6 7 8 9 10
Thus, (—e°,5) U [1,8] =(—<s,8].
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22,

23.

24,

25.

26.

Section P.9 Linear Inequalities and Absolute Value Inequalities

d FHl 1 | | | | i | | | | b
—o0 o LI 1 I I I I ¥ | | | | ¥
Graph (~=.6)" 0™ 1~ 3 T 4 5 & 7 & 9 10
b [2.0] —F—+—F——————+——+—
Graph [29]:" 0" 1 E~ 2 & £ 6 7 & 5 10

To find the union, take the portion of the number line representing the total collection of numbers in
the two graphs.

Numbers in either (—00,6) il ] | | | | | | | i | l N
L 1 1 1 1 1 1 1 1 J I F
or[29] orboth: O 1 2 3 4 5 6 7 8 9 10
Thus, (—,6) U[2,9] =(—=,9].
Graph [3.00) ———F—F———————
wph3=)5707 12 5 4 5 6 7 8 8 10
i | | | | | | L I ! I Ll &
o) ¥ ! ! ! ! ! ! L 1 1 1 re F
Graph (62): 071 2 3 4 5 6 7 8 9 10
To find the intersection, take the portion of the number line that the two graphs have in common.

Numbers in both 4 | | | | | | Ly

I I I 1 e F

I I I { :
[3,)and (6,¢): ©O 1 2 3 4 S5 6 7 & 9 10
Thus, [3,00) N (6,<><>) =(6,oo).

d 1 | | | | L b
Graph [2,e0) :* 2 4 s 8 7 8 TP
| { | | |
I 1 1 1 1

| o b
I'F Ld

| |
1 T
o 1
| |
T T
o 1

b b

Graph (4,e0):" 5 4 5 & 7 8

|
1
I
To find the intersection, take the portion of the number line that the two graphs have in common.

Numbers in both 4 | | | i | | |
— T T T Ly ] ! !

]
[2,0)and (4,¢): O 1 2 3 4 5 6 7 § 9 10
Thus, [2,00) N (4,00) = 4,<><>).

d | | | | | | b B
Graph [3,e0) :" b1 = T s TF—F
| | | ] |
I I I I I

| & B
I e F
o 1 2 4 5 & T & 9 10
To find the union, take the portion of the number line representing the total collection of numbers in
the two graphs.

Numbers in either 3, ) ——

W W

]
1

fi
L
L

Graph (6,00) ¢

[ ] ] ] I ] ] e &
or(6)orbot: 0 1 2 3 4 5 6 7 8 9 10
Thus, [3,e0) U (6,e0) =[3,0).
— b
Graph [2,e0): LA T
| | | |
I I I I

| | | 1 | |

1 1 1 I 1 1

4 5 6 T 8 9 10
L | | | | | &

LY 1 1 1 1 1 ¥ L4

o 1 2 3 4 5 6 7 88 9 10

To find the union, take the portion of the number line representing the total collection of numbers in
the two graphs.

Graph (4,00) ¢

Numbers in either [2,0)

+ I I [ ! ! ! ! ! !
or (4,0) or both: 0o 1 2

Thus, [2,00) U (4,%0) =[2,%) .
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27. Sx+11<26
S5x <15
x<3
The solution set is {x|x <3}, or (~, 3).
AY

) >
3
28. 2x+5<17
2x <12
x<6

The solution set is {x| x< 6} or (-0, 6).
AY

) >
6
29. 3x-7=213
3x>20
xzﬁ

The solution set is {x

20 {20 j
X>—p, OF | —, 00|,
3 3

20
3
30. 8x-2>14
8x>16
x>2

The solution set is {x| x> 2} or [2,0).

L

L

2

31. 9x>36
x<-4

The solution set is {x|x <—4], or (—eo,—4].

b

4
32, 5x< 30
x>-6
The solution set is {x|x>-6] or [-6,e0).

L
-6

33. 8&x—-11<3x-13
8x—-3x<-13+11
S5x <=2

x<——

The solution set is {x

xs—z , or (—oo,—g]
5 5

DALSE 5
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34.

35.

36.

37.

38.

39.

Section P.9 Linear Inequalities and Absolute Value Inequalities

18x+45< 12x -8
18x—12x<-8— 45
6x < 53

x<-=

The solution set is {x

x < —5—3 or (—00,—2}.
6 6

Ax+1)+2>3x+6
4x+4+2>3x+6

dx+6=>3x+6

4x-3x>6-6

x>0

The solution set is {x|x >0}, or [0, ©).

L

L

0

x+3>32x+1)+x+5
8x+3>6x+3+x+5

8x+3>Tx+8

&qx—-Tx>8-3

x>5

The solution set is {x|x>5] or (5, ).

< ré >
T
5

- 11<—3(x+2)

2x—11<-3x-6

5x<5

x<l1

The solution set is {x| x <1}, or (o0, 1).
AY

yJ >

1

4(x+2)>3x+20

—4x—-8>3x+20

—7x>28

x<-4

The solution set is {x|x <—4] or (—o0, —4).
)
24

>

1= (x+3)>4—2x
1-x-3>4-2x

—~x—-2>4-2x

x>6

The solution set is {x| x> 6}, or [6, »).

L

L

6
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40. 53-x)< 3x—1
15-5x< 3x—-1
—8x < -16
x>2
The solution set is {x| x> 2} or [2, o).

L
T

2

41. X 3 x4
4 272
Ax_43_4x_ .4
4 2

X—6<2x+4
-x<10
x=-10
The solution set is {x|x >-10}, or [-10, e).

L

T
-10

42. 3x >1 X

=+
10 5 10

10(3—x+1)210(1—i)

10 5 10

3x+10>22—-x

4x > -8

x=>-2

The solution set is {x|x>-2] or [-2,e).

L
T

-2

43. 1-X>4
2

x<-6

The solution set is {x| x,—6}, or (—eo, —6).
AY

> o

7
-6
4. T-—x<-=
x>38

The solution set is {x| x> 8} or (8, ).

-

<
8
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x-4_x-2 5
R T
3x—4)2 2(x—2)+5
3x-1222x-4+5
x213
The solution set is {x|x =13}, or [13,00).

L

13
46. 4x-3 2x—1
6 12
2(4x-3)+2422x-1
8x—6+24>2x-1
6x+18>-1
6x=>-19
19

xX2—-——
6

xZ__lg or |:ﬁ’ooj
6 6

The solution set is {x

47. 3[3(x+5)+8x+7]+5[3(x—6)—2(3x - 5)] < 2(4x +3)
3[3x+15+8x+7]+5[3x—18—6x+10] < 8x+6
3[11x +22]+ 5[-3x —8] < 8x+6
33x+66—-15x-40<8x+6
18x+26<8x+6
10x <20
x<-=2

The solution set is {x|x <-2} or [—e0,-2).

e 0 S . R B

48. 5[3(2-3x)-2(5-x)]-6[5(x—2)—2(4x-3)] <3x+19
5[6—9x—10+2x]-6[5x—10—8x+ 6] <3x+19
5[—7x—4]—6[—3x—4]<3x+19
—35x—-20+18x+24<3x+19
—17x+4<3x+19

—20x<15

-20x _ 15

20~ 20

3
x>—=
4
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49, 6<x+3<8 58. <5
6-3<x+3-3<8-3 —5<x<5
3<x<5 The solution set is {x|-5<x <5} or (-5, 5).
The solution set is {x|3<x <5}, or (3, 5).
59. x-1]<2
50. 7<x+5<11 2<x-1<2
7-5<x+5-5<11-5 -1<x<3
2<x<6 The solution set is {x|-1<x<3}, or[-1, 3].
The solution set is {x|2 < x <6} or (2,6).
60. |x+3|<4
4<x+3<4
51. 3<x-2<1 DR

-1<x<3

. . e < 3
The solution set is {x| -1<x< 3}, or [-1, 3). The solution set is {x| Texs 1} or[=7. 11

61. [2x—-6]<8
52. 6<x-4<1 -8<2x—-6<8
—2<x<5 2<2x<14
The solution set is {x|—2 < x <5} or (-2, 5]. 1<x<7

The solution set is {x| —l<x< 7}, or (-1, 7).
53, -11<2x-1<-5

“l0<2x=—4 62. [3x+5|<17
S<x<-2

o = 17<3x+5<17
The solution set is {x|-5<x<-2}, or 53 <3y <12
(=5,-2].

The solution set is {x|—£<x<4} or (—2, 4)
54, 3<4x-3<19 3 3

6< 4x<22 63. [2(x—1)+4|<8
6,2 8<2(x—1)+4<8
4 4 _8<2x-2+4<8
3.1 _8<2x+2<8
25y _10<2x<6
-5<x<3
. . 3 11 311
The solution set is §x ESX<? o5 ) The solution set is {x|-5<x<3]}, or [-5,3].
5 64. [3(x—1)+2/<20
55, 3<Zx_5<-1 20< 3(x—1)+2<20
3 20<3x—1<20
2S§x<4 _19<3x<21
—ESXS7

3<x<6

The solution set is {x| 3<x< 6}, or [3, 6).
The solution set is {x

—QSXS7 or [—2,7}.
3 3

56. —6S%x—4<—3

2
1 65. ‘—y+6<2
—2S5.X'<1 3
—4<x<2 —2<%<2
The solution set is {x|—42x<2} or [—4,2). 6<2y+6<6
-12<2y<0
57. |.X'|<3 6<y<0
-3<x<3 g

The soluti t i - 0 -6, 0).
The solution set is {x|—3<x<3}, or (-3, 3). © sotution setis {x| 6<y< }’ or (-6, 0)
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67.

68.

69.

70.

71.

Section P.9 Linear Inequalities and Absolute Value Inequalities

-6<

3 —
(x 1)<6
4

24<3x-3<24
21 <3x<27
-7<x<9

The solution set is {x| -7 <x <9} or (-7,9).

>3
x>3o0rx<-3

The solution set is {x| x>3orx< —3}, that is, 73.

(—e0,=3) or (3,e0).

|x| >5
x>5o0rx<-5

The solution set is{*| * <=5 orx > 5}, that is,
all x in (—eo,—5) or (5,e0).

x—1]>2
x—=122 or x-1<-=2
x23 x<-1

74.

The solution set is {x| x<-lorx2 3}, that is,

(—oo,—1] or [3,00).

x+3]>4
x+324 or x+3<-4
x2>1 x< -7

The solution set is {x|x< -7 orx>1} thatis,

(—o0,=7) or (1,00).

|3x—8|>7
3x—8>7 or 3x-8<-7 75.
3x>15 3x<1
x>5 x<l
3

The solution set is {x

1 .
x<§ orx>5}, that is,

Copyright © 2018 Pearson Education, Inc.

72.

|5x— 2|>13
5x—2>13 or 5x-2<-13
5x>15 Sx<-11
x>3 x<—E

5

The solution set is {x

x<_—11 orx>3¢,
5

that is, all x in (_m’—?llj or (3,00)

2x+2 59
4
2x+222 or 2x+2£_2
4
2x+22>8 2x+2<-8
2x 26 2x<-10
x2>3 x<-=5

The solution set is {x| x<-=5o0rx= 3}, that is,

(—e0,=5] or [3,00).

3x-3 >1
9
3)6—321 or 3x—3£_1
9
3x-329 3x-3<-9
3x2>212 3x<-6
x4 x<=2

The solution set is {x| x<—2orx> 4},

or (—eo,—2] or [4,e).

‘S—Ex >5
3

3—£x>5 or 3—£x<—5
3 3

x<-3 x>12
The solution set is {x|x <—3 orx>12}, that is,

(o0, =3) or (12, ¢0).
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76.

77.

78.

79.

104

‘3—§x >9
4

3—§x>9 or 3—§x<—9
4 4

—§x>6 —3x<—12
4 4

x>16
{x|x<—8 0rx>16}, that is all x in

(—o0,—8) or (16,00).

x<-8

3x—1]+2>8
3x—1/>6

x—1/=2

x—=122 or x—-1<=2
x2>3 x<-1

The solution set is {x| x<lorx=> 3}, that is,

(—e0,—1] or [3,0) .

5[2x+1]-329
5[2x+1)212
px+q213
5
2x+122 2x+1£—2
5 5
2x2Z or 2x£—1—7
5 5
xX=— xS—H
10 10
The solution set is < x xS—1—7 orle .
10 10
—2|x-4=-4
—ﬂx—4|gzi
-2 -2
|x—4|<2
2<x-4<2
2<x<6

The solution set is {x|2 <x< 6}.

80.

81.

82.

83.

84.

=3|x+7]2-27
=3|x+7| 2
-3 -3
|x+7|<9
—9<x+7<9
-16<x<2

The solution set is {x|—16 <x< 2}.

—4[1-x <-16
—41-x| -16
—>_
—4 -4
[1-x|>4
I-x>4 I-x<—4
-x>3 or —x<-5
x<-3 x>5

The solution set is {x| x<-3orx> 5}.

—2|5—x|<—6
—2|5—x| <-6
—2|5—x| -6
—>_
-2 -2
|5—x| >3
5-x>3 5-x<-3
—-x>-2 or —x<-8
x<2 x>8

The solution set is {x| x<2orx> 8}.

3<)2x 1|

2x—-123 2x—-1<-3
2x>4 or 2x <=2
x=2 x<-1

The solution set is {x| x<-lorx2 2}.

9<|4x+7|
+T29 o0 4x47<-9
4xz2 4x<-16
xzz x<-4

4

le

2

The solution set is {x

Copyright © 2018 Pearson Education, Inc.
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85.

86.

87.

88.

5 >|4—x| is equivalent to |4—x| <5.
—5<4-x<5
-9<-x<l1

9>x>-1
-1<x<9
The solution set is {x|—1 <x< 9}.

2>|11-x| is equivalent to [11-x[<2.

2<1l-x<2
-13<—x<-9
-13 —-x -9
_>_ RN
-1 -1 -1
13>x>9
9<x<13

The solution set is {x| 9<x< 13}.

1< |2—3x| is equivalent to |2—3x| >1.

2-3x>1

2-3x<-1

:;’;‘ > :11 R
=<3 Bx 3
3 3

x<— x>1

The solution set is {x

4< |2—x| is equivalent to |2—x| >4.

2—-x>4 or 2—x<-4

—x>2 —-x<—-6
-x 2 -x -6
-1 -1 -1 -1
x<-2 x>6

The solution set is {x| x<-2orx> 6}.

1
x<—orx>1;.
3

Section P.9 Linear Inequalities and Absolute Value Inequalities

90.

91.

12<—Qx+§4~—
7
g< —2x+é
7 7
—2x+é>ﬂ or —2x+E<—E
7 7 7
—2x>E —2x<—g
7 7
X< —— x>—
14 14

The solution set is {x

Since

xX—— >—i is true for all x,
3 3

the solution set is {x| x is any real number}

or (—oo, o).
4+3-2

:
3

29

=5

3—225 or 3—£S—5
3 3

Y X<y
3 3
x<—6 x=24

The solution set is {x| x<—6orx> 24}, that is,

(—e0,—6] or [24,00).

Copyright © 2018 Pearson Education, Inc.
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92, P—f—lsl

2

, X
2

<2

2<2-%<2
2

4<-2<o0
2

82x20
The solution set is {x|0<x <8} or [0,8].

93. y=4

I-(x+3)+2x>4
1-x-3+2x2>4
x—224

x26

The solution set is [6,).

94, y<0

2x—=11+3(x+2)<0
2x—-1143x+6<0
5x-5<0

5x<5

x<1

The solution set is (—eo,1].
9s. y<4
7-12+2/<4

2

—Z42<-3
2

X iol>3
2

Xi2>3 Yi2<3
2 or 2

x+42>6 x+4<-6
x=>2 x<-10

The solution set is (—eo,~10]U[2,00).

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

y26

8—|5x+3|26
—[5x+3|2-2
(3= =(2)
|5x+3|<2
—2<5x+3<2
—-5<5x<-1
Dex
5755

—1<x<——
. . 1
The solution set is {—1, —g}

Let x be the number.
|4=3x25 or |3x—4}=5

3x-42>5 3x—4<-5
3x29 or 3x<-1
x23
X< ——

. . 1
The solution set is {x |x < -3 orx 3} or

(=t

Let x be the number.
|5—4x<13 or |4x-5K13

—-13<4x-5<13
—8<4x<18

—ZSxSE

The solution set is {x |2<x< %} or [—2,—3} .

(0.4)
[0.5]

passion < intimacy or intimacy = passion

commitment > intimacy or
intimacy < commitment

passion<commitment or
commitment > passion

commitment > passion or
passion < commitment

9, after 3 years

106 Copyright © 2018 Pearson Education, Inc.



106. after approximately 57 years

107. a.

108. a.

I=%x+26
%x+26>33
1
Zx>7
x>28

More than 33% of U.S. households will have an
interfaith marriage in years after 2016 (i.e.
1988 +28).

_1
N = Zx +6
1
Tx+6>14
%x>8
x>32
More than 14% of U.S. households will have a

person of faith married to someone with no
religion in years after 2020 (i.e. 1988+32).

More than 33% of U.S. households will have an
interfaith marriage and more than 14% of U.S.
households will have a person of faith married to
someone with no religion in years after 2020.

. More than 33% of U.S. households will have an

interfaith marriage or more than 14% of U.S.
households will have a person of faith married to
someone with no religion in years after 2016.

1= %x +26
%x +26>34
1
E.X >8
x>32
More than 34% of U.S. households will have an

interfaith marriage in years after 2020 (i.e.
1988 +32).

1
. N—zx+6

1
Y x+6>15
1
Ex >9
x>36
More than 15% of U.S. households will have a

person of faith married to someone with no
religion in years after 2024 (i.e. 1988+36).

More than 34% of U.S. households will have an
interfaith marriage and more than 15% of U.S.
households will have a person of faith married to
someone with no religion in years after 2024.

Copyright © 2018 Pearson Education, Inc.
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109.

110.

111.

112.

113.

d. More than 34% of U.S. households will have an
interfaith marriage or more than 15% of U.S.
households will have a person of faith married to
someone with no religion in years after 2020.

15 sg(F—32) <35
E(F —32)) <—(35)

9
9(3)< F-32<9(7)
27<F-32<63

59<F <95
The range for Fahrenheit temperatures is 59°F to

95°F , inclusive or[59°F,95°F].

O

2015)<2

W | \O
VR

W

41S%C+32S50

41-32 S%C+32—32S50—32

9S2C318
5 5(9 5
—(9)<—| =C |£=(18
0)<3(2 j (19)
5£C<10

The range for Celsius temperatures is 5°C to 10°C,
inclusive or [SOC,IOOC].

‘h—SO >1.645
h_5021.645 h_SOS—1.645
h—50>8225 h—50<-8.225
h>58.225 h<41.775

The number of outcomes would be 59 or more, or 41
or less.

50 +0.20x <20 + 0.50x

30<0.3x

100< x
Basic Rental is a better deal when driving more than
100 miles per day.

15+0.08x <3+.12x
12 < 0.04x

300 < x
Plan A is a better deal when texting more than 300
times per month.
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114.

115.

116.

117.

118.

119.

120.

1800 + 0.03x <200 + 0.08x
1600 < 0.05x
32000 <x

A home assessment of greater than $32,000 would

make the first bill a better deal.

2+0.08x <8+0.05x
0.03x<6

x <200
The credit union is a better deal when writing
less than 200 checks.

2x >10,000+0.40x
1.6x >10,000
1.6x _ 10,000
_—>
1.6 1.6
x> 6250
More than 6250 tapes need to be sold a week

to make a profit.
3000+ 3x <5.5x

3000 < 2.5x

1200 < x
More then 1200 packets of stationary need to
be sold each week to make a profit.

265+ 65x <2800
65x <2535

x<39
39 bags or fewer can be lifted safely.
245+95x <3000

95x <2755

x<29
29 bags or less can be lifted safely.

Let x = the grade on the final exam.
86+88+92+84+x+x

6
86+88+92+84+x+x=>540

2x+350=540
2x 2190

x =95
You must receive at least a 95% to earn an A.

=90

121, 2. S0E88FTL 4
3
174+ x > 90
3
174+ x 2270
x2>96
You must get at least a 96.
108

122.

123.

124.

132.

133.

134.

135.

136.

137.

138.

86+88+x
— <
3
174+ x
3
174+ x < 240

X <66
This will happen if you get a grade less than 66.

80

<80

Let x = the number of hours the mechanic works on
the car.
226<175+34x <294
51<34x <119
1.5<x<35
The man will be working on the job at least 1.5 and at
most 3.5 hours.

Let x = the number of times the bridge is crossed per
three month period
The cost with the 3-month pass is C, =7.50+0.50x.

The cost with the 6-month pass is C, = 30.
Because we need to buy two 3-month passes per 6-
month pass, we multiply the cost with the 3-month
pass by 2.
2(7.50+0.50x) < 30

15+x<30

x<15
We also must consider the cost without purchasing a
pass. We need this cost to be less than the cost with a
3-month pass.
3x>7.50+0.50x

2.50x >7.50

x>3
The 3-month pass is the best deal when making more
than 3 but less than 15 crossings per 3-month period.

—131. Answers will vary.
makes sense
makes sense
makes sense
makes sense
true

false; Changes to make the statement true will vary.
A sample change is: (—00,3) u(—oo,—Z) = (—00,3)

false; Changes to make the statement true will vary.
A sample change is: 3x > 6 is equivalent to x > 2.
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139. true

140. Because x >y, y — x represents a negative number.

When both sides are multiplied by
(y — x) the inequality must be reversed.

14l.a. |x—4]<3

b. |x—4[23

142. Answers will vary.

143. y=4—x

x| y=4-—x

3 14-(-3)=7
-2 |4-(-2)=6
-1]{4-(-D=5
0] 4-(0)=4
1| 4-D=3
21 4-(2)=2
3] 4-(3)=1

144. y=4—x?

X y=4—x2
-3 4-(=3)* =-5
2| 4-(2)%=0
—1| 4-(-1)?=3
0| 4-(07>=4
1| 4-1)*=3
2| 4-2%=0
3| 4-(3)?=-5

145. y=|x+]|

X y=|x+1|
—4 | |-4+1]=3
=3 ||-3+1]=2
=2 | |2+ =1
-1 ||-1+1]=0
0 | |o+1]=1
1+1)=2
2 | [2+1=3

Chapter P Review Exercises

Chapter P Review Exercises

3+6(x—2)° =3+6(4-2)
=3+6(2)°
=3+6(8)
=3+48
=51
X% =5(x—y) =6 —5(6-2)
=36-5(4)
=36-20
=16
S=0.015x% +x+10
S =0.015(60)> +(60)+10
=0.015(3600)+ 60 +10
=54+60+10
=124
A={a,b,c} B={a,cd,e}

{a,b,c}N{a,c,d, e} ={a,c}

A ={a,b,c} B ={a,c,d,e}
{a,b,c}U{a,c,d, e} ={a,b,c,d,e}

A={a,b,c} C={ad,f,g}
{a,b,c}U{a.d, [, g} ={a,b,c.d, [, g}

A={a,b,c} C={a.d,f,g}
{a.d,f.g}N{a,b,c} ={a}

a. 81
b. 0,481
c. —17,0,/81

d. —17,—2,0,0.75,&
13
e. \/5,71’
—17,—%,0, 0.75,/2,7,/81

|-103| =103

10. \\/5—1\=«/§—1
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11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

110

‘S—Jﬁ‘ =17 -3 since /17 is greater than 3.
|4—(-17)| = |4+17|=|21] =21

3+17=17+3;
commutative property of addition.

(6-3):9=6-(3-9);
associative property of multiplication.

VB3R5 +43)=15+3;

distributive property of multiplication over addition.

(6-9)-2=2-(6-9);
commutative property of multiplication.

5 +3) = (V5 +3)43;

commutative property of multiplication.

B ND+@E-T)=4-7+3-7);
commutative property of addition.

52x-3)+7x=10x-15+7x=17x-15
é(Sx)+[(3y)+(—3y)]—(—x) = x+[0]+x =2x

34y-5)—-(Ty+2)=12y-15-Ty-2=5y-17

8—2[3—(5x—1)]=8-2[3-5x+1]

=8-2[4-5x]
=8-8+10x
=10x

D =0.005x% +0.55x +34
D =0.005(30)° +0.55(30) + 34
55

The U.S. diversity index was 55% in 2010.
This is the same as the value displayed in the bar
graph.

(-3)°(-2)* = (-27)-(4) =108

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

5355351 _ 53+ _ 52 _1_1

52 25
P 36 .3 1 1
=3 =37 =—=_—
36 33 27
2x**) =2 )’ ()’
= (<2)3x43)33
- _8x12) 9

(=53 y?)(=2x"y72)
=(=5)(- 2 x My

—10- 5371122
—10x_8 0
xS

eyt =)ty
— 2—4 x—12
_ 1
- 24)612

16x'2

3.74x10* =37,400
7.45%107> =0.0000745
3,590,000 = 3.59x10°

0.00725 = 7.25x107>

(3x10%)(1.3x10%) = (3x1.3)x (10> x10?)

=3.9x10°
=390,000

3x1072
023

6.9%10° (
3x10°
2.
0.

1.35%x10'2
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39.

40.

41.

42,

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

32,000,000 =3.2x10’

53.
12 12
13531077 135 107 ) 42188x10° = 42,188
32x107 32 107
1.35x10' seconds is approximately 42,188 years.
V300 =4/100-3 = 100 /3 = 1043
54.
Vi12x? =4x? -3 =4x? B =2|x[3
55.
J10x -2x =v20x?
56.
=V4x> 5
:2xx/§
57.
Vi =P e =i «
121 _ 121 11
4 J4 2 59.
V96x° _ |96 60.
2x 2x
=+/48x2 61.
:\j16x2-\/§
=4x\3
75 +1345 = (7+13)/5 = 2045
62.
250 +3v8 =24/25-2 +3V4 2
=2.5J2+3:242
=102 +6v2 6
=162 :
472 - 2/48 = 44362 - 24/16-3 64.
=4.6J2-2-43
=24V2-8\3
65.
30 _30 V5 _30V5 (=
NCRRNCINC I 66.
V2 V23 e
V33 67.
5. 5 683 .
6+vV3 6+3 6-3 )
_5(6—+3)
36-3
_5(6-3) 69
33

Chapter P Review Exercises

14 14 1445
NN NN N PN
147 +45)
75
_ 147 +45)

2
=77 +/5)
Y25 =5
J-32==2

m is not a real number.
Jios)* = 9625 = ¥5* =5
Wi=3273-Y77 =35

¥5-410 =480 =16-5 =16 - Y5 =2¥5

4316 +532=438-2+52
=4-232+532

=832 +532
=1332

Pax® _320° i
6x l6x

162 =16 =4
_ 1 1 1
21 _ 1 _1

12513 =3N125 =5

1
a7 3

31
27 _271/3

64*1 = Al64)* = 4% =16

1 1 1

277413 _ __ b _ 1
27%3 7 37t 3
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0. 15x° _(15 B2 _ 5 174
5x1/2 5

71, (125-x%)23 = A125x0)?
= (5x%)?
=25x*

7. \/7 AW =y3Ve_ 2y

73, (=6x° +7x> —=9x+3)+(14x> +3x% —11x—7) = (=6x> +14x>) + (7x° +3x%) +(-9x—11x) + (3= 7)
=8x> +10x% —20x—4
The degree is 3.

74, (13x* =8x7 +2x2) = (5x* = 3% + 257 —6) = (13x* = 8% +2x%) + (=5x* +3x3 = 2x% +6)
= (13x* =53 + (8% +3x%) + (2x% —2x2)+ 6
=8x*—5x° +6

The degree is 4.

75.  (3x—2)(4x% +3x—35) = (3x)(4x2) + (3x)(3x) + (3x)(=5) + (=2)(4x?) + (=2)(3x) + (=2)(=5)
=12x° +9x% —15x—8x% —6x+10
=12x° +x2 = 21x+10

76.  (3x—3)(2x+1)=(3x)(2x) + (3x)(1) +(=5)(2x) + (=5)(1)
=6x% +3x—10x—5
=6x>—7x=5

77, (4x+5)4x—5)=(4x*)-5> =16x* —25

78, (2x+5)% =(2x)% +2(2x)-5+ 5% = 4x? +20x +25

79.  (3x—4)? =(3x)> —2(3x)-4+(-4)*> =9x? —24x+16

80. (2x+1)° =(2x)° +32x)2 (1) +32x)(1)* +1° =8x +12x% +6x+1

81. (5x—2)° =(5x)° —=3(5x)?(2) +3(5x)(2)* =2 =125x° ~150x° + 60x -8

82, (7x2 —8xy+ 1) +(—8x> —9xp—4y?) = (7x> —8x%) + (-8xy — 9xp) + (1> —4)?)
=—x? —17xy—3y2
The degree is 2.

83. (13x3y —5x y- 9x) (- 11x3y2 6x y+3x —4)
= xy—xy x“)+ xy+xy x+
=13 5 9x?) (11 32 46 3 4)
—(l3x3y +llx y )+( 5x2 y+6x )+ (- —9x% —3x2 )+4
=24xy +x? y— 12x% +4
The degree is 5.
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84.

8s.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

(x+7y)Bx=5y) = x(3x) + (x)(=5y) + (7y)3x) + (Ty)(=5y)
=3x? —5xy+21xy—35y2
=3x2 +16xy - 357

(Bx=5y)% = (3x) —2(3x)(57) + (-57)*
=9x? - 30xy + 25y2

(Bx? +2)? = (3x?)? +23x)(2y) + (2y)?
=9x* +12x2y+4y2

(Tx+4y)(Tx—4y) = (7x)> - (4y)
=49x% —16y°

(a—b)(a® +ab+b*)
=a(a®)+a(ab)+a(b>) +(=b)(a?)
+(=b)(ab) + (-b)(b°)

=a® +a*b+ab® —a*b—ab® - b
-

15 +3x% =3x2 - 5x+3x% -1
=3x2(5x+1)

X2 —11x+28=(x—4)(x—7)
15x2 —x=2=Bx+1)(5x - 2)
64—x? =82 —x? = (8—x)(8+x)
x? +16 is prime.

3x% —9x3 —30x% =3x%(x* —3x-10)
=3x2(x=5)(x+2)

20x” =36x° = 4x3(5x* -9)

X =3x% —9x 427 =x* (x—3)-9(x—3)
=(x” =9)(x=3)
=(x+3)(x—-3)(x—3)
= (x+3)(x—3)?

16x% —40x +25 = (4x —5)(4x —5)
= (4x-5)°

xt-16=(x?) - 42
= (x> +4)(x> - 4)
= (x> +4)(x+2)(x - 2)

Copyright © 2018 Pearson Education, Inc.
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99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

114

¥y =8=y" -2 =(y-2)()* +2y+4)
C464=x>+4 =(x+4)(x* —4x+16)

3xt —12x% =322 (k2 - 4)
=3x2(x—2)(x+2)

27x3 —125=(3x) - 5°
=(3x-5)[(3x)> +(Bx)(5)+5°]
= (3x—5)(9x” +15x+25)

X —x =x(x4 -1)
=x(x? = )(x> +1)
=x(x=D)(x+D(x> +1)

X 45x2 =2x-10=x% (x +5) - 2(x +5)
= (x> =2)(x+5)

2 +18x+81— 2 :(x2+18x+81)—y2

=(x+9)2 —y2

=(x+9-y)(x+9+y)

16x 4 43204 =161 /4 [1+ 2x%_(_%)J

-3
=16x A (1+2x)
16(1+2x)

= x%

(2 - 4)(+? +3); -+ —4)2 (+ +3)§

() 43 [1-(2-4)( 3]

—_

= (x=2)(x+2)(x2 +3)2 (—x* +x2 +13)

1 3 3
12x 2 +6x 2 =6x 2(2x+1)=6(L3+1)
%2
3 2 2
x” +2x _X (x+2)=x2,x¢—2

x+2 x+2

(r=2)(x+2)(x +3)2 [1—(x—2)(x+2)(x2 +3)]

2 4+3x-18  (x+6)(x—3)  x-3
x> =36 (x+6)(x—-6) x—6
x#-6,6

110.

>

X2 +2x _x(x+2)  x
X dx+d (x+2) x+2
xX#*-2

111.

12, ¥ +6x+9 x+3 _ (x+3)°  x+3
2—4 x-2 (x=2)(x+2) x-2
o (x+3)
(x=2)2(x+2)

x#2,-2

6x+2;3x2+x

-1 x-1
2B3x+1)  xGBx+1)

T GoDtD) x-1
23x+D) | x-l

T (=D(x+1) xGx+1)
2

113.

x*=5x-24 x> -10x+16
xz—x—12 x2+x—6
_(x=8)(x+3) ;(x—2)(x—8)
(x—4)(x+3) (x+3)(x=2)
_ x—8 X+
x—4 x-8
_ x+3
x—4’
x#-3,4,2,8

114.

115. 2x-7 x-10 _ 2x-T—-(x-10)

x¥*-9 x*-9 x* -9
x+3

T (x13)(x-3)
!

>

x-=3
x#3,-3
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116 3x A 3x .x—2+ X x+2 119, -1 1_1 6
Tox+2 x-2 x+22 x—22x—2 x+2 : ’16—)26:?16_)266_x
_ 1_x 1_x 6x
:3x 6x+x" +2x 376 3¢
(x+2)(x-2) _ 6-3x
_ 4x% —4x -2
(x+2)(x-2) _ -3(x—-2)
_ 4x(x—1) —x(x=2)
(+2-2)’ _3,
xX#2,-2 X
x#0,2
I 2 4,12
. x2_9 x2—5x+6 1 120. 3+7_3+7 x2
_ X x— l_m_ 16 2
(x=3)(x+3) (x—-2)(x-3) 2 2
_ X _x—2 x—1 .x+3 3?4 12y
(x=3)(x+3) x=2 (x=2)(x-3) x+3 :2_16
S i
x=3)(x+3)(x— =2
+4)(x—4
_x2—2x+x2+2x—3 ()gx Nx=4)
(x— 3)(x2+ 3)(x-2) Cx-4’
- 2x” -3 X#0,4, -4
(x=3)(x+3)(x-2)
1 1
A2 121. 3_x+3:3_x+3_x+3
_ 1 I x+3
118. 4x-1  x+43 3+x+3 3+x+3
232 +5x-3 6x2+x-2 _3(x+3)-1
o 41 x43 3(x+3)+1
Qx-1)(x+3) (x—1)(3x+2) _3x+9-1
_ 4x— .3x+2 3x+9+1
2x=1)(x+3) 3x+2 _ 3x+8
B x+3 _x+3 3x+10°
2x-1)(3x+2) x+3 v -390
12x2 +8x—3x—-2-x2 —6x—9 3

2x-D(x+3)3x+2)
1 —x-11
T x=D(x+3)3x+2)’
2

x#—,—3,-2
2 3
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127. x#£ -2, x# 4

2
/ 2 by
122 NP X H—— 4 2 30

25—x + =
5 x+2 x—4 (x+2)(x—4)
25—-x 4(x-4)+2(x+2)=30
e 2., 2 Ve o2 4x—16+2x+4=30
( 25-x" + TS—;?] 25-2x 6x—12 =30
= 6x=42
25— x2 12512 x=7
(
B 25— x2 +x7 The solution set is {7}.
2 2
(25— Was—x 128. —4[2x+1|+12=0
= —412x+1|=-12
V@5-x%) 2x+1|=3
2 2x+1=3 or 2x+1=-3
B NBx 2x=2 2x=—4
J@s5-22) V25— x=1 x=-2
25425 _ 2 The solution set is {-2,1}.

(25-x° i
25v25—x2 129. 2x* —11x+5=0

I XT 2x—1)(x-35)=0

(5-x)%(5+x) 2r-1=0 x-5=0
1
123. 1 -2(6 —x)=3x+2 x:E orx=>5
1-12+2x=3x+2 1
—1l-x=2 The solution set is {—,5}.
—~x=13 2
x=-13
The solution set is {—13}. 130. (Bx+5)(x-3)=5
This is a conditional equation. 3x2 +5x—9x-15=5

352 —4x-20=0

124. 2(x—4)+3(x+5)=2x-2 5
2x—8+43x+15=2x-2 _ 42D -403)(=20)

5x+7=2x-2 . 203
3x=-9 \/A—)
x=-3 xo 3EV16+240

The solution set is {-3}. \/—6—
This is a conditional equation. X = 4£3256
6
125. 2x —4(5x + 1) =3x + 17 Loatle
2x—20x—4=3x+17 6
~18x—4=3x+17 (=20 212
21x=21 6 6
x=-1 x=£,—2
The solution set is {—1}. 3
This is a conditional equation. The solution st is {_2’%}.
126. x #1,x #-1
2
x=1 x+1 21
1 2
x=1 x+1 (x+D)(x-1D
x+1-(x-1)=2
x+l-x+1=2
2=2

The solution set is all real numbers except 1 and —1.
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131. 3x2 —7x+1=0

L TEED 400

2(3)

‘= 74912
37

X =

43T
6

The solution set is {

7+37 7—\/5}
6 6 |

132, x*-9=0
x?=9
x=23
The solution set is {-3, 3}.

133. (x-3)>-24=0

(x=3)% =24
J(x=3)? =+/24
x-3=+26
x=3+26
134, > x 2
X2 +6x+8 xt+4 x+2
2x _x 2
(x+4)(x+2) x+4 x+2
2x(x+4)(x+2)=(x+4)(x+2)( x 2
(x+4)(x+2) x+4 x+2
2x = x(x+2) = 2(x +4)
2x=x>+2x-2x-8
0=x%-2x-8
0= (x+2)(x—4)
x+2=0 or x-4=0
x=-2 x=4
—2 must be rejected. The solution set is {4}.
135. V8—2x—x=0
8-2x=x
2_ 2
(S—Zx =X
8—2x=x?

0=x>+2x-8
0= (x+4)(x—2)

x+4=0 or x-2=0
x=—4 x=2

—4 must be rejected. The solution set is {2}.

)

Chapter P Review Exercises

x> —8x+12=0
x? —8x=-12

x? —8x+16=—12+16
(x—4)> =4

x—4=12
x=4+2

x=6,2

The solution set is {2}.

137. vt+gt2 =s

gt2 =s—Vvt
gt2 _s—=vt

138. T=

14T

139. x?=2x-19
X2 —2x+19=0
b? —4dac = (-2)> —4(1)(19) = -72
—72 <0, thus the equation has no real solutions.

140. 9x% —30x+25=0
b? —4dac = (-30)* —4(9)(25) =0

b? —4ac =0, thus the equation has one repeated real
solution.

141. Let x = the number involving oversleeping.
Let x+10 = the number involving computer
problems.

Let x+80 = the number involving illness.

x+(x+10)+(x+80)=270
X+ x+10+x+80=270
3x+90

x+1)(§
x+80=140

The number involving oversleeping, computer
problems, and illness, respectively, is 60, 70, and 140.
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142.

143.

144.

145.

146.

147.

118

Let x = the number of years after 1980.

2.69+0.17x =9.49
0.17x=6.8
x=40

The average price of a movie ticket will be $9.49 40
years after 1980, or 2020.

Let x = the number of GB used.
Plan A: C=52+18x
PlanB: C=32+22x
Set the costs equal to each other.
52+18x=32+22x

52=32+4x

20=4x

5=x

The cost will be the same for 5 GB.

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

48 =0.80x

60=x

The original price is $60.

Let x = the amount sold to earn $800 in one week

800 =300+0.05x
500 =0.05x
10,000 = x

Sales must be $10,000 in one week to earn $800.

Let x = the amount invested at 4%
Let y = the amount invested at 7%
x+ y=9000
0.04x+0.07y =555
Multiply the first equation by —0.04 and add.

—0.04x—-0.04y =-360
0.04x+0.07y =555

0.03y =195
y=6500
Back-substitute 6500 for y in one of the original
equations to find x.
x+y=9000
x+6500=9000
x=2500

There was $2500 invested at 4% and $6500 invested
at 7%.

Let x = the amount invested at 2%
Let 8000 — x =the amount invested at 5%.
0.05(8000—x) =0.02x +85

400—-0.05x=0.02x +85
—0.05x—-0.02x =85-400

~0.07x =-315
~0.07x _ 315
~0.07 —0.07
x=4500
8000 — x = 3500

$4500 was invested at 2% and $3500 was invested
at 5%.

148. Let w = the width of the playing field,

Let 3w — 6 = the length of the playing field
P =2(length)+2(width)

340=2(3w—6)+2w

340 =6w—12+2w

340 =8w-12

352 =8w
44 =w

The dimensions are 44 yards by 126 yards.

149. Check some points to determine that
¥ =14,100+1500x and y, =41,700—-800x .
Since y; =y, =32,100 when x =12, the two

colleges will have the same enrollment in the year
2015412 =2027. That year the enrollments will
be 32,100 students.

150. A=1lw
15=1(20-7)
15=21%-71
0=212-71-15
0=(21+3)(I-5)
/=5

20-7=3

The length is 5 yards, the width is 3 yards.

151. Let x = height of building
2x = shadow height
X2 +(2x)% =3007
x% +4x? =90,000
5x% =90,000
x% =18,000
x =1134.164
Discard negative height.
The building is approximately 134 meters high.

152. (10+2x)(16+2x) =280
160 +52x + 4x* =280
4x% +52x-120=0
X2 +13x-30=0
(x+15)(x-2)=0
x+15=0 or x—2=0
x=-15 x=2
—15 must be rejected. The width of the frame is 2
inches.
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153, 199119920

1500 T 1500
> +100]=x(x—4) >

x(x—4)
x x—4
1500(x —4) +100x(x —4) =1500x
1500x — 6000 +100x> —400x =1500x
15x - 60 +x* —4x =15x
X2 —4x-60=0
(x+6)(x—10)=0
x+6=0 or x-10=0
x=-6 x=10
—6 must be rejected. There were originally 10 people.

154. {x|-3<x<5}

L
T

L

-3 5
155. {x|x >—2}
) 5
¢ >
156. {x|x <0}
i [ R T N N | 1 1
.y T ———] T L
0
Graph (—2,1] +—H—+—+—F—+—+—+—+—+—+—+—>
157. raph (2115 0 3 1 0 1 2 3 4 5
rap ’)'-5-4-3-2-1012345

Chapter P Review Exercises

To find the intersection, take the portion of the number line that the two graphs have in common.

Numbers in both ¢ | l | | L I ] | | | [
+— i I ! | i ] ] —F

I I
(21]and [-1,3): -5 4 3 2 1 0 1 2 3 4 5
Thus, (-2,1] N [-1,3) =[-1,1].

4 | | i | ] i | | | | ] b
_ A T I | T I i | I ) l L7
158. Graph (2,117 I 3 22 U 8 1 5 % 4 =
aph 13T 4 3 2 % 0 1 2 3 o4 5

To find the union, take the portion of the number line representing the total collection of numbers in

the two graphs.
Numbers in either (-2,1] 4 I —

L 1 | ] b

t — 1+
or [-1,3) orboth: -5 4 -3 -2 -1 0 1 2 3 4 35
Thus, (=2,1] U [-1,3) =(-2.3).

4 ] ! ! ! ! L L i ! ! "
o | I | | | | L 1 J ! | L
159. Graph (L3774 3 2 1 0 I 2 3 4 5
Graph (0 4) 4 I I I I I { : : : } I 4
PR s 4 03 2 a1 0 1 2 3 4 5
To find the intersection, take the portion of the number line t

Numbers inboth ¢ | l | | | | L 3 | [
1 i i i N 1) ] —*

|
I
[L3)and (0,4): 5 -4 3 2 -1 0 I 2 3 4 5
Thus, [1,3) N (0,4) =[1,3).

Copyright © 2018 Pearson Education, Inc.

hat the two graphs have in common.

119



Chapter P Prerequisites: Fundamental Concepts of Algebra

4 | | | | 1 I | i | | b
A— i | T ] T | A — I v
160. Graph [L3)™ "2 4 3 3 1 o [ 2 2 4 5
pRi%%) s 4 3 2 1 0 1 2 3 4 5

To find the union, take the portion of the number line representing the total collection of numbers in
the two graphs.
| | | | |

Numbers in either|[1,3) —t—t+—+—+—
or (0,4) orboth: -5 -4 -3 -2 -1 0 1 2 3
Thus, [1,3) U (0,4) =(0,4).

e
tn

161. -6x +3 <15
—-6x <12
x>2

2
The solution set is [—2,c°).

162. 6x—-92=>—-4x-3
10x=6

x=—

| o

The solution set is [%,ooj.

163. S-3 15X
3 4 2
Rl 3 1 )s1n(X
3 4 2
4x—9—12>6x
21> 2x
21
—-_—>X
AY
) >
_a
2

The solution set is [—w,—%).

164. 6x +5>-2(x—3)-25
6x+5>-2x+6-25
& +5>-19
8x>-24
x>-3

o

-3
The solution set is (—3,¢0).
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165.

166.

167.

168.

169.

170.

32x—1)-2(x—4)>7+2(3 +4x)
6x—3-2x+8>7+6+ 8
4x+5>8x+ 13
—4x>8
x<-2

2
The solution set is [—eo,—2).

7<2x+3<9

4<2x<6

2<x<3

(2,3]

< ¢ 3
2 3

The solution set is [2,3).

[2x+3|<15

-15< 2x+3<15
-18< 2x<12
-9< xr§6

b

9 6
The solution set is [-9,6].

2x+6
3

2x3+6>2
2x+6>6
2x>0
x\>0

>2

2x+6 <
3
2x+6< -6
2x<—12
x<—l6

7 C
-6 0

The solution set is (—e,—6) or (0,

|2x+5|-72-6
|2x+5]21

2x+5>lor2x+5<-1
2x>-4 2x<-6
x>-2 or x<-3

L

-2

X
-3

Chapter P Test

171. 0.20x+24 <40

0.20x<16
0.20x< 16

0.20 ~ 0.20
x <80

A customer can drive no more than 80 miles.

95+79+91+86+x<

172. 80< 90

400 <95+79+91+86+x <450
400 <351+x <450
49<x<99

A grade of at least 49% but less than 99% will result
inaB.

Chapter P Test

1. 5(2x% —6x)—(4x? =3x) =10x% —30x —4x? +3x

The solution set is (—eo,—3] or [-2,0).

—4|x+2|+5£—7
-4 <-12
>3

x+2<-3
x<=5

x+2
x+2

x+22>3
x2>1

The solution set is (—eo,—5]U[1,0).

< k|

=6x2—27x
2. T+2B3(x+1)=203x—1)]
=7+2[3x+3-6x+2]
=7+2[-3x+5]
=7—6x+10
=—6x+17
3. [L2.5)N{5.4) ={5)
4. {1,2,5)U{5.4) ={1,2,5,a)
30x° o 4 _ 598
oo)_ S. o ):4 =553 9y4 () = 5% 6y8=L6
6x”y X
6. ~or-\3r =182 =92 .2 =32
7. 450318 =44/25-2 -3/9-2
=4.5J2-3.32
=202 -9\2
=112
8 3 3 5-\2
5+\/§ 5+x/§ 5—\/5
3(5-42)
25-2
3(5-+/2)
23

- 1 T

-5 1

Y
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9.  6x* =38x3 - 2x 16.

=3/8x° -32x
= Zx%

x2+2x—3_(x+3)(x—l)_x+3
2-3x+2 (=)= x-2’
x#2,1

10.

5x10° 5 107

o= - =0.25%10% =2.5x10!
20x107% 20 10”

11.

12. 2x=5)(x* —4x+3)
=2x° —8x% +6x—5x% +20x—15
=2x> —13x% +26x—-15

13. (5x+3y)% =(5%)% +2(5x)(3y) + (3y)?

) 2 17.
=25x"4+30xy+9y
2
14. 2x+8+x +5x+4
x—3 )
_2(x+4)  (x+D(x+4)
x=3  (x=3)(x+3)
_2(x+4).(x—3)(x+3)
x=3 (x+D(x+4)
_2(x+3)
x+1
x#3,-1,-4,-3 18.
15, % 40
x+3 x-3
X 'x—3 5 .x+3
x+3 x-3 x=3 x+3
_ x(x=3)+5(x+3)
(x+3)(x-3)
_x2—3x+5x+15
(x+3)(x-3)
2
_X +2x+15,x¢3,_3
(x+3)(x-3)
19.
20.
21.
22.

2x+3 2

2 —7x+12 x-=3
2x+3 2

T (=-3)(x—-4) x-3
2x+3 2 x-4

:(x—3)(x—4)_x—3.x—4
_ 2x+3-2(x—4)

C (x=3)(x—4)

_ 2x+3-2(x-4)

O (x=3)(x—4)
_2x+3—2x+8

C (x=3)(x—4)

11

T x=3)(x—4)’
x#3,4

1—$_(1—x—§2)(x+2)x

1+1 (l+%)(x+2)x
_ x()c+2)—x2
Cx(x42)+(x+2)
X" +2x—x

T (x+D)(x+2)

2
al ,x#0

- X% +3x+2

2x\/x2 +5— 2.°
\,/x2+5

x> +5

[2x\/x2+5— 2:° ] x*+5

Y X245

(2 +50x2 +5
_ 2x(x2 +5)— 2%

()c2 + 5)\/x2 +5

26 +10x 24
(x2 +5)\jx2 +5
10x
J(&x2+5)°

X% —9x+18=(x-3)(x—6)

X 42x% +3x+6=x2(x+2)+3(x+2)
= (x> +3)(x+2)

25x2 =9 = (5x)% 3% = (5x=3)(5x+3)

36x% —84x +49 = (6x)> —2(6x)-7+7>
=(6x—7)
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23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

32 —125=1° =53 = (y=5)(»* +5y+25)

(x> +10x+25)— 92
= (x+5)2-9y°
=(x+5-3y)(x+5+3y)
3 2
x(x+3) 5 +(x+3)s
3
=(x+3)s [x+(x+3)]
3

2x+3
3

(x+3)3

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

-7, —%, 0,0.25, \/Z, % are rational numbers.
32+5)=3(5+2);
commutative property of addition

6(7+4)=6-7+6-4
distributive property of multiplication over addition

0.00076 = 7.6x107%

2
27 3 = = = =

2(6.6><109) =13.2x10° =1.32x10'°

a. 2003 is 14 years after 1989.

M =—-028n+47
M =-0.28(14)+47
=43.08

In 2003, 43.08% of bachelor’s degrees were
awarded to men. This overestimates the actual
percent shown by the bar graph by 0.08%.

M —0281+47
W 0.28n+53

oo —028n+47
0.287+53
_ —0.28(25)+47
0.28(25)+53
2

3
Three women will receive bachelor’s degrees
for every two men. This describes the
projections exactly.

33.

34.

3s.

36.

37.

38.

Chapter P Test

T(x—2)=4(x+1)-21
Tx—14=4x+4-21

Tx—-14=4x-17
3x=-3
x=-1

The solution set is {—1}.

2x-3 _x—4_x+1

4 2 4
2x-3=2(x—4)—(x+1)
2x-3=2x-8—-x-1
2x-3=x-9

x=—6
The solution set is {—6}.

2 4 8
x=3 x+3 (x=-3)(x+3)
2(x+3)—4(x—-3)=8
2x+6—-4x+12=8
—2x+18=8
—-2x=-10
x=5
The solution set is {5}.

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

xX=—— or x=2
2

The solution set is {—%, 2}.

(3x-1)*=75

3x—1=+75
3x=1+53
14543

X = 3

1-5J3 1+5\B}

The solution set is ,
3 3

x(x—2)=4
X2 —2x-4=0

o —bi\/bz —4ac

244(-2)" -4(1)(-4)
2

xX=

24245
_x:

2
lei\/g
The solution set is {1—«/3, 1+\/§}.
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Chapter P Prerequisites: Fundamental Concepts of Algebra

39.

40.

41.

42,

124

[o8)
W
Il

X—3+ X

x—=5
x% —10x+25
0

=
w
Il

-3
X% —11x+28
11112 - 4(1)(28

)
2(D)
_11£4121-112

X
X=— =
X

+ =

5

2
11£3

11

I+

X =

2
x=7 or x=4
4 does not check and must be rejected.
The solution set is {7}.

V8=2x—-x=0
N8—2x=x
2
(\/8—2x) =(x)2
8—2x= x>
0=x>+2x-8
0=(x+4)(x-2)

x+4=0 or x-2=0

x=—4 x=2
—4 does not check and must be rejected.
The solution set is {2}.

Ex—6‘=2
3
zx—6=2 zx—6=—2
. 2 . 2
—x=38 —x=4
3
x=12 x=6
The solution set is {6, 12}.
—3[4x—=7]+15=0
=3|4x-7|=-15
4x-7=5
4x-7=5 or 4x-7=-5
4x=12 4x=2
x=3 1
X=—
2

The solution set is {%,3}

43.

44.

45.

46.

2x 2 X

+ =
x> +6x+8 Xx+2 x+4

2x N 2 x
x+4H(x+2) x+2 x+4

2x(x+4)(x+2) + 2(x+4)(x+2) _ x(x+4)(x+2)

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

(x+4)(x+2)

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

x—4=0 or x+2=0
x=4 x = -2 (rejected)

The solution set is {4}.

3x+4)>5x—12
3x+12>5x-12
—2x>-24
x<12
The solution set is (—eo,12].

h ]

x

12

x 1 _x 3

Zy_<Z_Z

6 8 2 4
4x+3<12x-18
—8x<-21

ng

8

The solution set is [%,wj.

21
8

< 2x+5

-3< <6

9<2x+5<18
-14<2x<13

—7Sx<E
2

The solution set is [—7, gj

3

< L N
r 7
-7 13

2
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47. Px+2/23
3x+2>3 or 3x+2<-3
3x2>1 3x<-5
le xX<——
3
. . 5 1
The solution set is (—00, ——} U {—, °°]
3 3
5 1
3 3
1
48. V=—Iwh
3
3V =Ilwh
b
w Iw
Z_W:_’)V
h=—
w

49. y—y;=m(x—-x))
Y=y =mx—mx
TmxX=yy-mx -y
—-mx _yj—mx;—y

—m —m
X = —y 2| + X1
m

50. R="9%

a+s
R(a+s)=as
Ra+Rs =as
Ra—as=—-Rs
a(R—s)=—Rs
a(R—s) —Rs
R-5s R-—s
Rs
a:
s—R

51. 43x+575=1177
43x =602
x=14
The system’s income will be $1177 billion 14 years
after 2004, or 2018.

52.

53.

54.

5S.

56.

57.

B=0.07x> +47.4x+500

1177 = 0.07x% +47.4x+ 500
0=0.07x% +47.4x—677

0=0.07x> +47.4x—677
o= —bi\/b2 —4ac
2

Chapter P Test

a
S CLE J(47.4)2 ~4(0.07)(~677)

2(0.07)
x =14, x=-691 (rejected)

The system’s income will be $1177 billion 14 years

after 2004, or 2018.

The formulas model the data quite well.

Let x =the percentage of strikingly-attractive men.
Let x+57 = the percentage of average-looking men.
Let x+25 = the percentage of good-looking men.

(x)+(x+57)+(x+25)=88
X+x+57+x+25=88
3x+82=88
3x=6
x=2
x+57=59
x+25=27
2% of men are strikingly-attractive.
59% of men are average-looking.
27% of men are good-looking.

29700+150x =5000+1100x
24700 =950x
26=x

In 26 years, the cost will be $33,600.

Let x = amount invested at 8%
10000 — x = amount invested at 10%
0.08x+ 0.1(10000— x) =940
0.08x+1000—0.1x =940
-0.02x =-60
x =3000
10000 —x = 7000
$3000 at 8%, $7000 at 10%

[=2w+4

A=Ilw
48 = 2w+ 4w
48 =2w” + 4w
0=2w? +4w—48
0=w?+2w—24
0= (w+6)(w—4)

w+6=0 w—4=0

w=—6 w=4

2w+4=2(4)+4=12
width is 4 feet, length is 12 feet
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58. 242 +x? =262
576 +x* =676
2 -100

The wire should be attached 10 feet up the pole.

59. Let x = the original selling price
20 =x-0.60x
20=0.40x
50=x
The original price is $50.

600,000 600,000

60. —-6000 =

600 ())COO s 600,000
x(x+5)] ——-6000 | = x(x+5)———
x x+5
600,000(x + 5) — 6000x(x + 5) = 600,000
600,000x +3,000,000 — 6000x> —30,000x = 600,000x
—6000x> —30,000x + 3,000,000 = 0
X2 +5x-500=0
(x+25)(x—=20)=0
x+25=0 or x—20=0
x=-25 x=20
—25 must be rejected. There were originally 20 people.

61. Let x = the number text messages.
The monthly cost using Plan 4 is C 4 = 25.

The monthly cost using Plan Bis Cp =13+ 0.06x.

For Plan A4 to be better deal, it must cost less than Plan B.
Cy<Cp
25<13+0.06x
12 <0.06x
200< x
x>200

Plan 4 is a better deal when more than 200 text messages per month are sent/received.
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Chapter 1
Functions and Graphs

Section 1.1
4. The meaning of a [-100,100,50] by [-100,100,10]

Check Point Exercises viewing rectangle is as follows:

distance

1.  Plot points: between
X-axi1s

y minimum maximum  tick
i = x-value  x-value  marks
5 — —— —
A(-2,4 [Z100, 100 , 50 ]
by
Ak distance
C ( - 3, 0) b between
1 y-axis
D(O —-3) 3(4, —2) minimum maximum  tick
2 4 1 ] y-value  y-value  marks
1 ] 1 —_—

[Z100, 100 , 10 ]

#=2y=6
x=-1, y= 5 100
x=0,y=4
¥=ly=3 ~100 : 100
x=2,y=2
x=3,y=1 ~100
y
=37 § 5. a. The graph crosses the x-axis at (-3, 0)
(=2,6) a,3) . . graph crosses the x-axis at (=3, 0).
(_1" 5‘)_,- f ('2’ 2) Thus, the x-intercept is —3.
O, D 1(3,1) The graph crosses the y-axis at (0, 5).
3 Thus, the y-intercept is 5.
x
I b.  The graph does not cross the x-axis.

Thus, there is no x-intercept.

y=4-x The graph crosses the y-axis at (0, 4).
3. x=-4,y=3 Thus, the y-intercept is 4.
x=-3,y=2 c.  The graph crosses the x- and y-axes at
x=-2,y=1 the origin (Q, 0). .
Thus, the x-intercept is 0 and the
x==1y=0 y-intercept is 0.
=0,y=1 .
¥ Y d. The graph crosses the x-axis at (-1, 0) and (1,
x=1Ly=2 0).
x=2,y=3 Thus, the x-intercepts are —.1 and 1.
The graph crosses the y-axis at (0, 3).
): 2.3) Thus, the y-intercept is 3.
(-4,3) P
1,2) 6. a. d=4n+5
-3,2) = o
( ( 2 1)\: T (0,1 d = 4(15)+5=65
’ (-1, 0) 5x 65% of marriages end in divorce after 15 years
e when the wife is under 18 at the time of
v =l +1] marriage.
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Chapter 1 Functions and Graphs

b. According to the line graph, 60% of marriages
end in divorce after 15 years when the wife is
under 18 at the time of marriage.

¢. The mathematical model overestimates the
actual percentage shown in the graph by 5%.

Concept and Vocabulary Check 1.1

1. x-axis
2. y-axis
3. origin

4.  quadrants; four
5.  x-coordinate; y-coordinate
6. solution; satisfies
7.  x-intercept; zero

8.  y-intercept; zero

Exercise Set 1.1

1 y
1
Mla 1
hd T
1,49
X
2 y
5|
2, 5
X
3. y
~(-2,3)
X

128 Copyright © 2018 Pearson Education, Inc.
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e
(1,4
X
y
X
(-3,-9)
Lild bl
IHERAN
y
X
(=4,-2)
| T
y
5 X
4 -1
[
T
y
X
372
y
__430)
X



Section 1.1 Graphs and Graphing Utilities

S5
= = QOhy |
T 8T SN 1
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I~ a —
— ~ 2x — O N — > - Il -\_J A_—. Q_J
lr- piqmunlt R TIN > 0o
@~ NN ENENEN A
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s _ = &
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= P -, enley PNl Rl
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- | P
wn|ea -~ ﬂ
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SN—
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0,y=-2

X =

T =
SEl NN P
[ ‘
oINS
o)
g
T o —~ Epa =)
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[T I T
= =
&
—
—
o~ | [N [R—
T ___ Lo o
N I
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T TS —alen
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Chapter 1 Functions and Graphs

17.

18.

130

il
“3,7)
O (|0’| ]l);iﬁk_ 2,5)
(-L-D3 Kk
(=3, =977 (-2 -3
a HHHH
y=2x+1
x=-3,y=-5
x==2,y=-3
x=-1l,y=-1
x=0,y=1
x=Ly=3
x=2,y=5
x=3,y=7
e,
A3, 2)
(1, -6 g 3
(=2,-8)> B
(=3, 102 (% =
RN
| [T
y=2x—4
x=-3,y=-10
x=-2,y=-8
x=-1,y=-6
x=0,y=-4
x=1,y=-2
x=2,y=0
x=3,y=2

19.

20.

9]
~ 1=
—
P =
—
\‘l\)
|
[y
~

l 1
3
1) /3”ﬁ
1. — —— /
(’J—&n (5]
1
(19__)
=_1 ?
y=-3x
3
x=-3,y=—
g 2
x=-2,y=1
1 1
x=-1, = —
g 2
x=0,y=0
1
x=lLy=——
g 2
x=2,y=-1
3
x=3,y=——
d 2
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21.

22.

23.

‘@_»‘
S
2

2,4

T

\l_a
- ro-
|~

|~
—
Sae

1,2)]

|
=
=3
—
~—

x==-3,y=4
x=-2,y=3
x=-1l,y=2
x=0,y=1
x=1y=2
x=2,y=3
x=3,y=4

24.

Section 1.1 Graphs and Graphing Utilities

25.

26.
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27.

28.

29.

30.

31.

32.

132

y 33.
[T1TR¢ J
.0 G2
(-1, -1) (2,8
(-2,-8)4 5
o, 1y
=3 =29
y=x3
x=-3,y=-27 34.
x=-2,y=-8
x=-1,y=
x=0,y=0
x=1y=1
¥=2y=8 35.
x=3,y=27
36.
R{ YRE
P [(3; I26)
0. -nfe 37.
(-1,-2) H
(=2, -9, 0 38.
(-3, —28)% i
y=x-1 39.
x=-3,y=-28
x==-2,y=-9
x=—-lLy=-2 40.
x=0,y=-1
x=1,y=0 41.
x=2,y=7
x=3,y=26
42.
(c) x-axis tick marks -5, 4,-3,-2,-1,0, 1, 2, 3, 4,
5; y-axis tick marks are the same.
43.
(d) x-axis tick marks —10, -8, -6,—4,-2,0,2,4,6,8,
10; y-axis tick marks —4, -2, 0, 2, 4
(b); x-axis tick marks —20, —10, 0, 10, 20, 30, 40, 50,
60, 70, 80; y-axis tick marks —30, —20, —10, 0, 10, 20, 44.
30, 40, 50, 60, 70
(a) x-axis tick marks —40, 20, 0, 20, 40; y-axis tick
marks —1000, -900, —800, —700, . . ., 700, 800, 900,
1000 45.
46.

The equation that corresponds to ¥, in the table

is (¢), ¥y, =2—x. We can tell because all of
the points (-3,5), (-2,4), (-1,3), (0,2),
(1,1, (2,0), and (3,—-1) are on the line

y =2—x, but all are not on any of the others.

The equation that corresponds to Y] in the table
is (b), y, =x°. We can tell because all of the
points (-3,9), (-2,4), (-L1), (0,0), (1,1),
(2,4), and (3,9) are on the graph y = x’, but
all are not on any of the others.

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

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

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

a.  2; The graph intersects the x-axis at (2, 0).
b. —4; The graph intersects the y-axis at (0,—4).
a. 1; The graph intersects the x-axis at (1, 0).

b.  2; The graph intersects the y-axis at (0, 2).

a. 1,-2; The graph intersects the x-axis at (1, 0)
and (-2, 0).

b.  2; The graph intersects the y-axis at (0, 2).

a. 1,—1; The graph intersects the x-axis at
(1, 0) and (-1, 0).

b. 1; The graph intersect the y-axis at (0, 1).
a. —1; The graph intersects the x-axis at (-1, 0).
b. none; The graph does not intersect the y-axis.

a. none; The graph does not intersect the
X-axis.

b.  2; The graph intersects the y-axis at (0, 2).

Copyright © 2018 Pearson Education, Inc.



Section 1.1 Graphs and Graphing Utilities

133

. I
a4 )
~ ~ AN
— — S’
| | —
o 5 “ =
~ =~ 1_3 -
[ N
= a Sa
- - -
I 4 - Sini A} T
= A - A/ | — v~ N
o~ ) _ — |l |= I T R I/ 1= | P
~ ~| ~ y T N | | —_ 1_3
~|== =l o sHEA ~ -~ | | R R o N — | — | 1 -
NERERN — NN = : P —_ o |
NS ENE R = < | o =| _1_21_31_31_2(2 >~ % s S
2PV TSI = e - -~ ~ | N | | ~— [ — ~— TN —a .
“ LIl L= === 7_. /1.4 ~— —_ e _ S
HEN [ | —
N’ “ - Iy
- — | — || — | N i
=PIV T|eol=||e i =9 [ _ _ =l =le— o N =l g
F\ _ /—I\ .Lu
— <
Q
e o 5
w w m
=
2
s
[T
%)
—
[}
[\l
©
ey
<=
an
=
=
b
o
o
@]
Vo)
w
o~ -
< e
Vo) A \a &
@ N D
" == S 0
_,ll I = ~ e L/ [T 2)
e = Hia e TH = I
- -~ - 11T m. Ia. - ~ ~ LT T =+
< _ - e = a > in £
H < + N e = CSTEA : T ~ L
L =1 |~ Ry ~I& &I A~ —~ )
— & k= N7 o =T + A |e|aln| @ AN
> I - _ e ! D, BRI NN N S SR =
= s - EEESEE D= ~
\\w?.’\\ -~ > T I ||JI.5||1D > yll\\\l._‘.mu. 1] |~ —|=| ~| - -~
HT = - - w, w;
ENRNBE o L OHEHTH! Fes - )
L= LL L [ PN [ N
e r ~T e =17 =TI T e~ |m o
U i L R N
=~ % N S —
A A < w wn



Chapter 1 Functions and Graphs

54, 56. a. According to the line graph, about 66% of

X X,
() seniors used alcohol in 2014.
21| = 1
2 b. 2014 is 24 years after 1990.
-1 (_1’1) A=-09n+88
1 1 A=-0.9(24)+88 =66.4
) (_E’ZJ According to formula, 66.4% of seniors used
alcohol in 2014. It is greater than the estimate,
1 (_l 3) although answers may vary.
3 3 ¢. According to the line graph, about 44% of
1 (l _3j seniors used marijuana in 2014.
313
d. 2014 is 24 years after 1990.
1 (13_2j M =0.1n+43
2 |\2 M =0.1(24)+43 =454
1 (17_1) According to formula, 45.4% of seniors used
1 marijuana in 2014. It is greater than the
2 2, ) estimate, although answers may vary.

According to the line graph, about 90% of

e. The maximum for alcohol was reached in 1990.
3
seniors used alcohol in 1990.

1 3
——.2] 1
( 2’ = ( s E) 57. Atage 8, women have the least number of

(-1, 1), awakenings, averaging about 1 awakening per night.
x
1 TS a, -1 58. At age 65, men have the greatest number of
(—2, E) I N ’ awakenings, averaging about 8 awakenings per night.
| 4 N
1
1 (7’ _2) 59. The difference between the number of awakenings
3’ -3 for 25-year-old men and women is about 1.9.

60. The difference between the number of awakenings

55. a. According to the line graph, about 44% of for 18-year-old men and women is about 1.1.

seniors used marijuana in 2010.

b. 2010 is 20 years after 1990. 61.—66. Answers will vary.
M =0.1n+43
67. makes sense
M =0.1(20)+43 =45
According to formula, 45% of seniors used 68.  does not make sense; Explanations will vary.
marijuana in 2010. It is greater than the Sample explanation: Most graphing utilities do not
estimate, although answers may vary. display numbers on the axes.
¢ Acc.ordmg to the hne. graph, about 71% of 69. does not make sense; Explanations will vary.
seniors used alcohol in 2010. Sample explanation: These three points are not
d. 2010 is 20 years after 1990. collinear.
A=-09n+88

70.  does not make sense; Explanations will vary.

A=-0.9(20)+88=70 Sample explanation: As the time of day goes up,

According to formula, 70% of seniors used the total calories burned will also go up.
alcohol in 2010. It is less than the estimate,
although answers may vary. 71.  false; Changes to make the statement true will vary.

A sample change is: The product of the coordinates

e. The maximum for marijuana was reached in o : S
of a point in quadrant III is also positive.

2000.
According to the line graph, about 49% of
seniors used marijuana in 1990.
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false; Changes to make the statement true will vary.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

A sample change is: A point on the x-axis will have y 2,8
y=0. . Ol A2 9
(0, 941 2)
true (-1.2). 0.0
REXY/ SRR
false; Changes to make the statement true will vary. ~-1,-2)
A sample change is: 3(5) —2(2) # —4. r“ (72,9
y=2x
I, 111 y=2c+d
IL IV 89. When the x-coordinate is 2, the y-coordinate is
3.
v
When the y-coordinate is 4, the x-coordinates
11 are —3 and 3.
(a) The x-coordinates are all real numbers.
(d) The y-coordinates are all real numbers greater
than or equal to 1.
(b)
(c)
Section 1.2
(b)
Check Point Exercises
(a)
1. The domain is the set of all first components: {0, 10,
(c) 20, 30, 42}. The range is the set of all second
®) components: {9.1, 6.7, 10.7, 13.2, 21.7}.

Set 1 has each x-coordinate paired with only one y-
coordinate.

x y=2x (x,»)

) y=2(-2)=-4 (-2,-4)

-1 y=2-1)+4=2 (-1,-2)

0 y=20)=0 (0,0)

1 y=21)=2 (L2)

2 y=22)=4 (2,4)

x y=2x+4 (x,»)
i) y=2(2)+4=0 (-2,0)
1 y=2(-)+4=2 (-1,2)
0 y=20)+4=4 (0,4)
1 y=2()+4=6 (L6)
2 y=22)+4=8 (2,8)

2. a.
b.
3. a
b.

The relation is not a function since the two
ordered pairs (5, 6) and (5, 8) have the same
first component but different second
components.

The relation is a function since no two ordered
pairs have the same first component and
different second components.

2x+y=6

y=6-2x
For each value of x, there is one and only one
value for y, so the equation defines y as a
function of x.

Since there are values of x (all values between —
1 and 1 exclusive) that give more than one
value for y (for example, if x = 0, then

y=+yl- 0% =+1 ), the equation does not
define y as a function of x.
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4. a.  [(-5)=(-5*-2(-5)+7
=25-(-10)+7
=42
b.  f(x+4)=(x+4) -2(x+4)+7
=x? +8x+16—2x—8+7
= x> +6x+15
¢ f(=x)=(-x)? =2(-x)+7
=x? —(-2x)+7
=x? +2x+7
S. X f(x)=2x (x,y)
2 —4 (-2,-4)
1 i) (-1,-2)
0 0 (0,0)
1 2 (1,2)
2 4 (2,4)
X g(x):2x—3 (x,y)
2 | g(2)=2(-2-3=-7 | (-2,-7)
-1 g(-1)=2(-n-3=-5 (-1,-5)
0 2(0)=2(0)-3=-3 (0,-3)
1 g(l)=20)-3=-1 (1,-1)
2 2(2)=202)-3=1 (2,1)
Sy =2x
gx)=2x-3Y .
2.9 BRny/.
1,2) = - 2,1
(0, 0) —==
(=1, -2)—7 (1, -1
(-2, _4)/ \l|\ ~(0, -3)
(_2’ _7) (_la _5)

136

The graph of g is the graph of /" shifted down 3
units.

The graph (a) passes the vertical line test and is
therefore is a function.

The graph (b) fails the vertical line test and is
therefore not a function.

The graph (c) passes the vertical line test and is
therefore is a function.

The graph (d) fails the vertical line test and is
therefore not a function.

a.

b.

£(5) =400
x=9, £(9)=100

The minimum T cell count in the asymptomatic
stage is approximately 425.

domain: {x|-2<x <1} or [-2,1].
range: {y[0<y <3} or [0,3].
domain: {x|—2 <x< 1} or (-2,1].
range: {y|-1<y<2} or [-1,2).
domain: {x|-3<x<0} or [-3,0).

range: {y|y = —3,—2,—1}.

Concept and Vocabulary Check 1.2

1. relation; domain; range
2. function

3. fix

4. true

5. false

6. x; x+6

7.  ordered pairs

8. more than once; function
9. [0,3); domain

10. [l,0); range

11. 0; 0; zeros

12. false
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Exercise Set 1.2

1.

10.

The relation is a function since no two ordered pairs
have the same first component and different second

components. The domain is {1, 3, 5} and the range is

{2,4,5}.

The relation is a function because no two ordered
pairs have the same first component and different
second components The domain is {4, 6, 8} and the
range is {5, 7, 8}.

The relation is not a function since the two ordered
pairs (3, 4) and (3, 5) have the same first component
but different second components (the same could be
said for the ordered pairs (4, 4) and (4, 5)). The
domain is {3, 4} and the range is {4, 5}.

The relation is not a function since the two ordered
pairs (5, 6) and (5, 7) have the same first component
but different second components (the same could be
said for the ordered pairs (6, 6) and (6, 7)). The
domain is {5, 6} and the range is {6, 7}.

The relation is a function because no two ordered
pairs have the same first component and different
second components The domain is

{3,4,5,7} and the range is {-2, 1, 9}.

The relation is a function because no two ordered
pairs have the same first component and different
second components The domain is

{-2,-1, 5,10} and the range is {1, 4, 6}.

The relation is a function since there are no same first

components with different second components. The
domain is {-3, -2, -1, 0} and the range is {-3, -2, —
1, 0}.

The relation is a function since there are no ordered

pairs that have the same first component but different

second components. The domain is {7, -5, -3, 0}
and the range is {-7, -5, -3, 0}.

The relation is not a function since there are ordered
pairs with the same first component and different

second components. The domain is {1} and the range

is {4, 5, 6}.

The relation is a function since there are no two

ordered pairs that have the same first component and

different second components. The domain is
{4, 5, 6} and the range is {1}.

Copyright © 2018 Pearson Education, Inc.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Section 1.2 Basics of Functions and Their Graphs

Since only one value of y can be obtained for each
value of x, y is a function of x.

x+y=25
y=25-x

Since only one value of y can be obtained for each
value of x, y is a function of x.

x>+ y=16

y=16- x2
Since only one value of y can be obtained for each
value of x, y is a function of x.

X2+ y=25

y=25-x°
Since only one value of y can be obtained for each
value of x, y is a function of x.

xz-i-y2 =16
y2 =16—x>
yzi\/16—x2
Ifx=0, y=14.

Since two values, y =4 and y = — 4, can be obtained
for one value of x, y is not a function of x.

xz+y2 =25
y2 =25-x?
y=i\/25—x2
Ifx=0, y=415.

Since two values, y =5 and y = -5, can be obtained
for one value of x, y is not a function of x.

2
xX=y
yzix/;
Ifx=1, y==1.

Since two values, y = 1 and y =—1, can be obtained
for x = 1, y is not a function of x.

4x=1y2

y=+/dx =+2x

Ifx =1, then y =+2.
Since two values, y = 2 and y = -2, can be obtained
for x =1, y is not a function of x.

y=~x+4

Since only one value of y can be obtained for each
value of x, y is a function of x.
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20.

21.

22,

23.

24,

25.

26.

27.

138

y=—Jx+4

Since only one value of y can be obtained for each
value of x, y is a function of x.

x+y’ =
y3=8—x
y=38—x

Since only one value of y can be obtained for each
value of x, y is a function of x.

x+y3 =27
y3 =27-x
y=\3/27—x

Since only one value of y can be obtained for each
value of x, y is a function of x.

xy+2y=1
y(x+2)=1
1
x+2

Since only one value of y can be obtained for each
value of x, y is a function of x.

xy—=5Sy=1
y(x-5)=1
1
x=5
Since only one value of y can be obtained for each
value of x, y is a function of x.

y:

|ﬂ—y:2
—y=—ﬂ+2
y=h—2

Since only one value of y can be obtained for each
value of x, y is a function of x.

[ =y =5
—y=—x|+5
y=|x—5

Since only one value of y can be obtained for each
value of x, y is a function of x.

a. flo)=4(6)+5=29
b. fix+1)=4x+1)+5=4x+9
c. flx)=4(==x)+5=—4x+5

28.

29.

30.

31.

32.

A

e

o

fH=34)+7=19
fx+1)=3x+1)+7=3x+10
f=x)=3(=x)+7=-3x+7

g(-D l) +2( DH+3

(=
1-
2

g(x+5)=(x+5)% +2(x+5)+3
=x2 +10x+25+2x+10+3
=x2 +12x+38

2(=x) = (=x)% +2(=x) +3
= x2 —2x+3

g-DH=

(-1)2 =10(=1)-3
1+10-3
8

g(x+2)=(x+2)> —10(8+2)—3
=x? +4x+4-10x-20-3
=x?—6x-19

g(=x) = (=x)* =10(-x) -3
=x2+10x-3

h(2)=2%-22+1
=16-4+1
=13

h(-1)= ) ( 1) +1
1+

(=
1-
1

h(=x) = (—x)4 —(—x)2 +1=x* —x? +1

h(3a) = (3a)* - Ba)? +1
=81a* -94% +1

h3)=3-3+1=25

h(-2)=(=2) - (—2) +1
=-8+2+1
=-5

h(=x) = (=x)° = (=) +1=—x> +x+1

h(3a) = (3a)’ —(3a)+1
=27a> -3a+1
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33.

34.

35.

36.

37.

f(=6)==6+6+3=/0+3=3
£10)=10+6+3

=16 +3
=4+3
=7

F(x=6)=x—6+6+3=+/x+3
f(16):m—6:\/§_6:3_6:_3
f(=24)=/25-(-24) -6

J49 -6
7T-6=1

£(25-2x) = 25— (25— 2x) -6
=2x-6

4

2_
f(2)24(2)2 1_15
2

4-2%-1 15
N=— "=
f(=2) 27 1

4(—x)* -1 4x* -1

(_X)Z x2

fx)=

_42°+1_33
SO==2=

Ly 4413131
A e
4-x) +1_ —4x 41

(_x)3 _x3
4x3 -1

x3

f(=x) =

or

6
f©)==1
¥

6 -6
f(_6)_M_?__l

2 2
211
G )—‘ ==l

A7

38.

39.

Section 1.2 Basics of Functions and Their Graphs

5 _|5+3|_M_1
TO=55 %"
rep-2d B2

-S5+3 2 2

feo-n -2z
-9—x+3
_|-x-9] ={1, ifx<-6
-x—6 -1ifx>-6

x| f(x)=x (x.7)
2| f(=2)==2 (-2,-2)

-1 f(-1)=-1 (-1,-1)

0| r(0)=0 (0,0)

1 F()=1 (1,1)

2| f(2)=2 (2.2)

x g(x)=x+3 (x,»)
-2 g(-2)=-2+3=1 (-2,1)
_1 g(-1)=-143=2 (-1,2)

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

1 g(1)=1+3=4 (1,4)

2 g(2)=2+3=5 (2,5)

yp8x)=x+3
2, 5) — J&) =x
1,4) .2
0,3) —L T (1,1)
A

(-2,-2) (-1,-1)

The graph of g is the graph of f shifted up 3 units.
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40. = J(x) = —2x
- f(X) . (x’y) Y g)=-2x -1
-2 f(=2)==2 (-2,-2) (-2,3) R E 1 (—2,4)
A e B ). (-1,1) = (-1,2)
o | s(0)=0 (0,0) ©,0) AN Y
1 r()=1 (1,1) o, —1)// T, -2)
_ 1, -3)~ 2, -9
2 f(2)=2 (2,2) @ —5)
The graph of g is the graph of / shifted down 1 unit.
X g(x)zx—4 (x,y)
o | g(2)=—2-4==6 | (-2.-6) 42. x f(x)=-2x (x.)
_1 g(—1)=—1—4=—5 (_1’_5) -2 f(—2)=—2(—2)=4 (_2’4)
0 2(0)=0-4=-4 (0,-4) -1 | f(=D)==2(-1)=2 | (-12)
1 g(l)=1-4=-3 (1,-3) 0 f(0)=-2(0)=0 (0,0)
2 g(2)=2-4=-2 (2,-2) L r=—2m=-2 | (1,-2)
2 f(2)==2(2)=—4 (2,-4)
Yy S =x
2,2)— 1B =x—4 -
1,1 gx) =x X g(x) 2x+3 (x,y)
0, 0) 2 5x 2| g(-2)=-2(-2)+3=7 | (-2,7)
(-1,-1) =2 - -1)=-2(-1)+3=5 -1,5
2 = 1| g(-)==2(-1)+ (-1.5)
/ (0, —4) 0 g(0)=-2(0)+3=3 (0,3)
(=2,-6) (-1,-5) 1 g(1)=-2(1)+3=1 (L1)
The graph of g is the graph of f shifted down 4 units. 2 g(2)=-2(2)+3=-1 (2.-1)

) = -2

41. x f(x)=-2x (x,) g)=-2x+3 ¥ _(-2,7)
2 | S(D)=2(2)=4 | (24 29 NN 0
-1 f(—1)=—2(—1)=2 (—1,2) (_(l)az)“‘-~ N n (1: 1)
0 | /(0)=(0)=0 (0.0 (1f —’2;: SEENNS NP
1| rm=2()=-2 | (1-2) @ -4 I
2 /(2)=-2(2)=—4 (2.-4) The graph of g is the graph of f shifted up 3 units.
X g(x)——2x—1 (st/)
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43.

44.

x f(x)=x* (x.2)
2| (=2 =4 | (2
- )= =t (=11
0 | s0=(0)=0 (0.0)
! F=0) =1 (1)
2 7(2)=(2)* =4 (2.4)
x g(x)=x2+1 (x.7) 45.
-2 g(-2)=(-2) +1=5 (-2.5)
-1 | g(-1)=(-1P+1=2 | (-L2)
0 g(0)=(0)*+1=1 (0,1)
1 g()=(1)> +1=2 (1,2)
2 g(2)=(2)*+1=5 (2,5)
gx)=x*+1
fx) =+ . » 2,5
R e
(2,470 T (1,1)
— 1 ]

x f(x)=4 (x.)

2| /()=(2)"=4 (=24)

-l FED)=(=1)° =1 (=11
0 7(0)=(0)* =0 (0,0)

! F()=(1)° =1 (L1)

2 £(2)=(2)" =4 (2.4)
x g(x)=x>-2 (x,»)
) g(-2)=(-2)*-2=2 (-2,2)
-1 g(-1)=(-1)°-2=- (-1-1)
0 2(0)=(0)"—2==2 (0.-2)
! g(1)=(1)"-2=-1 (1.-1)
2 2(2)=(2)"-2=2 (2.2)

Section 1.2 Basics of Functions and Their Graphs

Jw) =&
gy =x*-2Y
7 2,4
(=2, 49—\ 2
o2 _2,2)
(-1, 1) =N '-;(1, b
(=1, ~) LT~ - 1)
(0,0)

(0, -2)

The graph of g is the graph of f shifted down 2 units.

x (x) =] (x.7)
) f(-2)=]-2|=2 (-2,2)
-1 f(=1)=-1]=1 (-L1)
0 f(0)=lo[=0 (0,0)
1 == (1,1)
2 /(2)=P=2 (22)
x g(x)=[x-2 (x.7)
-2 g(-2)=|-2]-2=0 (-2,0)
-1 g(-1)=|-1]-2=-1 (-1,-1)
0 g(0)=l0o]-2=-2 (0,-2)
1 g(l)=[1]-2=-1 (1,-1)
2 g(2)=[2]-2=0 (2,0)

=11 y, LD

\CBH
_(2,2)

(-2,2) 17
(=2,0 -7

gx) =|x|-2

Sx) = x|

The graph of g is the graph of f'shifted down 2 units.
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46. ¥ f(x)=]+| (x,») P
-2 f(=2)=]-2=2 (-2,2) {;((?); P2 @10
-1 f(=1)=]-1=1 (-L.1) ,2) TS 3’2
0 f(0)=]o[=0 (0,0) (-1,1) //(1: D
1 r=p=1 (L1) (0,03 x
2 7(2)=[|=2 (2.2) =2 =604 N(-1,-1)
(=2, -8) 1T
X g(x)= |x|+1 () The graph of g is the graph of f shifted up 2 units.
) g(-2)=|-2[+1=3 (-2.,3) .8
-1 g(- 1):| 1|+1 2 (-1,2) : X f(x):x3 (x,»)
0 g(0)=[0[+1=1 (0.1) 2 | f(=2)=(2’=-8 | (2-8)
1 g(1)=[]+1=2 (1,2) -1 | f(-1)=(=1)P=-1 | (-L-1)
2 g(2)=2|+1=3 (2,3) 0 £(0)=(0) =0 (0,0)
S = | x| ! )= =1 (L1)
g =|x|+1 y,(0,1) 2 £(2)=(2)* =8 (2.8)
: /- —(2,3)
52: = —=—2,2) X g(x)=x"-1 (%)
(_1’2)/ 7 X Sl —2 g(—2)=(—2)3—l=—9 (_2 _9)
’ 0,0)1(1,1
LA N ) 1| g == | (L)
—(0) _1=_ _
The graph of g is the graph of f shifted up 1 unit. 0 2(0)=(0) -1= (0.
4 1 g()=(1’-1=0 (1,0)
7.
F S)=a (22) 2 | s@=@'a=7 | @7
P o)== | (2-8)
-1 =x
f(=1)=(-1) =1 (-L.-1) ﬁg =x-1 Y _(2,8)
0 0)=(0)’ =0 (0,0) -+ 2,7
0= )3 (1,1
! S()=0)"=1 (L1) 0,0t -(1,0)
2| r@=@'=s | @) N gsE==-  SSEREIE
2 ) fro-1)
, O L
x g(x)=x'+2 (x.7) (-2,-9~
S ¢(-2)= (_2)3 . (~2,-6) The graph of g is the graph of f'shifted down 1 unit.
-1 g(-1)=(-1+2=1 (-L1)
0 2(0)=(0) +2=2 (0,2)
1 g()=(1+2=3 (13)
2 g(2)=(2) +2=10 (2,10)
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49.

50.

x f(x)=3 (x.2)
) f(=2)=3 (-2.3)
1 f(-1)=3 (-1,3)
0 £(0)=3 (0,3)
1 f(1)=3 (1,3)
2 f(2)=3 (2,3)
x g(x)=5 (x,)
) g(-2)=5 (-2,5)
-1 g(-1)=5 (-L5)
0 g(0)=5 (0,5)
1 g(1)=5 (L5)
2 g(2)=5 (2,5)
0,5
(-1,9) \w 1,5)
(-2, 5)\ : _-(2,5)
gy = // 2,3)
J) = RP= n
(—2,3)/ 5
(-1,3)" X
0,3) €3

The graph of g is the graph of f'shifted up 2 units.

x f(x)=-1 (x.»)
> 7(-2)=-1 —2,-1)
-1 f(=1)=-1 (-L-1)
0 £(0)=-1 (0,-1)
1 f(1)=-1 (1-1)
2 7(2)=—1 (2.-1)
x g(x)=4 (x.y)
o g(2)=4 (-2,4)
1 g(-1)=4 (-1.4)
0 g(0)=4 (0,4)
1 g(1)=4 (14)
2 g(2)=4 (2,4)

51.

Section 1.2 Basics of Functions and Their Graphs

(0,4

(-1,4)
(=2,4)_

N\, /

(1,4)
2.4

gx) =

f)=-1

(2, -1

(-2,-1)~

1, -1

-1,-1)
(O, _1)

The graph of g is the graph of f'shifted up 5 units.

x f(x)=+x (x.y)
0 f(0)=v0=0 (0,0)
1 f()=+1=1 (1,1)
4 f(4)=+4=2 (4.2)
9 f(9)=+0=3 (9:3)
x g(x)=x-1 (x.y)
0 | g(0)=vo-1=-1 | (0.-1)
1 g(1)=+I-1=0 (1,0)
4 g(4)=+4-1=1 (4,1)
9 | g(9)=\0-1=2 (9.2)
(4,\\2) (9,\\3)

o\ ) =%
’ T ) =

0, 1) i o

1,0 41D 92

The graph of g is the graph of f'shifted down 1 unit.
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52.

53.

144

x f(x)=+x (x.»)
0 £(0)=vo=0 (0,0)
1 S()=1=1 (L1)
4 S(4)=V4=2 (4.2)
9 7(9)=+9=3 (9.3)
x g(x)=\/;+2 (x,»)
0 g(0)=Vo+2=2 (0,2)
1 g()=+1+2=3 (1,3)
4 g(4)=V4+2=4 (4,4)
9 2(9)=\9+2=5 (9,5)
4,4) (9,
0.9 2 ),( i g) =% +2
0D\ et T =&
& 10
©,0)” | "1 *

The graph of g is the graph of f'shifted up 2 units.

| |
1,1 42) 93

!
1,0 (2\, D G2

x f(x)=+x (x,)

0 f(0)=+0=0 (0,0)

1 f()=+1=1 (1,1)

4 f(4)=+4=2 (4.2)

9 f(9)=9=3 (9:3)

x g(x)=+x-1 (x,»)

1 g(1)=Vi-1=0 (1,0)

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

5 g(5)=5-1=2 (5,2)

10 | g(10)=+10-1=3 | (10,3)
vy @D 03 s
a1 3 l\ \ (6% f x

\ \ s== m/(f(}fx;)— =1

(0’0)/ \ \ '

The graph of g is the graph of f'shifted right 1 unit.

54.

S5S.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

x f(x)=+x (x.7)
0 /(0)=+0=0 (0,0)
1 S()=+1=1 (L1)
4 S(4)=V4=2 (4.2)
9 f(9)=+0=3 (9.3)
X g(x)=+x+2 (x,»)
2 | g(-2)=v=2+2=0 | (-2,0)
-1 (-1)=~=1+2=1 | (-L1)
2 (2)=v2+2=2 (2,2)
7 (7)=7+2=3 (7.3)
@2 .3 .
(-1,1) ST ’gfg):g
z 1009, 3)
(-2,0) \ *
A N(4,2)

\ N\
0,00 1,1

The graph of g is the graph of f'shifted left 2 units.

function

function

function

not a function

not a function

not a function

function

not a function
function

function
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68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

fi-4=4
f(=3)=0
FE-1)=0
g(-4)=2
g(2)=-2
g(-10)=2
g(10)=-2

When x=-2, g(x)=1.

When x=1, g(x)=-1.

e

domain: (—oo, o)

range: [—4, o)

x-intercepts: —3 and 1
y-intercept: —3

f(-2)=-3 and f(2)=5
domain: (—oo, )

range: (—o0, 4]

x-intercepts: —3 and 1
y-intercept: 3

f(=2)=3 and f(2)=-5
domain: (—oe, o)

range: [1, o)

x-intercept: none
y-intercept: 1

f(-)=2 and f(3)=4

Section 1.2 Basics of Functions and Their Graphs

80. a. domain: (—o, )
b. range: [0, )
c. x-intercept: —1
d. y-intercept: |
e. fl4)=3andf(3)=4
81. a. domain: [0, 5)
b. range: [-1,5)
c.  x-intercept: 2
d. y-intercept: —1
e. fi3)=1
82. a. domain: (-6, 0]
b. range: [-3,4)
c. x-intercept: —3.75
d. y-intercept: -3
e. fl-5)=2
83. a. domain: [0, )
b. range: [1, )
¢.  x-intercept: none
d. y-intercept: 1
e. fld)=3
84. a. domain: [-1, ©)
b. range: [0, )
c.  x-intercept: —1
d. y-intercept: |
e. f(3)=2
85. a. domain: [-2, 6]
b. range: [-2, 6]
c.  x-intercept: 4
d. y-intercept: 4

e. fi-1H=5

Copyright © 2018 Pearson Education, Inc.
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86. a. domain: [-3, 2] 92. a. domain: {-5,-2,0,1,4}
b. range: [-5, 5] b. range: {-2}
1 c.  x-intercept: none
¢ x-intercept: ) d. y-intercept: -2
d. y-intercept: 1 e S/ (@B=-2+(2)=—4
e. fi-2)=-3 93. g(1)=3(1)-5=3-5=-2
2
D)=f(-2)=(-2)"—-(-2)+4
87. a. domain: (—oo,0) f(g( ))=£4(-224110) (-2)
b.  range: (=, ~2] 94, g(-1)=3(-1)-5=-3-5=-38
2
c.  x-intercept: none / (g (_1)) - £4(;§)+:4(:87)6 —(-8)+4
d. y-intercept: -2
95. [3—(~1)—(=6)* +6+(—6)-4
e. fl4)=-Sandf4)=-2 :@—36+6+(—6)-4
88. a. domain: (—o0, ) =J4-36+-1-4
=2-36+—4
b. range: [0, ) = _gg +—4
¢.  x-intercept: {x| x < O}
96. |-4—(~1)|~(-3)* +-3+3--6
d. y-intercept: 0 =4+ 1| -9+-3+3--6
=|-3|-9+-1--6
e. f-2)=0andf(2)=4 =3-9+6=-6+6=0
89. a. domain: (—oo,0) 97.  f(~x)-f(x)
e ()5 (3 _
b. range: (0, ) =(—x)" +(-x) 35 (x” +x 5)3
=—x —x—=5-Xx" —x+5=-2x"-2x
¢.  x-intercept: none
| 98. (%)~ /(%)
d. y-intercept: 1.5 =(—x)2 —3(—x)+7—(x2 —3x+7)
e. fiH)=6 =x? +3x+7-x> +3x—7
=6x
90. a. domain: (—oe,1)UJ(1,00)
99. a. {(Iceland, 9.7), (Finland, 9.6), (New Zealand,
b.  range: (=e0,0)U(0,0) 9.6), (Denmark, 9.5)}
¢.  x-intercept: none b. Yes, the relation is a function because each

d. y-intercept: —1 country in the domain corresponds to exactly
one corruption rating in the range.

e. =1

PR c.  {(9.7,Iceland), (9.6, Finland), (9.6,

91. a.  domain: {-5,-2,0,1, 3} New Zealand), (9.5, Denmark)}

b. range: {2}

d. No, the relation is not a function because 9.6 in
the domain corresponds to two countries in the

range, Finland and New Zealand.

¢.  x-intercept: none
d. y-intercept: 2
f(=5+f(3)=2+2=4

®
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100.

101.

102.

103.

104.

105.

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

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

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

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

f(70) =83 which means the chance that a 60-
year old will survive to age 70 is 83%.

2(70) =76 which means the chance that a 60-
year old will survive to age 70 is 76%.

Function f'is the better model.

£(90) =25 which means the chance that a 60-
year old will survive to age 90 is 25%.

2(90) =10 which means the chance that a 60-
year old will survive to age 90 is 10%.

Function fis the better model.

G(30) = —0.01(30)2 +(30)+60 =81
In 2010, the wage gap was 81%. This is
represented as (30,81) on the graph.

G(30) underestimates the actual data shown by
the bar graph by 2%.

G(10) = —0.01(10)2 +(10)+60=169
In 1990, the wage gap was 69%. This is
represented as (10,69) on the graph.

G(10) underestimates the actual data shown by
the bar graph by 2%.

C(x) =100,000+100x
C(90) =100,000+100(90) = $109,000
It will cost $109,000 to produce 90 bicycles.

106. V(x) =22,500—-3200x

¥ (3) = 22,500 —3200(3) = $12,900
After 3 years, the car will be worth $12,900.
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107.

108.

109.

118.

119.

120.

121.

122.

123.

124.

125.

126.

Section 1.2 Basics of Functions and Their Graphs

40 4
T(x)=20, 40
B W
T(30)=—+
30 30+30
80 40
=—b4—
60 60
120
60
=2

If you travel 30 mph going and 60 mph returning,
your total trip will take 2 hours.

S(x)=0.10x+0.60(50 — x)
S(30)=0.10(30)+0.60(50-30) =15
When 30 mL of the 10% mixture is mixed with 20

mL of the 60% mixture, there will be 15 mL of
sodium-iodine in the vaccine.

—117. Answers will vary.
makes sense

does not make sense; Explanations will vary.
Sample explanation: The parentheses used in
function notation, such as f(x), do not imply

multiplication.

does not make sense; Explanations will vary.
Sample explanation: The domain is the number of
years worked for the company.

does not make sense; Explanations will vary.
Sample explanation: This would not be a function
because some elements in the domain would
correspond to more than one age in the range.

false; Changes to make the statement true will vary.
A sample change is: The domain is [—4,4].

false; Changes to make the statement true will vary.
A sample change is: The range is [—2,2).

true

false; Changes to make the statement true will vary.
A sample change is: f(0)=0.8

f(a+h)y=3(a+h)+7=3a+3h+7
f(a)=3a+7
Sfla+h)—f(a)

h
(3a+3h+7)—(3a+7)

h
_3a+3h+7-3a-7 _%_
h h

3
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127.

128.

129.

130.

131.

132.

148

Answers will vary.
An example is {(1,1),(2,1)}

Itis given that f(x+y)= f(x)+ f(y) and f(1)=3.
To find f(2), rewrite 2 as 1 + 1.

S@)=fA+D=7MD+ /(D)
=3+3=6

Similarly:

S =2+ =/2)+ (1)
—6+3=9

f@)=fC+D) =13+ /D)
—9+3=12

While f(x+y)= f(x)+ f(») is true for this function,
it is not true for all functions. It is not true

for f(x) = x? , for example.

—1+3(x—4)=2x
—1+3x-12=2x
3x—-13=2x
—13=—x
13=x
The solution set is {13}.

x—3_x—4

=5
i
u{fiéj—u)x_ j:lo@)
5 2
2x—-6-5x+20=50
—3x+14=50
—3x=36
x=-12
The solution set is {—12}.

Let x = the number of deaths by snakes, in
thousands, in 2014

Let x + 661 = the number of deaths by
mosquitoes, in thousands, in 2014

Let x + 106 = the number of deaths by snails, in
thousands, in 2014

x+(x+661)+(x+106) =1049
xX+x+661+x+106=1049
3x+767=1049

3x =282

x=94

x =94, thousand deaths by snakes
x+661="755, thousand deaths by mosquitoes
x+106 =200, thousand deaths by snails

C() =20+0.40(z — 60)
C(100) =20+0.40(100—-60)
=20+0.40(40)
=20+16
=36
For 100 calling minutes, the monthly cost is $36.

133.

o) =x+2,x=1
y

,3)

134. 2(x+h)* +3(x+h)+5—(2x> +3x+5)

=2(x% +2xh+h*)+3x+3h+5-2x% —3x—5
=2x% +4xh+2h% +3x+3h+5-2x> —3x—5
=2x2 —2x% +4xh+2h* +3x—3x+3h+5-5
=dxh+2h* +3h

Section 1.3

Check Point Exercises

1.

The function is increasing on the interval (—oo,—1),

decreasing on the interval (—1,1), and increasing on

the interval (1,e0).

Test for symmetry with respect to the y-axis.
y= X2 -1
2
y=(-x)"-1
y= x* -1

The resulting equation is equivalent to the original.

Thus, the graph is symmetric with respect to the
y-axis.
Test for symmetry with respect to the x-axis.
y= X2 -1
_ .2
-y=x"-1
_ 2
y=—x"+1
The resulting equation is not equivalent to the

original. Thus, the graph is not symmetric with
respect to the x-axis.

Test for symmetry with respect to the origin.

y=x2—1

2

—y=(-x)"-1

_ .2
-y=x"-1

_ 2

y=—x"+1

The resulting equation is not equivalent to the
original. Thus, the graph is not symmetric with
respect to the origin.
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Test for symmetry with respect to the y-axis.

LR
3
¥ =(=x)
5 _ 3
V> =—x

The resulting equation is not equivalent to the
original. Thus, the graph is not symmetric with
respect to the y-axis.

Test for symmetry with respect to the x-axis.

=3
(-y) =4
M

RN

The resulting equation is not equivalent to the
original. Thus, the graph is not symmetric with
respect to the x-axis.

Test for symmetry with respect to the origin.

LI
3
(=) =(=)
NE R
V=

The resulting equation is equivalent to the original.
Thus, the graph is symmetric with respect to the
origin.

a.  The graph passes the vertical line test and is
therefore the graph of a function. The graph is
symmetric with respect to the y-axis. Therefore,
the graph is that of an even function.

b.  The graph passes the vertical line test and is
therefore the graph of a function. The graph is
neither symmetric with respect to the y-axis nor
the origin. Therefore, the graph is that of a
function which is neither even nor odd.

c.  The graph passes the vertical line test and is
therefore the graph of a function. The graph is
symmetric with respect to the origin. Therefore,
the graph is that of an odd function.

a.  f(=0)=(-0)*+6=x+6=f(x)
The function is even. The graph is symmetric
with respect to the y-axis.

b.  g(—x)=7(=x)° —(=x) ==7x> +x=—f(x)
The function is odd. The graph is symmetric
with respect to the origin.

¢ h(=x)=(-x)> +1=—x" +1
The function is neither even nor odd. The graph

is neither symmetric to the y-axis nor the origin.
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{20
6. C@=

Section 1.3 More on Functions and Their Graphs

if 0<7<60
20+0.40(¢—60) if >60

a. Since 0<40<60, C(40)=20
With 40 calling minutes, the cost is $20.
This is represented by (40,20).

b. Since 80>60,
C(80) = 20+ 0.40(80 — 60) = 28
With 80 calling minutes, the cost is $28.
This is represented by (80,28).

3 ifr=-1
x—=2 ifx>-1

8. a f(x)=-2x2+x+5

Fx+h) ==2(x+h)? +(x+h)+5
=-2(x* +2xh+h*)+x+h+5
=-2x% —4xh—-2h% +x+h+5

b S/

h
—2x? —4xh =217 + x4 h+ 5 (=27 + x+5)
- h
_2x? —Axh—2h% +x+h+5+2xF —x—5
h
_ —4xh—2h* +h

h
h(=4x=2h+1)

h
=—4x-2h+1, h#0

Concept and Vocabulary Check 1.3
L. <f(x); >f(x); =f(x)

2.  maximum; minimum

3. y-axis
4.  x-axis
5.  origin
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10.

11.

12.

f(x); y-axis

—f(x); origin

piecewise

less than or equal to x; 2; -3; 0
difference quotient, x+4; f(x); h; h
false

false

Exercise Set 1.3

1.

150

a. increasing: (—1, o)
b. decreasing: (—eo,—1)
¢c.  constant: none

a. increasing: (—oo, —1)
b.  decreasing: (—1, ©)
¢.  constant: none

a. increasing: (0,c0)
b. decreasing: none

c.  constant: none

a. increasing: (-1, ©)
b. decreasing: none

¢.  constant: none

a. increasing: none

b. decreasing: (-2, 6)
¢c.  constant: none

a. increasing: (-3, 2)
b.  decreasing: none

C. constant: none

10.

11.

12.

13.

14.

15.

16.

increasing: (—oo,—1)

decreasing: none

constant: (—1,00)

increasing: (0, o)

decreasing: none

constant: (—oo, 0)

increasing: (—oo, 0) or (1.5,3)
decreasing: (0,1.5) or (3, «)
constant: none

increasing: (—5,—4) or (=2,0) or (2,4)
decreasing: (—4,-2) or (0,2) or (4,5)
constant: none

increasing: (-2, 4)

decreasing: none

constant: (—eo, —2) or (4, o)
increasing: none

decreasing: (-4, 2)

constant: (—oo,—4) or (2,00)

. x =0, relative maximum = 4

. x=-3, 3, relative minimum = 0
. x=0, relative maximum = 2

. x=-3, 3, relative minimum = —1
. x =-—2, relative maximum = 21

. x =1, relative minimum = —6

. x =1, relative maximum = 30

. x =4, relative minimum = 3
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17.

18.

Test for symmetry with respect to the y-axis.

y=x2+6
y=(—x)2+6
y=x2+6

The resulting equation is equivalent to the original.

Thus, the graph is symmetric with respect to the
y-axis.

Test for symmetry with respect to the x-axis.

y=x2+6
—y=x2+6
y=—x2—6

The resulting equation is not equivalent to the
original. Thus, the graph is not symmetric with
respect to the x-axis.

Test for symmetry with respect to the origin.

y=x2+6
—y=(—x)2+6
—y=x2+6

y=—x2—6

The resulting equation is not equivalent to the
original. Thus, the graph is not symmetric with
respect to the origin.

Test for symmetry with respect to the y-axis.

y=x2—2

2
y=(-x)"-2
y=x2—2

The resulting equation is equivalent to the original.

Thus, the graph is symmetric with respect to the
y-axis.

Test for symmetry with respect to the x-axis.

y=x2—2
_ 2

—y=x"-2
y=—x2+2

The resulting equation is not equivalent to the
original. Thus, the graph is not symmetric with
respect to the x-axis.

Test for symmetry with respect to the origin.

y=x2—2
—y=(—x)2—2
—y=x2—2

y=—x2+2

The resulting equation is not equivalent to the
original. Thus, the graph is not symmetric with
respect to the origin.

19.

20.

Section 1.3 More on Functions and Their Graphs

Test for symmetry with respect to the y-axis.

x=y2+6
—x=y2+6
x=—y2—6

The resulting equation is not equivalent to the
original. Thus, the graph is not symmetric with
respect to the y-axis.

Test for symmetry with respect to the x-axis.

x=y2+6
x=(—y)2+6
x=y2+6

The resulting equation is equivalent to the original.
Thus, the graph is symmetric with respect to the
X-axis.

Test for symmetry with respect to the origin.

x=y2+6
—x=(—y)2+6
—x=y2+6

x=—y2—6

The resulting equation is not equivalent to the
original. Thus, the graph is not symmetric with
respect to the origin.

Test for symmetry with respect to the y-axis.

x=y2—2
_ .2

-x=y"=2
x——y2+2

The resulting equation is not equivalent to the
original. Thus, the graph is not symmetric with
respect to the y-axis.

Test for symmetry with respect to the x-axis.

x=y2—2

2
x=(-y)" -2
x=y2—2

The resulting equation is equivalent to the original.
Thus, the graph is symmetric with respect to the
X-axis.

Test for symmetry with respect to the origin.

x=y2—2
—x=(-y)' -2
—x=y2—2
x=—y2+2

The resulting equation is not equivalent to the
original. Thus, the graph is not symmetric with
respect to the origin.
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21.

22.

152

Test for symmetry with respect to the y-axis. 23.
y2 =x>+6
y? = (—x)2 +6
y2 =x2+6
The resulting equation is equivalent to the original.
Thus, the graph is symmetric with respect to the y-axis.
Test for symmetry with respect to the x-axis.
y2 =x2+6
(- y)2 =x*+6
y=x*+6
The resulting equation is equivalent to the original.
Thus, the graph is symmetric with respect to the x-axis.
Test for symmetry with respect to the origin.
y2 =x2+6
2 2
(=) =(=x)"+6
y= X246
The resulting equation is equivalent to the original.
Thus, the graph is symmetric with respect to the origin.
Test for symmetry with respect to the y-axis. 24.
2 _ 2
y o =x"=-2
2 2
yo=(—x)"-2
o2l

The resulting equation is equivalent to the original.
Thus, the graph is symmetric with respect to the
y-axis.

Test for symmetry with respect to the x-axis.

P ox?o2
(-p) =47 -2
eI

The resulting equation is equivalent to the original.
Thus, the graph is symmetric with respect to the
X-axis.

Test for symmetry with respect to the origin.

P =x2o2

2 2
(=) =(=x)" -2

y=x2—2

The resulting equation is equivalent to the original.
Thus, the graph is symmetric with respect to the
origin.

Test for symmetry with respect to the y-axis.

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

The resulting equation is not equivalent to the
original. Thus, the graph is not symmetric with
respect to the y-axis.

Test for symmetry with respect to the x-axis.

y=2x+3
-y=2x+3
y=-2x-3

The resulting equation is not equivalent to the
original. Thus, the graph is not symmetric with
respect to the x-axis.

Test for symmetry with respect to the origin.
y=2x+3
—y=2(-x)+3
y=2x-3
The resulting equation is not equivalent to the
original. Thus, the graph is not symmetric with
respect to the origin.

Test for symmetry with respect to the y-axis.
y=2x+5

y=2 (—x) +5

y==-2x+5

The resulting equation is not equivalent to the
original. Thus, the graph is not symmetric with
respect to the y-axis.

Test for symmetry with respect to the x-axis.

y=2x+5
-y=2x+5
y=-2x-5

The resulting equation is not equivalent to the
original. Thus, the graph is not symmetric with
respect to the x-axis.

Test for symmetry with respect to the origin.
y=2x+5
—y=2(-x)+5
y=2x-5
The resulting equation is not equivalent to the
original. Thus, the graph is not symmetric with
respect to the origin.
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25.

26.

Test for symmetry with respect to the y-axis.

xz_y3=2

(=)=t =2
2 3 _
x“=y =2

The resulting equation is equivalent to the original.

Thus, the graph is symmetric with respect to the y-
axis.

Test for symmetry with respect to the x-axis.

xz—y3=2
x* (=)' =2
x2+y3:2

The resulting equation is not equivalent to the
original. Thus, the graph is not symmetric with
respect to the x-axis.

Test for symmetry with respect to the origin.

xz—y3 =2

2 3
(=) =(=») =2
x2+y3 =2

The resulting equation is not equivalent to the
original. Thus, the graph is not symmetric with
respect to the origin.

Test for symmetry with respect to the y-axis.

x3—y2 =5
(-2)) -2 =5
_xs_yz -5

The resulting equation is not equivalent to the
original. Thus, the graph is not symmetric with
respect to the y-axis.

Test for symmetry with respect to the x-axis.

x =y° =5
() =
x3—y2=5

The resulting equation is equivalent to the original.

Thus, the graph is symmetric with respect to the x-
axis.

Test for symmetry with respect to the origin.

x3—y2=5

3 2
(=) =(-»)" =5
3 2 _
x> -y~ =5

The resulting equation is not equivalent to the
original. Thus, the graph is not symmetric with
respect to the origin.

27.

28.

Section 1.3 More on Functions and Their Graphs

Test for symmetry with respect to the y-axis.

X2 4% =100
(=x)* +? =100
x> +3? =100

The resulting equation is equivalent to the original.
Thus, the graph is symmetric with respect to the y-
axis.

Test for symmetry with respect to the x-axis.

X2+ % =100
2 2
x“+(=y) =100

x? +1% =100

The resulting equation is equivalent to the original.
Thus, the graph is symmetric with respect to the x-
axis.

Test for symmetry with respect to the origin.

x4y =100
(—x)* +(=y)* =100
X2 4% =100

The resulting equation is equivalent to the original.
Thus, the graph is symmetric with respect to the
origin.

Test for symmetry with respect to the y-axis.

x2 +y2 =49
(—x)2 +y? =49
x2 +y2 =49

The resulting equation is equivalent to the original.
Thus, the graph is symmetric with respect to the y-
axis.

Test for symmetry with respect to the x-axis.

x2 +y2 =49
x? +(—y)2 =49
x2 +y2 =49

The resulting equation is equivalent to the original.
Thus, the graph is symmetric with respect to the
X-axis.

Test for symmetry with respect to the origin.

x2 +y2 =49

2 2
(=2 (=)} =49
x? +y2 =49

The resulting equation is equivalent to the original.
Thus, the graph is symmetric with respect to the
origin.
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29. Test for symmetry with respect to the y-axis.

30.

154

x2y2+3xy=1
(—x)2 y? +3(-x)y=1
2.2 _
x“y" =3xy=1

The resulting equation is not equivalent to the
original. Thus, the graph is not symmetric with
respect to the y-axis.

Test for symmetry with respect to the x-axis.

x2y2+3xy=1
xz(—y)2+3x(—y)=1
2.2 _
x“y" =3xy=1

The resulting equation is equivalent to the original.
Thus, the graph is symmetric with respect to the
X-axis.

Test for symmetry with respect to the origin.

x2y2 +3xy =1

2 2
(=) (=»)" +3(=x)(-») =1
x2y2 +3xy =1

The resulting equation is equivalent to the original.

Thus, the graph is symmetric with respect to the
origin.

Test for symmetry with respect to the y-axis.

x2y2 +5xy =2

2
(~2)" 32 +5(~x)y =2
xzy2 —S5xy=2

The resulting equation is not equivalent to the
original. Thus, the graph is not symmetric with
respect to the y-axis.

Test for symmetry with respect to the x-axis.

xzy2 +5xy=2
2

x? (-=y) +5x(-y)=2
)czy2 —Sxy=2

The resulting equation is equivalent to the original.

Thus, the graph is symmetric with respect to the
X-axis.

Test for symmetry with respect to the origin.

x2y2 +5xy =2

2 2
(=) (=»)" +5(=x)(=y) =2
x2y2 +5xy =2

The resulting equation is equivalent to the original.

Thus, the graph is symmetric with respect to the
origin.

31.

32.

Test for symmetry with respect to the y-axis.

y4 =x+6
y =(—x)3+6
y4 =—x+6

The resulting equation is not equivalent to the
original. Thus, the graph is not symmetric with
respect to the y-axis.

Test for symmetry with respect to the x-axis.

y4 =x+6
(—y)4 =X +6
y4 =x>+6

The resulting equation is equivalent to the original.
Thus, the graph is symmetric with respect to the
X-axis.

Test for symmetry with respect to the origin.

y4 =x>+6
(=)' = (=) +6
y4 =X +6

The resulting equation is not equivalent to the
original. Thus, the graph is not symmetric with
respect to the origin.

Test for symmetry with respect to the y-axis.

y5 =x*+2
y° =(—x)4+2
y5 =x*+2

The resulting equation is equivalent to the original.
Thus, the graph is symmetric with respect to the y-
axis.

Test for symmetry with respect to the x-axis.

y5 =x*+2

(—y)5 =x*+2

—y5 =x*+2
y5 =—x*-2

The resulting equation is not equivalent to the
original. Thus, the graph is not symmetric with
respect to the x-axis.

Test for symmetry with respect to the origin.

y4 =¥ +6
(=) =(=x)’ +6
y4 =-x>+6

The resulting equation is not equivalent to the
original. Thus, the graph is not symmetric with
respect to the origin.

Copyright © 2018 Pearson Education, Inc.



33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

The graph is symmetric with respect to the y-axis.

The function is even. 45.
The graph is symmetric with respect to the origin.
The function is odd.
The graph is symmetric with respect to the origin.
The function is odd.
The graph is not symmetric with respect to the y-axis 46.
or the origin. The function is neither even nor odd.
f(x)= +x
S =07 + ()
f(=x)= - —x= —(x3 +x)
f(=x)=—f(x), odd function 47.
f@)=x"—x
S = (07 ()
f(=x)= S +x= —()c3 —X)
f(=x)=—f(x), odd function
_ 2
gx)=x"+x 48.

2(=x) = (=x)* +(~x)

g(—x)= x? — x, neither

g(x)= X% —x
g(=x) = (=x)* = (~x)

g(—x)= x>+ x, neither

h(x) = x2—x*
h(=x) = (-x)* = (-x)*
h(—x)=x"—x

h(—x) = h(x), even function

h(x)=2x> +x*

h(=x) = 2(=x)” +(-x)*
h(-x) = 2x* +x*

h(—x) = h(x), even function

f(x)=x>—x*+1
f(=x) == = (0" +1
f=x)=x>—x* +1
f(=x)= f(x), even function

f(x)= 232 +x* +1
f(=x)=2(=x)% +(=x)* +1
f(=x)= 232 +x* 41
f(=x) = f(x), even function

49.

Section 1.3 More on Functions and Their Graphs

f(x)= éx" _3y2
f(=x)= %(—x)f’ 3y
f(ex) = éx" _3y2
f(=x) = f(x), even function
f(x)=2x"—6x
f(=x) =2(-x)* —6(-x)°
f(—x)= 2% +6x°

F(=x)=—(2x> —6x°)
f(=x) =~ f(x), odd function

f(x)=x\jl—x2
[0 =—x1= ()

f(=x) =—x\jl—x2
_ 2

i)

fl=x) = — f(x), odd function

f(x) = x’\1-x?
(=) = (=) 1= (=)
f(=x) =x’\1-x?

f(=x) = fix), even function

=

a. domain: (—oo,c0)

&

range: [—4,e0)

¢. Xx-intercepts: 1,7

d. y-intercept: 4
e (4)

f.  (0,4)

g (==0)

h x=4

i y=—4

i f(=3)=4

k. f(2)=-2 and f(6)=-2

I.  neither; f(-x)#x, f(—x)#—x
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50. a. domain: (—eo,o0) e.  (—o0,-2)
b. range: (—oo,4] f.  (2,6)
¢.  x-intercepts: 4, 4 g (-2,2)
d. y-intercept: 1 h. (_3’ 3)
e. (—e,—2)or (0.3) ii x=-5 and x=5
f.  (-2,0) or (3,e) jo  negative; f(4)=-1
k. neither

g (—oo,—4] or [4,)
I.  no; f(2) is not greater than the function values to
h. x=-2 and x=3 the immediate left.

i  f(-2)=4and f(3)=2 53. a. A-2)=3(-2)+5=-1

b. A0)=4(0)+7=7
i f(2)=4 A0 =40
c. fi3)=4(3)+7=19
k. x=-4 and x=4
54 a. f-3)=6(-3)—1=-19

L. neither; f(—x)#x, f(—x)#—x b. A0)=7(0)+3=3
51. a. domain: (—oo,3] c. fH=74+3=31
b. range: (—oo,4] 55. a. g(0)=0+3=3

b, g(-6)=—(6+3)=—(3)=3
c.  x-intercepts: -3, 3 8(-6) = )=—(3)

c. g(-3)=-3+3=0

d.  f(0)=3
56. a. g(0)=0+5=5
e. (—oo,1)
b.  g(-6)=—(6+5)=—(-1)=1
f.  (13) c. g(-5=-5+5=0
R (S 2_ -

& (=3 57. 2 wS)= =22 10 ¢

5-3 2
h. f(H)=4

0°-9 -9
i - b. A(0)= =—=3
i x=1 © 0-3 -3
j-  positive; f(-1)=42 c. h3)=6

e 2 B
52. a. domain: (—o,6] 58 a. h(7)=7 25 _49-25_24_
7-5 2 2
b. range: (—oo,1] 5
b. h(o):O _25:__25:5

c. zerosoffi-3,3 0-5 =5
d  f0)=1 c. h(5)=10
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59. a. y 64. a. y
I I
| M | )
-3, 3,3
(-3 J)I @3,3) (<355
EEuis ) (-4,-2 20"
1111
—xifx <0 _fx+2ifx< -3
CES iy SO =1y e = -3
b. range: [0,0) b. range: (—oo,c0)
60. a. y 65. a. y
i (=4, )T
©,0) —1,3)~
5 x
(=3,-3) 3.-3) ;s ¥
A PHEFHG
xifx <0 Jifx=-1
f(x) I_x ifx=0 f(x) = —3ifr> -1
b. range: (—oo,0] b. range: {-3,3}
1. a. y 66. a. y
61. a TTTRITTTT] (4,95
R 4
(.2 ! '—'11,4}
— 1 r3
(00)-’_x IIII {3,_4:x
(=2.-4) (=L —4) oo
[ T
2x ifx=<0 4ifxr=-1
D= 12 x>0 S =1 _gitx> -1
b. range: (—e0,0]U {2} b. range: {-4,4}
62. a. y 67. a. y
HHS (I3,I3I;)IZ 5 /HH
—(0,3) 2.3
=229X 14 1)
- L1 )
0,03~ TO, 0] 15 x
(_49 _21 |\19 E)::
EEmE; |1 W/
fo=12" fos() o = %xz ifx<1
3 =0 2 —lifx=1
b. range: (—eo,0|U {3}
( ] b. range: [0,e0)
63. a. y
SHH
=m
(=2,1) 53, 00/
(_49 _1) 5 x
|
(_29 _5)
x+3ifx< -2
D=1y 3itx= -2

b. range: (—oo,o0)
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\
=

2y + 1lifx=1

b. range: (—eo,0]U[3,0)

69. a )
(=4, 97Tk |
. 2.9
(=6,0) /
(=4, 00 N3 x
(0, 0)
1
11
0 ifx<-—-4
fx)={—x if-4=x<0
Lifxr=0
b. range: [0,c0)
70. a. y
3y TS
III (2’3)
(_390) /
/ X
(05 _1):
(©, 0)
N
0 ifx<-3
f)y=1—x if-3=x<0
P —1lifx=0

b. range: [—1,0)

n, L)
_ 4(x+h)—4x

/
_4x+4h—4x

158

72.

73.

74.

75.

S(x+h) - f(x)
h
_T(x+h)-Tx

h
_Ix+Th-"Tx

S(x+h)—f(x)
h
=3(x+h)+7—(3x+7)

h
_ 3x+3h+7-3x-7

S(x+h) = f(x)
h
=6(x+h)+1—(6x+l)

h
_bx+6h+1-6x-1

Sx+h) -~ f(x)
h

B (x+h)* —x?

_ X2+ 2xh+h% - x*
h

_ 2xh+h?

h
h(2x+h)

h
=2x+h
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76.

77.

78.

79.

Sx+h)—f(x)
h

_ 2(x+h)? —2x

_2(x% +2xh+ h?) - 247

2x2 +dxh+2h% —2x?

h
dxh+2h*

h
B h(4x+2h)

h
=4x+2h

Sx+h) - f(x)

h
(xR —A(x+h)+3—(x* —4x+3)
h
X2 4 2xh+h? —4x—4h+3—x% +4x -3
h
2xh+h* —4h
h
_ hQx+h—4)
h
=2x+h-4
S(x+h) - f(x)
h
(x4 1) =5(x+h)+8— (x> —5x+8)
h
X2 +2xh+h? —=5x—5h+8—x* +5x—8
h
2xh+h*=5h
h
_ h(2x+h=5)
- h
=2x+h-5
S(x+h) - f(x)
h
3 2()c+h)2+(x+h)—l—(2x2 +x-1)
B h
22X +4xh+2h% +x+h—1-2x —x+1
h
4xh+2h% +h
h
_ h(4x+2h+1)
- h
=4x+2h+1

80.

81.

82.

83.

Section 1.3 More on Functions and Their Graphs

Sx+h) - f(x)

h
3(x+h)2 +(x+h)+5-(Gx* +x+5)
- h
3x2 +6xh+3h +x+h+5-3x* —x -5
h
6xh+3h% +h
h
_ h(6x+3h+1)
- h
=6x+3h+1
SO+h) = f(x)
h
C—(x+h) 4 2(xth)+4— (x4 2x+4)
- h
_—x? = 2xh—h* +2x+2h+4+ x> —2x—4
h
—2xh—h* +2h
h
3 h(—2x—h+2)
- h
=2x—h+2
S+ - 1)
h
(x4 k) =3(x+h)+1-(—x% =3x+1)
- h
—x% —2xh—h* =3x-3h+1+x> +3x—1
h
—2xh—h? —3h
h
h(-2x—h-3)
- h
=2x—-h-3

SO+ - f(x)
h

“2(x+h)? +5(x+h)+T—(=2x% +5x+7)

h

_ 2x% —dxh—2h* +5x+5h+7+2x% —5x -7

h
 —4xh—2h* +5h

h
h(~4x=2h+5)

h
=—4x-2h+5
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84. PACRO N AC)] 89. PACR N AC)]
h h
“3(x+h)* +2(x+h)—1—(=3x% +2x—1) 1 1
= 7 _x+th x
2 2 2 h
:—3x —6xh—3h" +2x+2h—1+3x" —2x+1 X —(x+h)
h
 —6xh—3h +2h - Xxth) hx(x+h)
h(=6- 3042 ok
_ (_6x_3 + ) x(x+h)
h ==
=—6x—3h+2 K
S+ () Seitad)
gs, LATUZJAY
i A
C2(x+h) (x4 h)+3- (=227 —x+3) x(x+h) h
- p L
ox? —dxh—2h% —x—h+3+2x% +x—3 x(x+h)
h
—4xh—2h% —h 90, JGXHM-f(¥)
R h
_ h(~4x—2h-1) 1
B h 20x+h) 2x
=—dx—2h-1 T —
X x+h
h _ pa—
86. M _ 2x(x+h) 2x(x+h)
2 2 h
=3(x+h)" +(x+h)—1-(=3x" +x~1) _—h
= i :2x(x+h)
_ 3 —6xh=3h" +x+h-143x" —x+1 L
p = 1
—6xh—3h%+h 2x(xyh) h
h R
h(~6x=3h+1) 2x(x+h)
-a=
=—6x—3h+1 IRRPACERORNAC))
h
fGx+h)-f(x) 6-6 0 A
Sx+h)—-f(x) _7-7_0 Vx+h=x Jx+h+/x
88. ) - .
h h h h Jx+h++x
_ x+h—x
h(\/x+h+\/;)
h
h(\/x+h+«/;)
|
S x+h+/x
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oy JGHN=/()

h
_Nx+h-1-+x-1

h
_Nx+h=l1-+x=1 Jx+h-1+x-1
h )\/x+h—1+\/x—1

x+h-1-(x-1

h(Nx+h=1+x-1)

x+h—-1-x+1

h(x/x+h—1+\/ﬁ)
h

h(x/x+h—1+\/;)
1
Jx+h—1+/x-1

93. JI 15+ f(0.9) - [f@] +f(=3)+ £ () f(-7r)

=140 -[-4]* +2+(-2)-3
=1-16+(-1)-3
=1-16-3

=18

94. J1(25)= A9 -[/m + f(=3)+ f (1) f(x)

Vf(=2.5)- f(1.9) —[f(—ff)]2 + /(3= 1) f(7)
= 2= (22) -[3] +2+(-2)-(-4)
=J4-9+(-1)(-4)

=2-9+4

=3

95. 30+0.30(—120)=30+0.3r-36=0.3t-6

(9
100
80
60 ‘
40 » (200, 54)
20 (120, 30)
s !
FEIES
- = Q&

96. 40+0.30(—200)=40+0.3r—60=0.3r-20

(9
100
80
60
40 A (250, 55)
20 =~ (200, 40)
s
R R—
- e N N

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

Section 1.3 More on Functions and Their Graphs

() = 50 if 0<7<400
~ 50+0.30(1 — 400) if ¢ > 400
c(®
200
160 ~—(800, 170)
120 /
80 —=-(400, 50)
40
coocoo !
SEERE
60 if 0<7<450
c@)= .
60+0.35(z —450) if £ > 450
o
250
200 = (900, 217.5)
150 ,
100 - (450, 60)
50 -
r
coococes I
JIFETES
—
increasing: (25, 55); decreasing: (55, 75)

increasing: (25, 65); decreasing: (65, 75)

The percent body fat in women reaches a maximum
at age 55. This maximum is 38%.

The percent body fat in men reaches a maximum at
age 65. This maximum is 26%.

domain: [25, 75]; range: [34, 38]

domain: [25, 75]; range: [23, 26]

This model describes percent body fat in men.
This model describes percent body fat in women.

7(20,000) = 850+ 0.15(20,000 — 8500)
=2575

A single taxpayer with taxable income of $20,000
owes $2575.

7(50,000) = 4750+ 0.25(50, 000 — 34, 500)
25

A single taxpayer with taxable income of $50,000
owes $8625.

42,449+ 0.33(x—174,400)

110,016.50+ 0.35(x — (x —379,150)
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111. £(3)=0.93

The cost of mailing a first-class letter weighing 3
ounces is $0.93.

112. £(3.5)=1.05

The cost of mailing a first-class letter weighing 3.5
ounces is $1.05.

113. The cost to mail a letter weighing 1.5 ounces is
$0.65.

114. The cost to mail a letter weighing 1.8 ounces is
$0.65.

115. Pet Insurance

S
(10, 32)

(14, 40)

$40 | | i’

g $30|( (9, 30)
$204 o ®2

101200
M &,

5 10 15
Age

I
20

~N 1T

116. - 124. Answers will vary.

125. N EEENES fl
CALC MINIMUM
49 Y450.00002K240.008K2-0.3K+6.95

0
Minimum

m
¥=20.294498 ¥=3.9894113

The number of doctor visits decreases during
childhood and then increases as you get older.

The minimum is (20.29, 3.99), which means that the
minimum number of doctor visits, about 4, occurs at
around age 20.

126. NORMAL FLOAT AUTO REAL RADIAN MP 1

| e

Increasing: (—eo, 1) or (3, )
Decreasing: (1, 3)

127.

128.

129.

130.

NORMAL FLOAT AUTO REAL RADIAN MP n
5
=1 5
=5

Increasing: (-2, 0) or (2, )
Decreasing: (—oo, —2) or (0, 2)

NORMAL FLOAT AUTO REAL RADIAN MP n
5
N A
o 3
—51

Increasing: (2, o)
Decreasing: (—eo, —2)
Constant: (-2, 2)

NORMAL FLOAT AUTO REAL RADIAN MP n

5

—3 ' V 5
-5

Increasing: (1, )

Decreasing: (—o, 1)

RINORMAL FLOAT AUTO REAL RADIAN MP n

Increasing: (0, o)

Decreasing: (—oo, 0)
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131.

NORMAL FLOAT AUTO' REAL RADIAN MP n

Increasing: (-0, 0)
Decreasing: (0, )

132. a.

C.

d.

NORMAL FLOAT AUTO' REAL RADIAN MP n

=l

NORMAL FLOAT AUTO REAL RADIAN MP n

2y=,\§

Increasing: (0, )
Decreasing: (—, 0)

f ( x) =x" is increasing from (oo, 0c0) when n

133.

134.

135.

136.

137.

138.

139.

140.

141.

Section 1.3 More on Functions and Their Graphs

does not make sense; Explanations will vary.
Sample explanation: It’s possible the graph is not
defined at a.
makes sense
makes sense
makes sense
answers will vary
answers will vary
a. hiseven if both fand g are even or if both f'and
g are odd.
fand g are both even:
h(—x) — f(_x) — f(x) — h(.x)
g-x) g
fand g are both odd:
NG B 43 W (S B
gx) —gx) g

b. hisoddiffis odd and g is even or if fis even

and g is odd.
fis odd and g is even:

PRI B4 Co B (S BN
g=x) g g(x)
fis even and g is odd:
Hen) =L CO_S@ @
gx) —glx) g

Let x = the amount invested at 5%.
Let 80,000 — x = the amount invested at 7%.
0.05x+0.07(80,000— x) = 5200
0.05x+5600-0.07x =5200
—0.02x + 5600 = 5200
—0.02x = —400
x=20,000
80,000 - x = 60,000
$20,000 was invested at 5% and $60,000 was
invested at 7%.

C=A4A+Ar
C=A+Ar
C=A(1+r)
< _y
1+~

Copyright © 2018 Pearson Education, Inc.
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142. 5x° —6x-8=0
a:S’b=—6,C=—8

o= —bi\/b2 —4ac
2a

O ~45)(-8)

2(5)
L 6£\/36+160

The solution set is {—%,2}.

43, 2z 40l 3
n-x  2-(3) 1

144. When y=0:

4x-3y-6=0
4x-3(0)—-6=0
4x-6=0
4x=6

3

xX==

2

The point is (%,Oj.

When x=0:
4x-3y-6=0
4(0)-3y-6=0
-3y-6=0
-3y=6
x=-2
The point is (0,-2).

145. 3x+2y—-4=0

2y=-3x+4
_ —3x+4
2
or
3
=——x+2
a

164

Section 1.4

Check Point Exercises

-2-4 -6
m:—:—:

—4-(=3) -1

-1-4 -5 5

Point-slope form:
y=y =m(x=x)

y=(=5)=6(x-2)
y+5=6(x-2)

Slope-intercept form:

y+5=6(x-2)

y+5=06x-12
y=6x-17

me —6-(D_-5_
-1-(-2) 1
so the slope is —5.
Using the point (-2, —1), we get the following point-
slope equation:
Y=y =mx-x)
y=(=1)==5x-(=2)]
y+1=-5(x+2)
Using the point (-1, —6), we get the following point-
slope equation:
Y=y =m(x-x)
y=(=6) = =5[x—(=D)]
y+6=-5x+1)
Solve the equation for y:
y+1=-5(x+2)
y+1=-5x-10
y=-5x-11.

>

The slope m is % and the y-intercept is 1, so one

point on the line is (0, 1). We can find a second point

3 _ Rise. :
5= Run - starting

at the point (0, 1), move 3 units up and 5 units to the
right, to obtain the point (5, 4).
y
e

on the line by using the slope m =

w

(_59 -
i

Y
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y =3 is a horizontal line.

y=3y
310, 3)
(-4,3) “4,3)

All ordered pairs that are solutions of x =-3 have a

value of x that is always —3. Any value can be used
for y.

x==-3Y
|
(_394) F
]
(_3’0)
am x
|
(=3,-4)
|
3x+6y—12=0
6y=-3x+12
“3 12
4 6 6
y=—=x+2
y
EEEEETEEEa.
= (0, 2)
(-2,3) 2,1):
3 X
3x+6y—12=0

The slope is —% and the y-intercept is 2.

Find the x-intercept:

3x-2y-6=0
3x-2(0)-6=0
3x-6=0
3x=6

x=2

Section 1.4 Linear Functions and Slope

Find the y-intercept:

3x-2y-6=0
3(0)-2y—-6=0
—2y—-6=0
—2y=6
y=-3
y
5 7
A 5 x
(0, —3)¢1(2, 0)-
Y 4 1
¥ [l
3x—-2y=6

9.  First find the slope.
me Changeiny 57.64—-57.04 0.6
Change in x 354-317 37

Use the point-slope form and then find slope-
intercept form.

Y=y =mx—x)
y—57.04=0.016(x—-317)
y—57.04=0.016x—5.072

y=0.016x+51.968
f(x)=0.016x+52.0

Find the temperature at a concentration of 600 parts

per million.

£(x)=0.016x+52.0
£(600) = 0.016(600) +52.0
=61.6

=0.016

The temperature at a concentration of 600 parts per
million would be 61.6°F.

Concept and Vocabulary Check 1.4

1.  scatter plot; regression

2. Y2 =N
X2 —X

3. positive
4. negative

5. zero

6. undefined
7. y=yn=mx-x)
8. y=mx+b; slope; y-intercept

9. (0,3); 25
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10.

11.

12.

horizontal
vertical

general

Exercise Set 1.4

10.

11.

12.

13.

166

10-7 .
=———=2>; rises
8—-4
m=ﬁ=—=3; rises
3 —
2-1 .
= ; rises
2—-(-2) 4
4-3 .
= =—; rises
2—-(-1) 3
m= 2-(=2) = 0 =0; horizontal
3-4 -1
= ﬂ = i =0; horizontal
3—-4 -1
m =ﬂ=—_5=_5; falls
-1-(=2) 1
m= 2=(4) = 2 =—1; falls
4-6 -2
m= —2-3 = = undefined; vertical
5-5 0
m= Rl ) ; (_34) = 2 undefined; vertical

m=2,x=3, =5

point-slope form: y — 5 =2(x — 3);

slope-intercept form: y—5=2x-6
y=2x-1

point-slope form: y — 3 =4(x — 1);
m=4,x =1Ly =3;
slope-intercept form: y = 4x — 1

m=06,x =-2,y =5
point-slope form: y — 5 = 6(x + 2);

slope-intercept form: y—5=6x+12
y=6x+17

14.

15.

16.

17.

18.

19.

20.

21.

22.

point-slope form: y + 1 = 8(x — 4);
m=8,x =4,y =-1;
slope-intercept form: y = 8x — 33

m==3,x=-2, yy =-3;

point-slope form: y + 3 =-3(x + 2);

slope-intercept form: y+3=-3x—-6
y=-3x-9

point-slope form: y + 2 =—5(x + 4);
m==5,x =4,y =-2;
slope-intercept form: y = —5x — 22

m=-4,x =-4, y =0;

point-slope form: y — 0 = —4(x + 4);

slope-intercept form: y =—4(x+4)
y=—4x-16

point-slope form: y + 3 =-2(x — 0)
m=-2,x =0,y =-3;
slope-intercept form: y =-2x—3

-1
m=-1,x =—, y =-2;
1= N
. 1
point-slope form: y+2=-1 x+§ ;
. 1
slope-intercept form: y+2=—-x— 5

=—x——
Y 2

point-slope form: y +% =—1(x+4);
m=-1,x =-4 Y
s M 7y] 4’

. 17
slope-intercept form: y =—x s

point-slope form: y—0= %(x -0);

. 1
slope-intercept form: y = Ex

. 1
point-slope form: y—0= 3 (x-0);

1
m=—,x =0,y =0;
3 1 N

. 1
slope-intercept form: y = gx

Copyright © 2018 Pearson Education, Inc.



2

m=-—,x =6, y =-2;
30 M Y1

23.

point-slope form: y+2= —%(x —-6);

. 2
slope-intercept form: y+2=——x+4

2
=——=x+2
Y773
. 3
24. point-slope form: y+4 = —g(x —10);
m= —z,xl =10,y =—4;
5
. 3
slope-intercept form: y=——x+2
10-2
25. 0 =

m :—=§ 2;
5-1 4
point-slope form: y —2 =2(x — 1) using
(xla yl) = (17 2) ,0ry— 10= 2()6'— 5) uSing
(x> y1) =(5,10)
slope-intercept form: y—2=2x—-2or
y—10=2x-10,
y=2x

o, mo137510 5
8-3 5
point-slope form: y — 5 = 2(x — 3) using
(x1,31)=(3,5),0ry—15=2(x — 8) using
(x1,01) = (8,15);

slope-intercept form: y = 2x — 1

27 m=—=% 3.y,
0-(-3) 3
point-slope form: y — 0 = 1(x + 3) using
(x1, y1)=(=3,0),0ory—3=1(x—0) using
(x1, »1) = (0, 3) ; slope-intercept form: y =x + 3

28. m 270 2

T0-(2) 2
point-slope form: y — 0 = 1(x + 2) using
(x1,¥1)=(-2,0), 0ry—2=1(x—0) using
(x1.01)=(0,2);
slope-intercept form: y =x + 2

Section 1.4 Linear Functions and Slope

29, m=27CD_5

2-(=3) 5
point-slope form: y + 1 = 1(x + 3) using
(%, ) =(3,-1),0ory—4=1(x—2) using
(x1, ¥1) = (2, 4) ; slope-intercept form:
y+1l=x+3or
y—4=x-2
y=x+2

30. m="1D 3

- 3
point-slope form: y + 4 = 1(x + 2) using
(x,1)=(-2,—4),0ry+1=1(x— 1) using
(x,01)=(L-1)

slope-intercept form: y =x — 2

31. m= 6-(=2)

4.
3 b

. 4 .
point-slope form: y+2= 3 (x+3) using

(x, »)=(=3,-2),0r y—6=g(x—3) using
(x1, 1) =, 6);

. 4
slope-intercept form: y+2=—+4or

2 om=— 082
6

point-slope form: y—6= —g(x +3) using

(x1.1)=(-3,6), 0r y+2 =—%(x—3) using
(x1.31)=(3,-2):

. 4
slope-intercept form: y=——x+2

3. m=—mED 0y,
4-(-3) 7
point-slope form: y + 1 = 0(x + 3) using
(x, y)=(3,-1),0ry+1=0(x—4) using
(x> y) =4, =1
slope-intercept form: y+1= 0,1s0
y=—

Copyright © 2018 Pearson Education, Inc.
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34.

3s.

36.

37.

38.

168

m=""(_0_
6-(-2) 8

point-slope form: y + 5= 0(x + 2) using

(x1,31)=(-2,—5), 0ry+5=0(x - 6) using

(x1.31)=(6,-5)

slope-intercept form: y+5=0, so
y=-5

>

_0-4 A

-2-2 -4
point-slope form: y — 4 = 1(x — 2) using
(x, ) =(2,4),0ry—0=1(x + 2) using
O, 1) =(=2,0);

slope-intercept form: y—9=x-2,0r
y=x+2

m

1;

3.3
-2

point-slope form: y+3 = —%(x —1) using

(x,3)=(1,-3),0r y-0 =—%(x+1) using
(x1.01)=(-10);

. 3 3
slope-intercept form: y+3 = —Ex +—,or

=——X—
YT,

po 420 4o
1
2

1
0-(-3)
point-slope form: y — 4 = 8(x — 0) using
(x1, 1) =(0,4),0r y-0= 8(x+%) using

(1, J’1)=(_%a 0) ; or y—O:S(x+%)

slope-intercept form: y =8x+4
-2

m=———=———=
—4

point-slope form: y—0= %(x —4) using
(x1,21) =(4,0),

or y+2=%(x—0) using (xp,»)=(0,-2);

slope-intercept form: y = %x -2

39. m=2;b=1

y=2x+1

40. m=3;b=2

St (1, 5)]
JI 11

0,2)]
/

(-1, -1) 5 x

[T TR

LT NP

(_153)

S (CR0ES

H5
1L -1
\
h.UNN

fx)=-2x+1

—_—
|
=
wn
-
~_Lh]
=
Mro 1

=
11
L1

0 |

-

=

,

el

=
[y

A

+ e

= [

Sx)=-3
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Section 1.4 Linear Functions and Slope

X
(09_2):
HHH
50. y=4y
g [ 1]
S
0,4) 7]
X
51,  *=73y
(-3,0
X
52. YAx=5
111
111
i
(590)___
X
53. y=0y
(0, 0)
X
54 x=0y
0,0
X
55. Jx)=1y
4[]
ST H
0, 1)
X
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56.

57.

58.

59.

60.

170

fx)=3y
0,3)1
X
3x-18=0
3x=18
x=6
yp3x—18 =0
(6, 0) x
3x+12=0
3x=-12
x=—4
Y3412 =0
(—4,0) x
a 3x+y-5=0
y—=5=-3x
y=-3x+5
b. m=-3;b=5
[ y
Tk
HHA
O, 5K
1, 2)]
X
\
x+y—5=0
a 4x+y—-6=0
y—6=—4x
y=—4x+6

61.

62.

. (1,2)]

4x+y—-6=0

2x+3y—-18=0
2x—-18=-3y
—3y=2x-18
2 18

]
1-(0, 6)

2x +3y—18=0

4x+6y+12=0
4x+12=-6y
—6y=4x+12
412
y —62 6
=——x-2
d 3
2
m=——; b=-2
3
y
~ x
-2 (3, -4
IHEEN )
[T ™~
4x +6y+12=0
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63.

64.

65.

8x—4y—-12=0
8x—-12=4y
4y =8x-12
8,12
7 4 4
y=2x-3
m=2;b=-3
y
(2,1)
5 X
(0, -3)
Y
[TF
Sx—dy —12=0
6x—5y-20=0
6x—-20=5y
S5y=6x-20
6 20
=—X——
g 5
=—x—4
7 5
m=§;b=—4
5
Yy
T
& W
5,2)
7 X
v
O6x—5y—-20=0
3y-9=0
3y=9
y=3
m=0;b=3
y 3y—9 =
0,3)7
X

66.

67.

68.

Section 1.4 Linear Functions and Slope

a. 4y+28=0
4y =-28
y=-T

b. m=0;b=-7

c.
n X
(05_7):
4y +28=0
Find the x-intercept:
6x—-2y—-12=0
6x-2(0)-12=0
6x—-12=0
6x=12
x=2
Find the y-intercept:
6x—2y—-12=0
6(0)-2y—-12=0
—-2y-12=0
—2y=12
y=-6
y
S x
2,0)
/
TS0, -6)
6x —2y—12 =0
Find the x-intercept:
6x-9y—-18=0
6x—-9(0)-18=0
6x—-18=0
6x =18
x=3
Find the y-intercept:
6x—-9y—-18=0
6(0)-9y—-18=0
—-9y—-18=0
-9y =18
y=-2
y
7 (3,0)
5 x
(0, -2)

6x—9y—18 =0

Copyright © 2018 Pearson Education, Inc.
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69. Find the x-intercept:
2x+3y+6=0
2x+3(0)+6=0
2x+6=0
2x=—-06
x=-3
Find the y-intercept:
2x+3y+6=0
2(0)+3y+6=0
3y+6=0
3y=-6
y=-2

V4

(=3,0) sakd
(0, -2)

/]
/

70. Find the x-intercept:
3x+5y+15=0
3x+5(0)+15=0
3x+15=0
3x=-15
x=-5
Find the y-intercept:
3x+5y+15=0
3(0)+5y+15=0
Sy+15=0
5y=-15
y=-3
Ix+5y+15 =0y

/

(=50 ~

(0,-3)

71. Find the x-intercept:
8x-2y+12=0
8x—-2(0)+12=0
8x+12=0
8x=-12
8x_-12
8 8

X=—

2
Find the y-intercept:

172

yr26+3y+6 =0

72.

73.

74.

8x—-2y+12=0
8(0)-2y+12=0
—2y+12=0
—2y=-12
y=-0
y
1!

g

8x—2y+12=0

\

Find the x-intercept:
6x—-3y+15=0
6x-3(0)+15=0
6x+15=0
6x=-15
ox_-I5
6 6
5
X=—=
2
Find the y-intercept:
6x-3y+15=0
6(0)-3y+15=0
3y+15=0
—3y=-15
y=5
y

-
N
n
~
]
|
|
|

5 x

/’?\
N
S
\
\

6x+3y+15=0

0—a -a a

. . a.
Since a and b are both positive, 3 is

negative. Therefore, the line falls.

. . b .
Since @ and b are both positive, —— is
a

negative. Therefore, the line falls.
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75.

76.

77.

78.

79.

80.

a—a 0
The slope is undefined.
The line is vertical.

(a+c)-c

_a—(a—b)zg

. R 2 o
Since @ and b are both positive, 3 is positive.

Therefore, the line rises.

Ax+By=C
By=—Ax+C 82.
AL
Y B B

The slope is —% and the y — intercept is %

Ax=By-C
Ax+C =By

o
B B 4

The slope is %and the y— intercept is %

347y 83.
1-3
34y
6=4—y
==y
2=y 84.
1_ A=y
3 4-(-2)
1_-4-y 85.
37 442
1_-4-y 86.
g 3(64 )
=3(—4-y
6=-12-3y 87.
18=-3y
6=y

Copyright © 2018 Pearson Education, Inc.

(b+6)—b I 81.

Section 1.4 Linear Functions and Slope

3x—4f(x)=6

—-4f(x)=-3x+6
3 3

f(x)zzx—E

3x—4f(x) —6=0y

)

AL X
SUINK)
6x—5f(x)=20
=5f(x)=—-6x+20
6
=2x—4
1(x)=2x
y
TTTT
i
(5,2) 7
7 X
(09_4)
LU0

6x —5f(x) =20=10

Using the slope-intercept form for the equation
of a line:
-1=-2(3)+b
-1=-6+b
5=b

ml,m3,m2,m4

by, by, b4,05

a. First, find the slope using (20,38.9) and

(30,47.8).
L _478-389 89 .o
30-20 10

Then use the slope and one of the points to
write the equation in point-slope form.
y=y =m(x—x)
y—47.8=0.89(x—-30)
or
»—38.9=0.89(x—20)

173
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88.

89.

174

y—47.8=0.89(x~30)
y—47.8=0.89x-26.7
=089 +21.1
f(x)=0.89x+21.1

/(40) =0.89(40)+21.1=56.7

The linear function predicts the percentage of
never married American females, ages 25 — 29,
to be 56.7% in 2020.

First, find the slope using (20,51.7) and

(30,62.6).

= 51.7-62.6 -10.9

20-30 -10

Then use the slope and one of the points to

write the equation in point-slope form.
y=y=m(x-x)

y—62.6=1.09(x—30)

or
y=51.7=1.09(x-20)

=1.09

y—62.6=1.09(x-30)
y—62.6=1.09x-32.7
y=1.09x+29.9
f(x)=1.09x+29.9

/(35)=1.09(35)+29.9 = 68.05

The linear function predicts the percentage of
never married American males, ages 25 — 29, to
be 68.05% in 2015.

Life Expectancy for United States
Males, by Year of Birth

y

=
=1
%)
S
-
=1
S

100
80 /
60
40 (
20

, 74.3)]

Life Expectancy

1020304050 ~
Birth Years after 1960

me Changeiny 74.3-70.0
40-20

=0.215

Change in x

Y=y =m(x—xp)
3270.0 = 0.215(x - 20)
y—70.0=0.215x—-4.3

y=0.215x+65.7
E(¥)=0215x+65.7

90.

91.

C.

60—10
y—230=-2.4(x~-10)
1y =230 =-2.4x+24

E(x)=0.215x+65.7
E(60) =0.215(60)+65.7
=78.6
The life expectancy of American men born in

2020 is expected to be 78.6.

Life Expectancy for United States
Females, by Year of Birth

y

100 (0, 79.7).
80 ¢ o

60
40 [-(10:747

20

Life Expectancy

1020304050 x
Birth Years after 1960

_ Changeiny 79.7-74.7
40-10

=0.17

m=
Change in x

Y=y =m(x—x)
y—747=0.17(x—10)
y—74.7=0.17x-1.7

y=0.17x+73
E(x)=0.17x+73

E(x)=0.17x+73
E(60)=0.17(60)+73
=83.2
The life expectancy of American women born

in 2020 is expected to be 83.2.

(10,230) (60, 110) Points may vary.

_110-230 _ 120
50

=24

y=-2.4x+254

Answers will vary for predictions.

92.-99. Answers will vary.

100. Two points are (0,4) and (10,24).

NORMAL FLOAT AUTO REAL RADIAN MP n

_24-4_20 _,
10-0 10

-10 / l 10
-10
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101. Two points are (0, 6) and (10, —24).

-24-6 =30
m= = —

10-0 10
Check: y=mx+b:y=-3x+6.

NORMAL FLOAT AUTO REAL RADIAN MP n

10

s
N

102. Two points are (0,—5) and (10,—-10).
m=_10-) _5_ 1
10-0 10 2

NORMAL FLOAT AUTO REAL RADIAN M n
10

|

-10

-3.

103. Two points are (0, —2) and (10, 5.5).

=L(_2)=E=075 or é
10-0 10 4

Check: y =mx+b:y=%x—2.

NORMAL FLOAT AUTO REAL RADIAN MP n
101
_l% 10
-10

Section 1.4 Linear Functions and Slope

104. a. Enter data from table.

105.

106.

107.

108.
109.

110.

111.
112.

NORMAL FLOAT AUTO REAL RADIAN MP ﬂ

3

a=-22.96876741
b=1260.5633751
r=-0.8428126855

NORMAL FLOAT AUTO REAL RADIAN MP ﬂ

3

does not make sense; Explanations will vary.
Sample explanation: Linear functions never change
from increasing to decreasing.

does not make sense; Explanations will vary.
Sample explanation: Since college cost are going
up, this function has a positive slope.

does not make sense; Explanations will vary.
Sample explanation: The slope of line’s whose
equations are in this form can be determined in
several ways. One such way is to rewrite the
equation in slope-intercept form.

makes sense

false; Changes to make the statement true will vary.
A sample change is: It is possible for m to equal b.

false; Changes to make the statement true will vary.
A sample change is: Slope-intercept form is
y=mx+b . Vertical lines have equations of the
form x =a . Equations of this form have undefined
slope and cannot be written in slope-intercept form.

true

false; Changes to make the statement true will vary.
A sample change is: The graph of x =7 is a vertical
line through the point (7, 0).
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113.

114.

115.

176

We are given that the x —intercept is —2 and the
y—intercept is 4. We can use the points
(=2,0) and (0,4) to find the slope.
_4-0 4 4
0-(-2) 0+2 2
Using the slope and one of the intercepts, we can
write the line in point-slope form.
y=yi=m(x=x)
y=0=2(x-(-2))
y=2(x+2)
y=2x+4
2x+y=4
Find the x— and y—coefficients for the equation of the
line with right-hand-side equal to 12. Multiply both
sides of —2x+y =4 by 3 to obtain 12 on the right-

hand-side.
2x+y=4
3(—2x+y) = 3(4)
—6x+3y=12
Therefore, the coefficient of x is —6 and the
coefficient of y is 3.

We are given that the y —intercept is — 6 and the

slo eisl
p %

. . 1
So the equation of the line is y = Ex —-6.

We can put this equation in the form ax+by =c to
find the missing coefficients.
1

=—x-6
7
y——x=-6

1

Z(y—gx] =2(-6)
2y—x=-12
x-2y=12
Therefore, the coefficient of x is 1 and the
coefficient of y is —2.

Answers will vary.

116.

117.

118.

119.

120.

121.

Let (25, 40) and (125, 280) be ordered pairs

(M, E) where M is degrees Madonna and F is degrees

Elvis. Then

e 280—-40 240
125-25 100

point-slope form tells us that

E—-40=24(M-25)or

E=24M-20.

=2.4. Using (x;, ) =(25,40),

Answers will vary.

Let x = the number of years after 1994.
714—-17x =289
—17x=-425
x=25
Violent crime incidents will decrease to 289 per
100,000 people 25 years after 1994, or 2019.

x+3 _x-2

2 +1

4 - 3
12(x+3j212[x_2+1j
4 3

3(x+3)24(x—-2)+12
3x+92>24x-8+12
3x+9>24x+4
52x
x<5

- 1
<« )

5
The solution set is {x|x <5} or (—e,5].

3|2x+6|-9<15

32x+6] < 24
3)2x+6 § 24

3 3
|2x+6| <8
—-8<2x+6<8
-14<2x<?2
-7T<x<l1

L
AY

-7
The solution set i

=

{x|—7 <x< l} or(-7,1).

Since the slope is the same as the slope of y =2x+1,

then m = 2.
y=y =m(x—x)
y=1=2(x—(-3))
y—1=2(x+3)
y—1=2x+6
y=2x+7

Copyright © 2018 Pearson Education, Inc.



122. Since the slope is the negative reciprocal of —%,

then m =4.

y=y=m(x=x)
y—(-5)=4(x-3)
y+5=4x-12
—4x+y+17=0
4x—-y—-17=0

13, L)~ fG) _ f(H=1 (1)

)C2 - xl 4 - 1
41
_15
3
=5
Section 1.5
Check Point Exercises

1. The slope of the line y =3x+1 is 3.
y=y =m(x-x)
y=5=3(x-(-2))
y—5=3(x+2) point-slope
y=5=3x+6
y=3x+11 slope-intercept

2. a. Write the equation in slope-intercept form:

x+3y-12=0
3y=—x+12
1
=——x+4
Y773

The slope of this line is —% thus the slope of

any line perpendicular to this line is 3.

b. Use m =3 and the point (-2, —6) to write the

equation.
Y=y =m(x—x)
y=(=6)=3(x-(-2))
y+6=3(x+2)
y+6=3x+6
—3x+y=0
3x—y =0 general form

m_Changeiny_ 15-112 3.8
Change inx 2013-2000 13
The slope indicates that the number of U.S. men

0.29

living alone increased at a rate of 0.29 million each

year.
The rate of change is 0.29 million men per year.

Section 1.5 More on Slope

f(xz)_f(xl) _ 13_03 _

a. = =1
X, — X, 1-0

S AC o 4G W O T G
X, — X, 2-1 1

fO)=f(x) 0= _8

c. = 2=
X, =X, 0-(=2) 2

S)=f(x) _ fBO)-/D
X, — X, 3-1
~0.05-0.03
C 31
=0.01
The average rate of change in the drug's

concentration between 1 hour and 3 hours is 0.01
mg per 100 mL per hour.

a. s()=4(1)% =4

s(2)=4(2)* =16
As _16-4 12 feet per second
A 2-1

b. s(l)=4(1)% =4

5(1.5) = 4(1.5)2 =9
As  9-—

As_9-4 _ 10 feet per second
At 1.5-1

c. s(l)=4(1)% =4

s(1.01) = 4(1.01)2 = 4.0804
As _ 4.0804-4

= =8.04 feet per second
At 1.01-1

Concept and Vocabulary Check 1.5

1.

2.

the same

Copyright © 2018 Pearson Education, Inc. 177



Chapter 1 Functions and Graphs

S() =S )

Xy =X

5(6)—s(3)
6-3

Exercise Set 1.5

1.

178

Since L is parallel to y =2x, we know it will have
slope m =2. We are given that it passes through
(4,2). We use the slope and point to write the
equation in point-slope form.
y=n= m(x_‘xl)
y—2=2(x-4)

Solve for y to obtain slope-intercept form.
y—2=2(x-4)
y—2=2x-8

y=2x-6
In function notation, the equation of the line is

f(x)=2x-6.

L will have slope m =—-2. Using the point and the
slope, we have y—4=-2(x-3). Solve foryto

obtain slope-intercept form.

y—4=-2x+6
y==-2x+10
f(x)=-2x+10

Since L is perpendicular to y =2x, we know it will

1 . .
have slope m = 5 We are given that it passes

through (2,4). We use the slope and point to write the
equation in point-slope form.
Y=n :m('x—‘xl)
1
—4=——(x-2

y 5 (x=2)

Solve for y to obtain slope-intercept form.
1
—4=——(x-2

v 5(x=2)

)
SRS
Y 2

1
=——x+5
YT
In function notation, the equation of the line is

f(x)= —%x+5.

L will have slope m = % The line passes through

(=1, 2). Use the slope and point to write the equation
in point-slope form.

y=2=3(x=(-1)
y—2=%(x+l)

Solve for y to obtain slope-intercept form.

1 1

—2=—=x+=

4 2 2

1 1
=—x+—=+2

4 2 2

-12

4 2 2

1 5

X)=—Xx+—

/() 2 2

m =—4 since the line is parallel to
y=—4x+3; x, =8, y, =—-10;
point-slope form:  y+10=—-4(x + 8)
slope-intercept form: y + 10 = —4x — 32
y=—4x—-42

m = =5 since the line is parallel to y=—-5x+4;
X, ==2,y,=-7;

point-slope form: y + 7 =-5(x + 2)
slope-intercept form: y+7=-5x-10

y=-5x-17
m = =5 since the line is perpendicular to
1
y =§x+6; X =2,y =-3

point-slope form: y + 3 =-5(x — 2)
slope-intercept form: y+3=-5x+10
y==5x+7

. o . 1
m = -3 since the line is perpendicular to y = Ex +7;

x=—4y =2;

point-slope form: y—2 =-3(x+4)

slope-intercept form: y—2=-3x-12
y=-3x-10
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10.

11.

12.

13.

14.

2x-3y-T7=0
=3y=-2x+7
2 7

=—Xx——
N

The slope of the given line is z, som = 2 since the
lines are parallel.

point-slope form: y—2= %(x +2)

general form: 2x-3y+10=0

3x=-2y-=

—2y=-3x+5

Y=,

The slope of the given line is %, so m :% since the
lines are parallel.

point-slope form: y—-3= %(x +1)

general form: 3x-2y+9=0

x—2y-3=0

—2y=-x+3

1.3
YES

The slope of the given line is %, so m =—2 since the

lines are perpendicular.
point-slope form: y+7=-2(x-4)
general form: 2x+y—-1=0

x+7y-12=0
Ty=—x+12
ool
7 7

. o1 .
The slope of the given line is ——, so m = 7 since the
lines are perpendicular.

point-slope form: y + 9 = 7(x — 5)
general form: 7x—y—-44=0

15-0 15

i
5-0
24-0_24_
4-0 4

15.

16.

17.

18.

19.

20.

Section 1.5 More on Slope

5242.5-(324+2-3) _25+10—(9+6)

5-3 2

6’ =2(6)-(3=2-3) _36-12-(9-6) _21

—
=)

®

6-3 3 3

4 3-2

1
4 5 s

9 4-3

!
- 77
5(3) =10(3)% =90
5(4)=10(4)% =160

As _160-90
At 4-3

=70 feet per second

5(3)=10(3)% =90

5(3.5)=10(3.5)% =122.5
As _1225-90 _ 65 feet per second
At 3.5-3

5(3)=10(3)% =90

5(3.01) =10(3.01)% = 90.601
As _90.601-90

= =60.1 feet per second
At 3.01-3

s(3) =10(3)% = 90
$(3.001) = 10(3.001)2 = 90.06

As _90.06-90

=60.01 feet per second
At 3.001-3

s3)=12(3)% =108
s(4)=12(4)% =192
As _108-192

= 84 feet per second
At 4-3

s(3)=123)% =108

5(3.5)=12(3.5)% =147
As _ 147-108

== =78 feet per second
At 35-2
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21.

22.

23.

180

c. s(3)=123)% =108

5(3.01) =12(3.01)% =108.7212
As 108.7212-108

_ = =72.12 feet per second
At 3.01-3

d. s(3)=123)%> =108

5(3.001) = 12(3.001)% =108.07201
As _ 108.07201-108

=72.01 feet per second
At 3.001-3

Since the line is perpendicular to x =6 whichis a
vertical line, we know the graph of f is a horizontal

line with O slope. The graph of f* passes through
(—1,5), so the equation of f is f(x)=5.

Since the line is perpendicular to x =—4 whichis a
vertical line, we know the graph of f is a horizontal
line with O slope. The graph of f* passes through

(=2,6), so the equation of 1 is f(x)=6.

First we need to find the equation of the line with

x —intercept of 2 and y — intercept of —4. This line
will pass through (2,0) and (0,—4). We use these
points to find the slope.

-4-0 -4

0-2 -2

Since the graph of f is perpendicular to this line, it

m=

will have slope m = —%.

Use the point (—6,4) and the slope —% to find the
equation of the line.
y=-»=m(x-x)

1

y—4=—5(x—(—6))
y—4=—%(x+6)
pae ey
y:—lx+1
f(x)=—=x+1

24.

25.

26.

First we need to find the equation of the line with
x —intercept of 3 and y — intercept of —9. This line

will pass through (3,0)and (0,-9). We use these

points to find the slope.
-9-0 -9
m =" ==
0-3 3
Since the graph of f is perpendicular to this line, it

will have slope m = —%.

Use the point (—5,6) and the slope —% to find the

equation of the line.
y=y=m(x-x)

y=6=-3(x~(-5)

1
—6=——(x+5
¥ 3(x )

15
o= ——x—>
Y 3573
1B
YT
113
xX)=—=x+—
f(x) 353

First put the equation 3x—2y—4 = 01in slope-
intercept form.
3x-2y—-4=0

—2y=-3x+4

3
=—x-2
7 2

The equation of f will have slope —% since it is

perpendicular to the line above and the same
y —intercept —2.

So the equation of £ is f(x)=—§x—2.

First put the equation 4x— y—6 = 0 in slope-intercept

form.
4x-y—-6=0
-y=—4x+6
y=4x-6

. . 1. ..
The equation of f will have slope I since it is

perpendicular to the line above and the same
y — intercept —6.

So the equation of f is f(x)z—%x—ﬁ
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27. p(x)=-0.25x+22
28. p(x)=0.22x+3

= 1163617 _ 546

1998-1994 4
There was an average increase of approximately 137
discharges per year.

29. =137

- 623-1273  —650

2006—-2001 5
There was an average decrease of approximately 130
discharges per year.

30. =—130

F(x) =1.1x> =35x% +264x+557
£(0)=1.1(0)> =35(0)% +264(0)+ 557 = 557
£(4)=1.1(4)° —=35(4)> +264(4)+557 =1123.4

31. a.

1123.4-557
m=———————
4-0

=142

b. This overestimates by 5 discharges per year.

F(x)=1.1x> =35x% +264x + 557
£(0)=1.1(7)* =35(7)% +264(7) +557 =1067.3

32. a.

£(12) =1.1(12)> =35(12)% +264(12) + 557 = 585.8

_585.8-1067.3
12-7

—96
b. This underestimates the decrease by 34
discharges per year.
33.-38. Answers will vary.
1
39. y= gx +1
y=-3x-2
a. The lines are perpendicular because their slopes

are negative reciprocals of each other. This is
verified because product of their slopes is —1.

40.

41.

42,

43.

44.

Section 1.5 More on Slope

b. The lines do not appear to be perpendicular.

NORMAL FLOAT AUTO REAL RADIAN MP n

10

[\
=

c. The lines appear to be perpendicular. The
calculator screen is rectangular and does not
have the same width and height. This causes
the scale of the x—axis to differ from the scale
on the y—axis despite using the same scale in
the window settings. In part (b), this causes the
lines not to appear perpendicular when indeed
they are. The zoom square feature compensates
for this and in part (c), the lines appear to be
perpendicular.

NORMAL FLOAT AUTO REAL RADIAN MP n

does not make sense; Explanations will vary.
Sample explanation: Perpendicular lines have slopes
with opposite signs.

makes sense

does not make sense; Explanations will vary.
Sample explanation: Slopes can be used for
segments of the graph.

makes sense

Write Ax+ By + C =0 in slope-intercept form.

Ax+By+C=0
By=—A4Ax-C
By -4 C
B B B
_4..C
4 B B

The slope of the given line is —% .
The slope of any line perpendicular to

Ax+By+C=0 is %
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45. The slope of the line containing (1,-3) and (-2,4) b. y
4-(-3) 4+43 7 7 5
has slope m=————~>=——=—=——
-2-1 -3 3 3
Solve Ax+y—-2=0 for y to obtain slope-intercept 5 x
form. (=3, —1)~ N
A -2=
R/ (-2,-2) N, -
y X+ o )
(-1,-3) Z a,-

So the slope of this line is —A.

This line is perpendicular to the line above so its c. The graph in part (b) is the graph in part ()

slope is % Therefore, —4 =% so A= —%. shifted down 4 units.
50. a.
46. 24+3(x+2)=5(x—12) fw=2¢,
24+3x+6=>5x-60 (=3,9) = —(3,9)
3x+30=5x—-60 ]
90 = 2x (-2,4) 1\ [ 29
45=x ~
The solution set is {45}. (-1,1) \ =11
47. Letx = the television’s price before the 5x
reduction. 0,0
x—0.30x =980
0.70x = 980 b.
_ 980 EEEEyEREEE
T 070 (L9591
x =1400 \ IH 4.9
Before the reduction the television’s price was 10, 4) L™
$1400. N e By 1)
SN Te
48. x+74+5=x = N1
Nx+7=x-5 20
_2_

X+7= xz 10x+25 c. The graph in part (b) is the graph in part (a)
0=x"-1lx+18 shifted to the right 2 units.
0=(x-9)(x-2)

x-9=0 x-2=0 51. a. y 5
x=9 x=2 1 O //( ]
NO+T7+5=9 ~2+7+5=2 / - (1,
Jie+5=9 Jo+5=2 /
9=9 8 =2 False u > g 1 5 x
The solution set is {9}. (-1, -1)-1] ,c’ (0; 0)
49. a. f(x = |x| y (_23 _8)__’// % I % %
b.
(-3,3) /1 (3,3) Y
] (=2,8) —— AL
(=2,2) =1 =(2,2)
(—1L,1)T] [ - \
e Yt LD = .
5 x
(1,1 0,0
e
= (23 -

c. The graph in part (b) is the graph in part (a)
reflected across the y-axis.
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Mid-Chapter 1 Check Point

1.

10.

11.

12.

13.

The relation is not a function.
The domain is {1,2}.
The range is {-6,4,6}.

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

The relation is a function.
The domain is {x|-2 < x<?2}.

The range is {y|0< y <3}.

The relation is not a function.
The domain is {x|-3 <x<4}.

Therange is {y|-1<y <2}.

The relation is not a function.
The domain is {-2,-1,0,1,2}.
The range is {-2,—1,1,3}.

The relation is a function.

The domain is {x|x <1}.

The range is {y|y =-1}.

x2+y=5
y=—x2+5

For each value of x, there is one and only one value
for y, so the equation defines y as a function of x.

y2 =5-x
y=%tv5-x

Since there are values of x that give more than one
value for y (for example, if x = 4, then

y =2+5-4 ==1), the equation does not define y as
a function of x.

No vertical line intersects the graph in more than one
point. Each value of x corresponds to exactly one
value of y.

Domain: (—eo, )

Range: (—eo,4]

x-intercepts: —6 and 2

y-intercept: 3

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Mid-Chapter 1 Check Point

increasing: (—oo, —2)

decreasing: (-2, o)

x==-2
f(=2)=4
f(4)=3

f(=7)==2 and f(3)=-2
f(=6)=0 and f(2)=0

(-6.2)

£(100) is negative.

neither; f(—x)#x and f(—x)#—x

SO —f() _ fA-f(H _5-3_
4-(-4) 4+4

X2 —X

Test for symmetry with respect to the y-axis.

x=y2+1
—x=y2+1
x=—y2—1

The resulting equation is not equivalent to the
original. Thus, the graph is not symmetric with
respect to the y-axis.

Test for symmetry with respect to the x-axis.

x=y2+l
x=(—y)2+1
x=y2+l

The resulting equation is equivalent to the original.
Thus, the graph is symmetric with respect to the x-
axis.

Test for symmetry with respect to the origin.

x=y2+l
—x=(—y)2+l
—x=y2+l
_ .2
x=—y" -1

The resulting equation is not equivalent to the
original. Thus, the graph is not symmetric with
respect to the origin.
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26.

27.

184

Test for symmetry with respect to the y-axis.
y= -1

y=(2) -1

y= -3 -1

The resulting equation is not equivalent to the

original. Thus, the graph is not symmetric with
respect to the y-axis.

Test for symmetry with respect to the x-axis.
y= -1
_ .3
-y=x -1
y= -3 +1
The resulting equation is not equivalent to the

original. Thus, the graph is not symmetric with
respect to the x-axis.

Test for symmetry with respect to the origin.
y= -1

—y= (—x)3 -1

-y= -3 -1
y= X +1

The resulting equation is not equivalent to the

original. Thus, the graph is not symmetric with
respect to the origin.

y=-2xy

Copyright © 2018 Pearson Education, Inc.
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31.

32.

33.

34.

35.
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Mid-Chapter 1 Check Point

36. 5y=-3x 41. y-y;=m(x—x)
_3 y=3=-2(x=(-4))
S y—3=-2(x+4)
y—3=-2x-8
z y=-2x-5
F f(x)=-2x-5
(=5, )TN0, 0
< ‘.' X 4. m=Changeiny= 1-(-5) =§=
5, -3) Changeinx 2-(-1) 3
5y=—3xIII Y=y =m(x—-x)
y—1=2(x-2)
37. 5y=20 Y—1=2v—4
y=4 y=2x-3
f(x)=2x-3
T T
Y uNEN
0,41 43. 3x—-y-5=0
—-y=-3x+5
H* y=3x-5
The slope of the given line is 3, and the lines are
Sy =20 parallel, so m =3.
Y=y =m(x-x)
38. y y=(4=3(x-3)
S y+4=3x-9
{,3)] y=3x-13
0, DT f(x)=3x-13
PuRER SHEE 21
(=4 “DEHD, 1 44. 2x-5y-10=0
i T —5y=-2x+10
_|-1ifx=0 B I
SO =20 + 1ikx >0 Sy _—2x 10
-5 -5 -5
39. a. f(—_x) = —2(—x)2 —-X _5 y = gx_
=-2x* —x-5 5
neither; f(—x)#x and f(-x)#—x The slope of the given line 1s§,and the lines are
b. SOt - f(x) perpendicular, so m=—%.
h
-y =m(x—x
_ 2(x+h)? + (x+h)—5—(-2x2 +x-5) Y= (,5 1)
- p y=H=-(v-(4)
2x% —4xh—2h* + x+h—-5+2x> —x+5 _ 5
= p y+3——5x—10
_h=2i +h y=-2a13
h
h(-4x—2h+1) f(x)z—gx—13
=—4x-2h+1
45. m _Changeiny 0-(-4) _4
40. C(x)= 30 if 0<1<200 ) ! Change in x 7-2 5
| 30+0.40(—200) if ¢>200 _Changeiny _ 6-2 _4
2 = B = ==
a. C(150)=30 Change inx 1-(—4) 5 .
The slope of the lines are equal thus the lines are
b. C(250)=30+0.40(250—-200) =50 parallel.
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= Change in y _ 42-26 _ 16 ~016

46. a. - —=0.
Changeinx 180-80 100

b. For each minute of brisk walking, the
percentage of patients with depression in
remission increased by 0.16%. The rate of

change is 0.16% per minute of brisk walking.

g L)/ _f@-f(D
Y27 X 2—(-1)

@@f—ﬂ—@@D?44ﬁ
2+1

Section 1.6
Check Point Exercises

1. Shift up vertically 3 units.
0,3 y

TTT g
(=3, )N Gy 6)Z_f
[
(_35 3I) (3’ 3)
+0,0) 5

2.  Shift to the right 4 units.

y LB I | |
5| (L, D
raCy Ruar)
e :— g
\
©,0)f (4, 0) [\ 81 ] ¥
FEEHES 162

3. Shift to the right 1 unit and down 2 units.

FRtl
7 (4’,22 f
(0, 0) L& o h
= 10{ x
G, 01
1,-2)

Reflect about the x-axis.

Yy
| I Vlf
N A
(-3,3) @3,3)
m T
H-H-LA H5{x
(-3, I—I3l (3? |—3)
# (0,0 X,

Reflect about the y-axis.

=

2,4
(_29 4) g f
A 1T A
o L/
A
(—2,2)8 ¥(2,2)
(0, 0) 5x

a.  Horizontally shrink the graph of y = f(x).

y T
(0,3)
(1,02 3,0)

U

(-1, NS X

2,-3)
g(x) =f(2x)
b. Horizontally stretch the graph of y = f(x).

y 1 LI l

>L(0,3) 1

A, 022,00

14 x
(-4,0) Y
8, -3)"
Pl

wo=1(8)
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Section 1.6 Transformations of Functions

8.  The graph of y = f(x) is shifted 1 unit left, shrunk 2. y
by a f: f1 flected about th is, th HF(Q"I?
y a factor o 3 reflected about the x-axis, then -2, )12
shifted down 2 units. %
y
(Jy _1)°- x)=f(x) —1
-2 . 80 = /)
- =(5, _2)
-1,-3 1, -2) 3. y -
L] (~L 2y
Loty (1.2)
5x
9. The graph of f(x)= x? is shifted 1 unit right,
stretched by a factor of 2, then shifted up 3 units.
y gx) =f(x+1)
1
\-f 4. y
0,5% 2,5 _ 5 e
T =1,2) (/1 2 (3,2)
(1,3)~
M
e > X
g =2(x-1*+3
Concept and Vocabulary Check 1.6 8@ =f(x - 1)
1. vertical; down 5. yB
2.  horizontal; to the right (-1, Q)m(/l’ 0)H
3. x-axis J15]x
_ 3,00
4. y-axis
5. vertical; y g)=f(x—-1) -2
6. horizontal; x 6. y -
Sle
7. false —3, = T
- )'(—1, a4
x
Exercise Set 1.6
1 b S
5t (0, 3) 1 gW) =f(x+1) +2
(-2.31123)

gx) =f) +1
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7 y

2O DT 0, 2)

5 x
g(x) = —f(x)
8 y
5 x
—9 _9\E =2, —2)
(-2,-2) <0, -2)
g = —f®)
9 I !)!’c C i
(0, 1)
(=2, D2 1)
X

g(x) = —f(x) +3

10. yh_
2.5)
(-2, 5)1(0,5)

X

g =f(-x) +3

il seaar. (aTe
~2, 11712, 1)
X

£ = 3/

188

12.

13.

14.

15.

16.

17.

N
N
=

]

i

e g .
|
\!\) [ N -
=
~
—_—
)
FQE .
~

g(x) = 2f(x)

g(®) =f(-;—x) y

(_49 2)

(4,2)

(0? _3.)‘_

L

1,-3)

gx) = —f2x)-1

y

2,1

(=4,-1

X
“

(-2, -3)]

0, -1)-

g(x) =f(x)—-1
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Section 1.6 Transformations of Functions

18 y 23 y
T I 4
- 2,3) T D
(-4,1) ~(=2,2)
: @1 (4,0)
s -
(2~ A0
-0.0H2. 72
11 1T

g(x) =f(x)+1

g = —f)
24. y
—-15
19. y - (=2,2)
G20 Skl
(=3,0 (5,0) (-4,0) atik
(1,0)5] ¥ O 0 72
(_1’ _2) [ il
HAH g =f(—x)
g =fx-1
25' T i%’ T
20. y (2 I
5 (:1 ;)i - (4,1 .1
] Vad
(_1, 0) 5 0. D T !: X
(-5,0) G, 0¥ "i( i E)M(zg’i_il)
(1_3 _2) H RN i
H ‘ : gy =f(-x)+1
g =f(x+1) 26. - y
21. y L2
HAEEHG 9 (-4,1) ek
(=3,2) o2 A
¥ y o X
A0.2)7 SO, 1, -1)
~(—1,0) sald EEEREE
g)=—-f(x)+1
=fx—=1) +2
g = f(x = 1) . oo
s ; 512, 4)
3 (—4,0)
(-1,-2) (1,0) 0,0) X
I 4,0
(-5,-2 3% 2%
(=3, —4)EF g(x) = 2/(x)
g0 =[x +1) -2 28, "o
o |
(=4, 0% D Ha 0
&
~0,0) 3 ¥
(-2,-1)
11

£ = 3/
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[
10,2) T
(=2, 07A (2,0
R0, 0) 51 *

30. Y
1

—_—
7
N e
A
Sl
i
=}

A

iy
1=
-

31. YA

(~6,1) 1)

gx) =2f(x+2)+1

32. y
HHHH 540, 3)
(=2, -4

(=6, 1) ¥ x

el 1]
(4,210,

by ey
g e

=
(0, 014, 0)1 ¥

8(x) =f(x) +2

190

34. y

(=3, —2){(0, —2)" x
I TS (
(0, —ayp o~

gx) =f(x) -2

35. Y

36. Y

~o--10-(6, —2)
(2,-2)1 1
I

37. Y

38. Y

(=2,0)42, 0y 17 ¥

8= —f(x-2)
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Section 1.6 Transformations of Functions

39. y 44, Y
EEEEE AN ¥
i | i
(-2, D12, 1)
: O - (_8’ ]) (0 [)
(6,017 ¥ T\ﬁ\., 0 x
(—‘,’ 0, (05 _4) (89 _4)
7 f Pl Pl
P P
1
gw) =—5f(x+2)
2 g(x) = Zf(ix)
40. y
3nm O 45. y -
@2, 1)-(6,1) D G
- - (_15 _1} \1,1) - ,( ’ )
= 2 E
(2,012, 0) X X
(=3, -3 5=
HHHHHHH

1
=—=f(x-2
g(x) 2f(x ) o) =fr—1) — 1

41. 4 46. Y
(2, — D3 (-1,3)°[(1,3)
(_6’\_2} \\ x (_3’ 1) (3’ 1)
= o = ok P4 5 X
2, -1 5 7 ]
2o .
i i i
1
g(x)=—§f(x+2)—2 g =fx+1+1
42. y 7.
.-ill_ 1 (—3,3)0 [
(-2,2)= ,—‘2'>32 & :1% 1‘ (3’\_1) ,1)
~(2,2)- (=1,1) \
” 5 X
* 1, - 1)
il
|
g0 =2 -2+2 80 = ~fe =1 +1
y
“ y 48. T
(-=5,1)
X
(=2, 0040, 0) - -
CHO10.0] 3,1)
O DR Il < rigae
2 -1 T )Y
= g = —fx+1) -1

g = 2/@)
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49.

50.

1,2)

51.

52.

= = 7
_—~
&S = -+ — — — . -
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- PN o e ¥ “ iy ] ) B
- | ) < Il ~ %0 ] L
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sl 0;// = - “ EN — = 0 ~T
= =0 ~ ah m M—.} - > =2 [ u > 2 IQ =
TSk = S RIS S & - L H TeE T
T H TF I T - o i O [ u Ho_. =0
LD SNpass T T
< v 8 = S
w w w w w
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= - T =
T in. R
a1s ! R -
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A® = a |2m, - o~ 1\ Al
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e - = -~ -~ ~— R

SN = =3 - " | I

o1 n v (L, ~ - - -

i i s A - i e
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~ N - +

59.

2,4)

[f h

3,2)
5Hx

@D

|
1

(
AS

y

(_ la 1)
—(0,0)

s

0,0

y

|

(=2,4)

53.
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(1, 1)

(_19 _1)

54,2
4

\1(4, 2)

f

(0, 0) S5x

Section 1.6 Transformations of Functions

—
—
—

[TTT

/

Y4 (1,3).4,4)
y
(Il, 2) 54, 3)

h

=11 y
(_251}
T
= Y

(_37 _1)

66.
67.

3 x

193

g
L
£iE

4,2)
4

—

2 4,2

2,21
©.0

y @A,

y
111k
1P

[TTTH

(0,0)
(_29 0)

—&

(—1,0)1 1(0,0) 5]

71.
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72. y y
[Tkl (1, 1) 4.2 79. : (2’,2)_
A (4,2) :
N f 84,2)
(0, 0) f 3
En = (—1,0) L= i)
T eh
i |_|| ’/ (_2’ _2)
O DG ~2) H4H
80. y
. y - TTT1 1T
& (-2,2) a.n - 513,3) L
"HH@,2) ZZls 4.2
hi<< f ::(0’ 1) =
b mur ronE
0,012, 0)F ¥ <, '_-1;_( , 0)2
HH
LTI
81. )
74. 0, D2 q 1y (=2,6) y (\’ 6)1
. 5 R (0,4)
(-3,2) f , 7
h‘~ , f
(0,01, 0) X (=2,2) 2,2)
0,0)-5 x
T T11]
T T11
y 4,2 82. -2,5 0,3) g
75. 4D ( ));( £ s
/ f II
g
4 >=(2,1)
(=2, ) [0, 03 ¥ (-2,2) 2,2)
0,0)-5] x
HH
3,4 _
76. my,L-(‘) . 83. (=2.2)y, ¢
\ L
HF 4,2)
0,2 AT \ /
mar —(,1) (=6,2) *2,2)
(-1, 0)(0,0) % x - (=4,0) X
H Y
(05 0)
L1l
77. Y41 84. (-1,2)
S d2) A
/ /
g ; B
O, 0T (=5,2) S
(1, DG )5 * i 2,2)
(—2 i moeliannraly
ot o
11
78.
X0y - 85 (=2,2) ¥
d NS (92) ° 3 h
| f L f
(0, 0) L=~
s e [(2:2)
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86.

88.

89.

90.

91.

(-2,2) y
\\ 5 h
_f(z,z)
(_5’()) \ X
(-3, =2)_[[] (0, 0)
= (=10
y
(=1, 1) 51 0.0
as /
AN .
(=5, —O) AR *
/
/
(_39 _1) h
(_19 1) y
=1°(0, 0)
Vi
AV
-3, 00N (1,1
X
|
/ h

(_15 l)y
RS
A DANP

(_59 0\7 | X
|
i
-3,0)18

(—1,‘1)_)’
PR O
__4s 2)

(=5.1) w1, 1)
X
i
H-HNe
(-3, )1
(=3,2) p4y
l (-1,1)
=>2) 1
(=4, 0 H X
@0
]

92.

93.

94.

9s.

96.

97.
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104.
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110. ¥ 116. y
SHH mam
JEmEm
1, D .
(0, 0) 3,1 o, o= DL,
(-1, -1= 5Ty mEEs 3
fiam 2,0) m= =aD
a, _1):| Lt A3,-1
1111 \2’\0)4_,
111.
-1, %) 7. y
53 leIII SO, 0
2 ORPHI (=3, )1, D
B |2 TSI Inelfer
T2 ereh (-2, 05 x
1,1 bt (_:1.’ T.l.)/ !
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p=
5 |
3 “) 120.
( 2 (—\1 —3> a0
(_27 _2) 2 -0
2,3
N
114. 3 (1,0)1
<1’ 7) T‘A 5 x
G " 2 g(x) = 3int (x — 1)
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(=1, -1 Toe )
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CETTE
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122.

123.

124.

125.

126.

127.

198

(=2,1

(_13 0{ y-

I\ il

ER2A

O

5 x

Tol (0 -1

23411, -2)
11

h(x) =int (—x) — 1

y=+x-2
y=—x3+2
y=(x+1)2—4

y=+x-2+1

First, vertically stretch the graph of f(x) = Jx by
the factor 2.9; then shift the result up 20.1 units.

F(x)=2.9/x+20.1

£(48) =2.94/48 +20.1~ 40.2
The model describes the actual data very well.

S ()= f(x)
X3 =X
_Ja0)- 1)
10-0

(2.9\/E+20.1)—(2.9\5+2o.1)

~29.27-20.1

10
=09

0.9 inches per month

SO) = ()

Xy —X

f(60)~ 1 (50)

60—50
(2.9«/@+20.1) —(2.9\/%+ 20.1)

6050
_42.5633-40.6061
10

=0.2

This rate of change is lower than the rate of
change in part (c). The relative leveling off of
the curve shows this difference.

128. a.

First, vertically stretch the graph of f(x) = Jx

by the factor 3.1; then shift the result up 19
units.

F(x)=3.1Mx+19

£(48)=3.11/48 +19= 40.5
The model describes the actual data very well.

SOr) = ()

Xy =X

_ £10)~ £(0)
10-0
(3.1\/ﬁ+19 - 3.1J5+19)
B 10-0
_ 28.8031-19
10

~1.0

1.0 inches per month

S(x)—f(x)
X2 =X
_ f(60)~ f(50)
60—50

) (31560 +19) - (3.13/50 +19)

60-50
_43.0125-40.9203
10

=0.2

This rate of change is lower than the rate of
change in part (c). The relative leveling off of
the curve shows this difference.

129. - 134. Answers will vary.

135. a.

NORMAL FLOAT AUTO' REAL RADIAN MP n

=3

NORMAL FLOAT AUTO REAL RADIAN MP n

W
=l 3
g T kfn
i
_1J_ A

=]
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136. a.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

b. NORMAL FLOAT AUTO REAL RADIAN MP n

NORMAL FLOAT AUTO REAL RADIAN' MP n

9

-5 1l 5

makes sense
makes sense

does not make sense; Explanations will vary.
Sample explanation: The reprogram should be

y=f(+D).

does not make sense; Explanations will vary.
Sample explanation: The reprogram should be

y=[f=D.

false; Changes to make the statement true will vary.
A sample change is: The graph of g is a translation
of f'three units to the left and three units upward.

false; Changes to make the statement true will vary.
A sample change is: The graph of fis a reflection of

the graph of y = Jx in the x-axis, while the graph of
g is a reflection of the graph of y = Jx inthe y-axis.

false; Changes to make the statement true will vary.
A sample change is: The stretch will be 5 units and
the downward shift will be 10 units.

true
g(x)=~(x+4)°

g(x) :—|x—5|+1
gx)=—Vx-2+2

1 2
x)=——V16—x" -1
g(x) p

Section 1.6 Transformations of Functions

149. (-a, b)
150. (a, 2b)
151. (a+3, b)

152. (a, b-3)

153. Let x = the width of the rectangle.

154.

155.

Let x + 13 = the length of the rectangle.
204+2w=P
2(x+13)+2x=82
2x+26+2x=82
4x+26=82
4x =56

The dimensions of the rectangle are 14 yards by 27
yards.

Vx+10-4=x
Vx+10=x+4

2
(Vx+10)" =(x+4)’
x+10=x> +8x+16
0=x2 +7x+6
0=(x+6)(x+1)

x+1=0
x=-1

x+6=0 or
x=-06

—6 does not check and must be rejected.
The solution set is {—1]}.

F(x)=x>+3x+2
Fx+h)=(x+h) +3(x+h)+2
=x2 +2xh+h? +3x+3h+2
Sx+h)—-f(x)
h
X% +2xh+h? +3x+3h+2—(x2 +3x+2)
h
X2 4 2xh 4 b 4 3x43h+2—x% —3x-2
h

_2xh+h? +3h
h
_ h(2x+h+3)

h
=2x+h+3, h#0

156. (2x—1)(x> +x-2)=2x(x> +x—2)—1(x> +x—2)

=2x3 +2x2 —4)c—x2 —-x+2
=2x3 +2x2 —x2 —4x—x+2
=23 +x% —5x+2
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157. (f(x)* =2/ (x)+6=(3x—4) —2(3x—4)+6

=9x? —24x+16—6x+8+6
=9x? —24x—6x+16+8+6
=9x? —30x+30

Section 1.7

Check Point Exercises

200

The function f(x)= x? +3x—17 contains
neither division nor an even root. The domain of
/s the set of all real numbers or (—eo,eo) .

The denominator equals zero when x =7 or x =
—7. These values must be excluded from the
domain.

domain of g = (—eo,=7)U(=7,7)U(7,%°).

Since A(x) =~+/9x—27 contains an even root; the

quantity under the radical must be greater than or
equal to 0.
9x-2720
9x =227
x23

Thus, the domain of % is {x| x =3}, or the

interval [3,0).

Since the denominator of j(x) contains an even

root; the quantity under the radical must be greater
than or equal to 0. But that quantity must also not
be 0 (because we cannot have division by 0).
Thus, 24 —3x must be strictly greater than 0.

24-3x>0
—3x>-24
x<38

Thus, the domain of j is {x| x <8}, or the

interval (—eo,8).

(f+2)x)=f(x)+g(x)
=x—5+€x2—1

=x=5+x>-1

=—x>+x-6
domain: (—oo,00)

(f=&)x)=f(x)-g(x)
=x—5—()c2 —l)
=x-5-x*+1
=—x’ +x—4

domain: (—oo,c0)

(/)0 =(x=5)(x* -1)
= x(x2 —1)—5(x2 —1)

=x3—x—5x2+5

=x—5x2 —x+5
domain: (—co,c0)

A P C))
(gj(x) g(x)

= xX=5 , x#*1
2
x° -1

domain: (—eo,—1)U(-1L1)U(1,e0)
(f+8)(x)=f(x)+g(x)

=x=3+x+1

domain of f: x-=320
x23

(3, =)

domain of g: x+120
x=-1

(=1, )
The domain of f'+ g is the set of all real
numbers that are common to the domain of /'
and the domain of g. Thus, the domain of f+ g
is [3, o).

(B+D)(x)

=B(x)+D(x)

= (=2.6x% +49x+3994) + (—0.6x> + 7x +2412)
=-2.6x% +49x+3994—0.6x7 + Tx+2412
=-3.2x +56x + 6406

(B+D)(x)=-3.2x> +56x+ 6406

(B+D)(5)=-3.2(3)* +56(3) + 6406
=6545.2

The number of births and deaths in the U.S. in

2003 was 6545.2 thousand.

(B+D)(x) overestimates the actual number of
births and deaths in 2003 by 7.2 thousand.
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5. a. (feg))=f(gx)
=5(2x2—x—1)+6
=10x> =5x—5+6
=10x> —5x +1
b, (gof)(®)=g(f(x)
=2(5x+6)* —(5x+6)-1
=2(25x> +60x+36)—5x—6-1

=50x% +120x+72—5x—6—1
=50x% +115x+65

c. (feog)x)=10x"—5x+1
(fog)(=1)=10(=1)* =5(=1) +1

=10+5+1

=16

4 4x
6. a  (feRN=7T—=7

LD +2x

X

b. domain: {x|x #0,x# —%}

7. h(x)=fog wheref(x)=+/x; g(x)=x>+5

Concept and Vocabulary Check 1.7
1. zero

2. negative
3. f)+gk)
4. f(0-gkx)
5. f(x)-g)

£()
6. ——;

o)’ £
7. (—o0,00)
8. (2,0

9. (0,3); (3,0)

Section 1.7 Combinations of Functions; Composite Functions

10.

11.

12.

13.

14.

15.

16.

composition; £ (g(x))
S &)

composition; g(f(x))
g S(x)

false

false

2

Exercise Set 1.7

1.

The function contains neither division nor an even
root. The domain = (—eo,0)

The function contains neither division nor an even
root. The domain = (—oo’oo)

The denominator equals zero when x =4. This value

must be excluded from the domain.
domain: (—eo,4)U(4,).

The denominator equals zero when x =-5. This

value must be excluded from the domain.
domain: (—eo,—5)U(=5,e0).

The function contains neither division nor an even
root. The domain = (—oo’oo)

The function contains neither division nor an even
root. The domain = (—eo, )

The values that make the denominator equal zero
must be excluded from the domain.

domain: (—ee,=3)U(-3,5)U(5,°)

The values that make the denominator equal zero
must be excluded from the domain.

domain: (—eo,—4)U(-4,3)U(3,0)

The values that make the denominators equal zero
must be excluded from the domain.

domain: (—eo,—7)U(=7,9)U(9,°)
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10.

11.

12.

13.

14.

15.

202

The values that make the denominators equal zero
must be excluded from the domain.

domain: (—eo,—8)U(-8,10)U(10,)

The first denominator cannot equal zero. The values
that make the second denominator equal zero must be
excluded from the domain.

domain: (—eo,—1)U(=1,1)U(1,e0)

The first denominator cannot equal zero. The values
that make the second denominator equal zero must be
excluded from the domain.

domain: (—eo,—2)U(-2,2)U(2,%°)
Exclude x for x=0.

Exclude x for E—1 =0.

x
3—1:0
3x
x(——lj:x(O)
x
3—-x=0
-x=-3
x=3

domain: (—e0,0)U(0,3)U(3,°)
Exclude x for x=0.

Exclude x for i—1 =0.

x
i—1:0
4x
x(——ljzx(O)
x
4-x=0
-x=-4
x=4

domain: (—e0,0)U(0,4)U(4,)

Exclude x for x—1=0.
x—1=0
x=1

Exclude x for i—2 =0.

.
4 50
)2—1
(=152 = 1)0)
x—1
4-2(x-1)=0
4-2x+2=0
—2x+6=0
—2x=-6
x=3

domain: (—eo,1)U(1,3)U(3,e°)

16.

17.

18.

19.

20.

21.

22,

Exclude x for x—2=0.

x=2=0
x=2
Exclude x for -3=0.
X—
4 -3=0
x—2
(-2 35-3)- =20
x=2
4-3(x-2)=0
4-3x+6=0
—3x+10=0
—3x=-10
10
Xx=—
3
domain: (—w,Z)U(Z,EjU(E,wj
3 3
The expression under the radical must not be
negative.
x=320
x=3

domain: [3,0)

The expression under the radical must not be
negative.
x+220

x=-2

domain: [-2,e)

The expression under the radical must be positive.
x=3>0
x>3

domain: (3,)

The expression under the radical must be positive.
x+2>0
x>=2

domain: (—2,e0)

The expression under the radical must not be
negative.
5x+3520
5x2-35
x=2-7

domain: [-7,e0)

The expression under the radical must not be
negative.
7x-=70=0
7x=70
x=10

domain: [10,e0)
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23.

24,

25.

26.

27.

28.

The expression under the radical must not be
negative.
24-2x20

—2x2>-24

The expression under the radical must not be
negative.
84—-6x20

—6x > -84

domain: (—e,14]

The expressions under the radicals must not be
negative.
x=220 x+ 3 >0

59 and S>3
To make both inequahtles true, x=2.
domain: [2,)

The expressions under the radicals must not be
negative.
x=320 x+ 4 > 0

153 and 4
To make both inequahtles true, x>3.
domain: [3,)

The expression under the radical must not be

negative.
x=220
x=2

The denominator equals zero when x=35.
domain: [2,5)U(5,e°).

The expression under the radical must not be
negative.
-320
x23

The denominator equals zero when x = 6.
domain: [3,6)U(6,).

Section 1.7 Combinations of Functions; Composite Functions

29.

30.

31.

32.

Find the values that make the denominator equal zero
and must be excluded from the domain.

x> —5x% —4x+20

=x° (x—5)—-4(x-5)

=(x—5)(x2—4)

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

-2, 2, and 5 must be excluded.

domain: (—eo,-2)U(-2,2)U(2,5)U(5,e°)

Find the values that make the denominator equal zero
and must be excluded from the domain.

x> —2x2—9x+18

=x’ (x-2)-9(x-2)

=(x—2)(x2—9)

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

-3, 2, and 3 must be excluded.

domain: (—eo,-3)U(-3,2)U(2,3)U(3,e°)

f+o)x)=3x+2

domain: (—oo, o0)

(= &)x) = fix) — g(x)
=2x+3)-(x-1)
=x+4

domain: (—oe, o)

(/8)x) = f (X) g(x)

=(2x+3)-(x-1)
=2x2 +x-3

domain: (—oo, o)

f f(x) 2x+3
( j( e ot
domain: (—eo,1)U(1,0)
(f+g)x)=4x-2
domain: (—oo, o)

fF-2x)=Bx-4)-(x+2)=2x-6
domain: (—oo, )

(2)x) = Bx—4)(x +2)=3x2 + 2c -8
domain: (—o0, )

f 3x—4
( j( )= x+2

domain: (—ee,-2)U(-2,0)
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33.

34.

3s.

36.

204

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

domain: (—oe,o0)

(f —g)(x)=-3x" +x-5

domain: (—oe, o)

(f2)(x) = (x=5)(3x?) =3x> —15x>
domain: (—oe,o0)

o7
8 3x

domain: (—e0,0)U(0,00)

(f+2)(x) =5x’+x-6

domain: (—o0, )

(f—g2)x)= 5x°+x-6

domain: (—0, )

(f2)(x) = (x=6)(5x>) = 5x° ~30x
domain: (—0, o)

o
g S5x

domain: (—e0,0)U(0,c0)

(f +)x) = 2x* =2
domain: (—oo, o0)

(f —g)x)=2x>-2x—4
domain: (—oo, o0)

(f2)(x) = (2x* —x=3)(x+1)
=2x0 +x% —4x-3

domain: (—oo, )
_(2x-3)(x+1)

g
(.:C 1)

domain: (—eo,—1)U(—1,00)

2
2x°—x-3
(xX)y=—7—""
x+1

=2x-3

(f +)(x) =63 ~2
domain: (—o0, )
(f - )(x)=6x" —2x
domain: (—oo, )
(f&)(@) = (637 —x=D(x=1)=6x ~7a’ +1
domain: (—0, o)
2
(oo
domain: (—eo,1)U(1,e0)

37.

38.

39.

(f+g)(x)=(CB-x2)+(x +2x-15)
=2x—12
domain: (-0, o)
(f = g)(x)=(B=x") = (x> +2x-15)
= 2x* - 2x+18
domain: (-0, %)
(f2)(x) = (3—x)(x* +2x~15)
=—x* —2x% +18x% +6x—45
domain: (—oo, o0)
3 —x2

o
g x“+2x-15
domain: (—ee,=5)U(-5,3)U(3,2°)

(F+g)x)=(G-x2)+(x? +4x-12)
=4x-7

domain: (-0, o)

(f =)0 = (=)= (" +4x-12)
= —2x2 —4x+17

domain: (-0, )

(f2)(x) = (5—x*)(x* +4x—12)

=—x*—4x® +17x* +20x - 60
domain: (—oo, )

)
[LJW;_X
g x“+4x—-12

domain: (—eo,—6)U(=6,2)U(2,0)

(f+@)@) =Vx+x-4
domain: [0, o)

(/=) =Vx-x+4
domain: [0, o)

(2)(x) =x(x—4)
domain: [0, o)

(1} (5= V¥

g x—4

domain: [0,4)U(4,)
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40.

41.

42,

(f +&)(x)=Vx +x-5
domain: [0, «)

(f —2)x)=Vx—x+5
domain: [0, o)
(f2)(x) =/x(x—5)

domain: [0, e)

(£
domain:  [0,5)U(5,°)

(f+g)(x) =244l opy 2 2XH2
X X x X

domain: (—e0,0)U(0,c0)

(f- ) =2+--1=2
X X

domain: (—eo,0)U(0,0)

(f+g)(x):6—l+l:6
X X
domain: (—e0,0)U(0,c°)
(f-g))=6-1-L_g_ 206572
X X

X ox
domain: (—e0,0)U(0,)
1 6x—1

(@xm=[6—lj SLELE
X X 2

x
domain: (—eo,0)U(0,0)

6-—1
( ](x)— X (6——jx=6x—1
x

1
X

domain: (—eo,0)U(0,0)

(=]

Section 1.7 Combinations of Functions; Composite Functions

3. (f+2)x)=f(x)+g(x)

Sx+1 4x-—
= +

2

-9 x*-9

_9x-1
x> -9

domain: (—eo,=3)U(=3,3)U(3,c°

(f-8)x) = f (X) g(x)

4x

2

x2—9 x* -9

x-3

domain: (—eo,-3)U(=3,3)U(3,00

(f8)(x) = f (x) g(x)
=x2— 2—
_ (5x+l)(4x—2)

(-

domain: (—e0,-3)U(-3,3)U(3,0°

S5x+1

f _
( j()m:z

x* -9
5x+l x -9

2_9g 4x-2
_ 5x+1

C4x-2

)

)

)

The domain must exclude —3, 3, and any values that

make 4x—-2=0.
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4. (f+2)x)=f(x)+g(x) 45. (f+g)x)=f(x)+g(x)
_ 3x+1 N 2x—4 _ 8x L
2 2 —
P TR L 6x-2)
Y T (x-2)(x+3)  (x—2)(x+3)

_ 8x% +24x L 6a-12
T (x=2)(x+3) (x=2)(x+3)

domain: (—eo,—5)U(-5,5)U(5,)

(f_g)(X):fS(;C?i-_lg(x%x—4 _ 8)62 +30x—12
:x2—25_x2—25 (x=2)(x+3)
_ ;c+5 domain: (—eo,-3)U(-3,2)U(2,e°)
x1_25 (f+2)x) = f(x)—g(x)
:x—5 = 8x _L
domain: (~e=,~5)U(-5,5)U(5,e<) el ee2)
() = [ () g(x) S (@-2)E+3)  (x-2)(x+3)
=$,# _ 8424 612
fcsx_+21§(2)§c —_4%5 (x=2)(x+3) (x=2)(x+3)
= 8x? +18x+12
(x2—25) T (x=2)(x+3)
domain: (—e0,—5)U(=5,5)U(5,) domain: (—e2,=3)U(-3,2)U(2,e)
3x+1 (fg)(x) = féx) : g(g)
1 (x)_ .X'2 =25 = o ’
2 =4 x—248)gc+3
X225 T (x=2)(x+3)
3x+1 x? 25
=x2x—_+25xe—_4 domain: (—eo,—-3)U(-3,2)U(2,)
_ 3x+l 8x
2x-4 Lly=n=2
The domain must exclude —5, 5, and any values that g 6
make 2x—4=0. x+3
rd =0 _ 8x x+3
2;23 _ ﬁx_(325+3§
domain: (—ee,=5)U(-5,2)U(2,5)U(5,°°) 3(x=2)

The domain must exclude -3, 2, and any values that
make 3(x—2)=0.
3(x=2)=0
3x-6=0
3x=6
x=2

domain: (—eo,—-3)U(-3,2)U(2,0)

206 Copyright © 2018 Pearson Education, Inc.



Section 1.7 Combinations of Functions; Composite Functions

46. (/+9)®)=/(N)+g() 4. (f+@) ) =Nrrdr1
O T domain: [1, )
_x9’?(xf§r) I C k) (f—g)(x)=vx+4-+/x-1
S (x—4)(x+8)  (x—4)(x+8) domain: [1, )
2
S OV AT | Tx-38 () =xt 4 a1 =\x? +3x—4
(x—4)(x+8) (x—4)(x+8)

2 domain: [1, o)
_9x"+79x-28
T (x—4)(x+8) (ij(x):x/x%
domain: (—eo,—8)U(-8,4)U(4,) 8 x—1
(f+8)x)=f(x)-g(x)

domain: (1, o)

= 9x4—L8 48. (f+g)x)=vx+6+vVx-3
- x;x(x jfér) 1 -4) domain: [3, )
T (—4)(x+8) (x-A)(x+8) (f —g) @) =x+6-x-3
_ 9 +T72x  7x-28 domain: [3, )
(x=4(x+8) (x—4)(x+8) (f2)(x)=vx+6 Jx—3 =x? +3x—18
= —9x2 +65x+28 domain: [3, )
(x—4)(x+38) r Jii6
domain: (—eo,—8)U(-8,4)U(4,0) (EJ(X) = —
(/8)(x) = f(x)-g(x) domain: (3, )
_ 9x 1
x=4 x+8 49. (f+g)(x)=x—2+2—x
DY domain: {2}
e (f -0 =x—2 2=
domain: (—eo,—8)U(-8,4)U(4,0) domain: 12}
f x9_x4 (@) (x)=Nx—-2-\V2—x =N-x? +4x-4
(‘J( )= domain: {2}
x+8 f Jx—=2
_ 9x ) x+8 ( ) \/ﬂ
_ 5;(3 + 8)7 domam. %)
T(x—4)
The domain must exclude —8, 4, and any values that 50. (gf * g)(?S}: X=5 NS
ke 7(x—4) = 0. omain:
I:(axi;)x:()) (f—g)(x)=x-5-~/5—x
7x-28=0 domain: {5}
7;24218 (fe)(x)=+x=5-~/5- =\/—x2+10x—25
domain: (—eo,—8)U(-8,4)U(4,°) domain: {5}
[f ]( y=
NS5—x
domain: &
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51. flx) =2x; g(x) =x +7 56. f(x)=Tx+1;g(x)=2x"-9

a. (foo)x)=2(x+7)=2x+14
a.  (fog)x)=7(2x*-9)+1=14x> —62
b. (gof)(x)=2x+7
b. (gof)(x)=2(7Tx+1)>-9
¢ (fog)2)=2(2)+14=18 =2(49x% +14x+1)-9
=98x% +28x—7
52. fix)=3x;gx)=x-5

a.  (fog)x)=3(x—5)=3x-15 e (fog)2)=142)*-62=-6

b. (go/)(x)=3x-5 57. f(x):x2+2;g(x):x2—2
. (feg)2)=3(2)-15=-9 a.  (fog))=(x*-2)"+2
=xt—4x? +4+2
53. flx)=x+4;g(x)=2x+ 1 =x*-4x’ +6
a. (fog)x)=QRx+1)+4=2x+5 b. (gOf)(x)Z(x2 +2)2_2
=xt+ax?+4-2

b. (gof)x)=2(x+4)+1=2x+9 =xt 14?40

¢ (fog)2)=202)+5=9 c. (fog))=2*-4(2>+6=6
54. flx)=5x+2; glx)=3x-4
58.  f(x)=x’+1l;g(x)=x>-3
a.  (fog)x)=5Bx-4)+2=15x-18
a.  (fog)x)=(x"-3)+1
=x*—6x? +9+1
=x*—6x? +10

b. (g0 f)(x)=3(5x+2)—4=15x+2

. (fog)2)=152)-18=12
b (gof)x)=("+1)*-3

55. fix)=4x-3; g(x)=5x" -2 =t 2% +1-3
=x*+2x2 -2
a.  (fog)(x)=4(5x*-2)-3
=20x> -11 . (fog)2)=2*-6(2)>+10=2
b, (gof)(x)=5(4x=3)*-2 59. f(x)=d—x; g(x)=2x>+x+5

=5(16x> —24x+9)-2
_ 202 _
=80x" —120x+43 a (fog)(x)=4—(2x2+x+5)

2
¢ (fog)(2)=20(2)>-11=69 =4-2" x5
=-2x"—x-1

b.  (gof)(x)=2(4-x)" +(4—x)+5
=2(16—-8x+x>)+4—x+5
=32—16x+2x> +4—x+5
=2x2 —17x+41

¢ (fog)2)=-202%-2-1=-11
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60. f(x)=5x-2; g(x)=—x>+4x—1

a.  (fog)x) =5(—x2 +4x—1)—2
=—5x2 +20x—5-2
=—5)c2 +20x-7

b.  (gof)(x)=—(5x-2)" +4(5x—2)-1

—(25x% =20x+4)+20x -8 -1
= —25x2 +20x—4+20x—-8—1
= 25x2 +40x—13

¢ (fo2)2)=-5(2)>+20(2)-7=13
61. f(x)=+x; gx)=x—-1

A (feg))=vx-1

b, (go /) =x-1

¢ (fe@)=V2-1=41=1
62. f(x)=+x;g(x)=x+2

A (fe@))=vx+2

b.  (go/)x)=vx+2

¢ (fe@)@)=v2+2=V4=2

63. fix)=2x—3; g(x)=>

A (fog)x)= 2[x+3j 3

2
=x+3-3
=x
_(2x-3)+3 :2:
b.  (gof)(x) = 5

c (fog)2)=2
64.  f(x)=6x-3;g(x)= xTH

x+3

a. (f°g)(X)=6( 5

j—3=x+3—3=x

6x-3+3 _6x _

b (go )=

¢ (fe2)2)=2

Section 1.7 Combinations of Functions; Composite Functions

65.

66.

67.

68.

fm=t; gw=1
X X

A (fegl®=1=x
1
b (go/)0)=p=x

¢ (fo2)2)=2

10=2; e=2
X X

B

(feg)x)=

x\m|l\)

b. (g )x)=

x\m|l\)

¢ (fe2)2)=2

a. (fog)(X)=fej=1L,x¢o

b. We must exclude 0 because it is excluded from g.

1 .
We must exclude —5 because it causes the

denominator of fog tobeO0.
domain: [—oo, —%) U (—%, Oj U(0,e0).

1 5 5x
a. fwguo=f(;]=T::=l+4x

X
b. We must exclude 0 because it is excluded from g.
1 .
We must exclude _Z because it causes the

denominator of fog tobe 0.

domain: [—w,—%J U[—l,OJ U(0,e0).

4
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69. a. (fog)(x)=f(%j:

70.

71.

72.

73.

210

4
x

ﬂ+1
X

) @(x)
(i+lj(x)

We must exclude 0 because it is excluded from
g.

We must exclude —4 because it causes the
denominator of fog tobeO.

domain: (—ee,—4)U(—4,0)U(0,).

6
x

fog(x)=f[—]— -0

6.5 6+5x
x

We must exclude 0 because it is excluded from
g

6 .
We must exclude —g because it causes the

denominator of fog tobeO.
6 6

domain: [—w,—gju(—g,ojU(o,oo).
fog(x)=f(x=2)=vx-2

The expression under the radical in f o g must

not be negative.
x—220
x=2

domain: [2,c0).

fog(x)=f(x-3)=x-3

The expression under the radical in f o g must

not be negative.
x=320
x=3

domain: [3,0).
(feg)x)=f(WI-x)
(Vi=x) +4

I-x+4
5-x

74.

75.

76.

77.

78.

79

80

81.

82.

83.

84.

85.

86.

87.

88.

- S) =

- SO =Nl gx)=3x-4

b. The domain of fog must exclude any values

that are excluded from g.
1-x=20
—x=-1
x<1
domain: (ee, 1].

a.  (fog)x)=f(W2-x)
(\/Z—x)2+1

2—x+1
3—x

b. The domain of f og must exclude any values

that are excluded from g.
2—-x20
-x=-2
x<2
domain: (ee,2].

J@=xt g(x)=3x-1
f(x)=x"g(x)=2x-5
f(x)=¥x g(x)=x*-9
f(x)=+lx;g(x)=5x"+3

gx)=2x-5

f@=t gx)=25-3
X

(Ej(”:&:i:o

3 -3

The domain of f+ g is [—4,3] .

The domain of iis (-4,3).
g
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89. The graphof f+g 97.

90.

91.

92.

93.

94.

95.

96.

1,9
(—4,5)4
(-3,5)]]
(=2,5)

510, 3)

(la 2)_
(2,0)
3 x
(3[’ _3)

The graph of f—g

(-1,1 y
(-4,5)&)
(-3,3%
(_25 1) :GL 0)

98.

(g2/)(0)=g(f(0))=g(2)=-6 ”.
(gof)(-1)=g(f(-D)=g(1)=-5

(feg)x)=7

2(x2 —3x+8)—5=7
232 —6x+16-5=7
232 —6x+11=7
2x% —6x+4=0

x> —3x+2=0
(x-1)(x=2)=0

x—2=0
x=2

x—=1=0 or
x=1

(feog)x)=-5
1—2(3x2+x—1):—5
1—6x% —2x+2=-5
—6x% —2x+3=-5
—6x2 —2x+8=0

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

100.

3x+4=0 or x—1=0
3x=—4 x=1

4

xX=—-—

3

Copyright © 2018 Pearson Education, Inc.
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M+ F)(x)=M(x)+ F(x)
=(1.48x+115.1)+(1.44x+120.9)
=2.92x+236

b. (M+F)(x)=2.92x+236
(M + F)(25)=2.92(25)+236
=309
The total U.S. population in 2010 was 309
million.

¢. Itis the same.

a. (F-M)(x)=F(x)-M(x)
(1.44x+120.9)— (1.48x +115.1)

—0.04x+5.8

b.  (F—M)(x)=-0.04x+5.8
(F — M)(25) = —0.04(25)+ 5.8
=48

In 2010 there were 4.8 million more women
than men.

¢. The result in part (b) underestimates the actual
difference by 0.2 million.

(R—C)(20,000)

= 65(20,000) — (600,000 +45(20,000))
=-200,000
The company lost $200,000 since costs exceeded
revenues.

(R-0)(30,000)

=65(30,000) — (600,000 + 45(30,000))
=0

The company broke even.

(R — C)(40,000)

= 65(40,000) — (600,000 + 45(40,000))

= 200,000

The company gained $200,000 since revenues
exceeded costs.

a. The slope for fis -0.44 This is the decrease in
profits for the first store for each year after
2012.

b. The slope of g is 0.51 This is the increase in
profits for the second store for each year after
2012.

c. f+g=-044x+13.62+0.51x+11.14
=0.07x +24.76
The slope for f+ g is 0.07 This is the profit for
the two stores combined for each year after
2012.
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101. a.

102. a.

d.

[ gives the price of the computer after a $400
discount. g gives the price of the computer after
a 25% discount.

(fog)(x)=0.75x—400

This models the price of a computer after first a
25% discount and then a $400 discount.

(go f)(x)=0.75(x—400)
This models the price of a computer after first a
$400 discount and then a 25% discount.

The function f og models the greater discount,

since the 25% discount is taken on the regular
price first.

[ gives the cost of a pair of jeans for which a $5
rebate is offered.
g gives the cost of a pair of jeans that has been
discounted 40%.

(fog)(x)=0.6x=5
The cost of a pair of jeans is 60% of the regular
price minus a $5 rebate.

(gof)(x)=0.6(x-5)

=0.6x-3

The cost of a pair of jeans is 60% of the regular
price minus a $3 rebate.

f og because of a $5 rebate.

103.-107. Answers will vary.

108. When your trace reaches x = 0, the y value disappears
because the function is not defined at x = 0.

NORMAL FLOAT AUTO REAL RADIAN MP

212

109.

110.

111.

112.

113.

114.

115.

116.

117.

NORMAL FLOAT AUTO REAL RADIAN MP m

2

(f e @)(®) =2-x

The domain of g is [0,e0).
The expression under the radical in f o g must not
be negative.

2-/x20
—Jx>=2
Jx<2

x<4
domain: [0,4]

makes sense
makes sense

does not make sense; Explanations will vary.
Sample explanation: It is common that fog and

go f arenot the same.

does not make sense; Explanations will vary.
Sample explanation: The diagram illustrates

g(f(x))=x2+4.

false; Changes to make the statement true will vary.

A sample change is: (/o g)(x) :f( x° —4)

2
=( x2—4) -4
=x>—4-4

=x>-8

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

f(x)=2x;g(x)=3x
(fog)(x)=f(g(x))=f(3x)=2(3x) = 6x
(gof)(x)=g(f(x))=g(f(x))=3(2x)=6x

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

(fog)(4)=r(g(4)=r(7)=5

true
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118. (fog)(x)=(f°g)-x)

S(g(x))= f(g(-x)) since g is even
S(g(x) =1 (g(x)) so fogiseven

119. Answers will vary.

120, Xl x#3_, x
5 2 4

20[ XL XH3) _opf4-%

5 4

4(x-1)-10(x+3)=20-5x
4x—-4-10x-30=20-5x
—6x—34=20-5x
—6x+5x=20+34
—1lx=54
x=-54
The solution set is {-54}.

121. Let x = the number of bridge crossings at which the
costs of the two plans are the same.
NO,_,EaSS Discount Pass
6x = 30+4x
6x—4x=30
2x =30
x=15

The two plans cost the same for 15 bridge crossings.

The monthly cost is $6(15) = $90.

122. Ax+By=Cy+D
By—Cy=D—-Ax
y(B-C)=D-Ax
_D—-Ax

YT B-c

123. {(43 _2)7 (19 _1)7 (19 1)’ (4’ 2)}
The element 1 in the domain corresponds to two

elements in the range.
Thus, the relation is not a function.

124. x=§+4

125. x=y2-1

Section 1.8 Inverse Functions

Section 1.8

Check Point Exercises

1. f(g(x))=4(xz7j—7

=x+7-7
=X

g(f(r)=E=D*7

_Ax=-T7+7

=X

fle)=g(f(x)=x

2. f(x)=2x+7
Replace f(x) with y:
y=2x+7

Interchange x and y:
x=2y+7
Solve for y:
x=2y+7
x=7=2y
x=7 _
2

Replace y with f -1 (%):

=T
)= 5

3. fx)=4x -1
Replace f(x) withy:
y= 4x3 —1
Interchange x and y:
x=4y> -1
Solve for y:
x= 4y3 -1
x+1=4)3
x+l_ 3

x+1

3~ =
4
Replace y with f - (x):

Sl Laal
=35
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Alternative form for answer:

3/
fxy =3 x4l _Nx+l

4 4
_Ax+1 2 Pax+2
P2x+2

2

5

Sl

x+1
S(x)=
x=35
Replace f(x) with y:
_x+l
x=5
Interchange x and y:
x:y_-'-l
y=5
Solve for y:
=2
y=5
x(y=5)=y+1
xy=5x=y+1
xy—y=5x+1
y(x—=1)=5x+1
_ Sx+l
x—1
Replace y with f _l(x):

,X#S5

f_l(x) _ Sx+1

x—1

The graphs of (b) and (c) pass the horizontal line test
and thus have an inverse.

Find points of f -1

f(x) )
(-2,-2) | (-2,-2)
(-1,0) (0,-1)
1,2) 2,1)
yy D
- l’
(=100~ L
X
(-2, -2
\
20
o, -1

Concept and Vocabulary Check 1.8
1.

2.

f(x)= X2 +1
Replace f(x) with y:
y= X2+l
Interchange x and y:
x= y2 +1
Solve for y:
x= y2 +1

x—1= y2

1=y

Replace y with f -1 (x):

ST @=x-1
1,2)
2

=11
7

<~

-
[
o

o~ ]
1
1

0, 1)

inverse
X, X
horizontal; one-to-one

y=x

Exercise Set 1.8

f(x)=4x; g(x) =§

f(g(x) = 4&) = x

g(f() = ‘fo —x

fand g are inverses.

f(x)=6x;g(x) =§
f(g(x)) = 6(%} =x

g(/(0) =2 =x

fand g are inverses.
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x—8

3. fix)=3x+8; gx)= 3

f(g(x)=3 E%ﬁ +8=x-84+8=x
Gx+8)-8 _3x _

g(f(x) = 3 3
fand g are inverses.
4. f(x)=4x+9;g(x)=xT_9

f(gx)=4 XT_9J+9=x—9+9:x

e (f(9) = (4x+49)—9 =474x=x

fand g are inverses.

5. flx)=5x-9; g(x)=x-9i-5

f(g(x))=5[x;5]—9

_ 5x+25_9

9
_5x-56

9
5x-9+5 5x-4

g(f(x) =

9 9
fand g are not inverses.
6. f(x)=3x—7;g(x)=x;3
x+3 3x+9 3x—40
x))=3 -7= 7=
f(g) [ . j - .
3x-7+3 3x-4
g(f@)==——="
fand g are not inverses.
3 3
7. f(x)=——;g(x)=—+4
x—gl 3x
(g(x)) = =3=X
s 344-4 3
X X
3
g(f(x))=T+4
)
:3~x_4j+4
3
=x—-4+4
=x

fand g are inverses.

Copyright © 2018 Pearson Education, Inc.

10.

11.

12.

13.

Section 1.8 Inverse Functions

FO) =g =245
x=5 X

2 2x
f(g(X))_W_T_X
g(f(x))=%+5=2(x;5 +5=x-5+5=x

x5

fand g are inverses.

£(0) =—x:g(x) =—x
£(g(0)=—(x) =x
g(f(0) =—(-x) =x

fand g are inverses.

1) =Y g(x)= x> +4
f(g(x>):m:3¢x_3:x
g(f(x))z(%/xﬁ)3+4=x—4+4=x

fand g are inverses.

a. fix)y=x+3
y=x+3
x=y+3
y=x-3

S =x-3

b.  f(f ' (x)=x-3+3=x
@) =x+3-3=x

a. f(x)=x+5
y=x+5
x=y+5
y=x-5

S =x-5

b. f(f_l(x))zx—5+5=x
) =x+5-5=x

a. f(x)=2x
y=2x
x=2y

X

=N

=3

[\

b. £ (x)= 2@ = x
)= 27)‘ —x

215
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14. a. f(x;:j; b. f(f_l(x))=(3x—2)3+2
x=4y =x—-2+2
_x =x
1 4 ey =P +2-2=Y =«
. (X)ZZ
18. a. f)=x>-1
3
_ X y=x" -1
b. f(f 1(x)):4(zj:x =y 1
-1 _4x x+1=y°
FHI@)="=x y=30
) =x+1
15 a.  f(x)=2x+3
y=2x+3 3
§f§y+3 b. f(f‘l(x)):(%/xﬂ) -1
X= _x)i3 =x+1-1
= =X
f_l(x)zxz—s o= 1= =x
2
19. a. f(x)=(x+2)°
oy oo 23 y=(x+2)’
b. () 2( . j+3 oy
i§—3+3 %/;:é)/i—z
- y=ix-2
R e =Ye—2
I o b /(7 @ =(Ya-242) = (%) =x
=3y-1 -1 _3 3
sy G =)’ -2
_x_+1 =x
JE? 3
o xtl 20 a.  f(x)=(x-1)
S 3 y:(x_l)z
=(y-1
_1 x+1 §/§=§/y_1)
b /(rw)=3 o |t=arisl=a M
4 3141 3x
/@)= 3 3 L, ; 3 a3
b. /(@)= (¥x+1-1) = () =x
17. a. f(x)=x§+2 f_l(f(x)):\/(x—ﬁ+1:x—1+1:x
y=x"4+2
x=y3+2
x—2—y3
y=\3/x—2
fw=Yx-2
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Section 1.8 Inverse Functions

1 24. a fx)=3x
f(x):; y:g/;
y=1 x=3y
X y:x3
xzi =y
i b /(@)= =x
y=; = =
=t S @)= (V) =
X
SO @)= =x R
1 _x+4
S =7 =x T2
x Lot
-2
> xy—2x=)J/}+4
fx)== xy—y=2x+4
b y(x-1)=2x+4
y=2 2x+4
)2C Cox-1
xz; f_l(x):2x+4,x;tl
w=2 x—1
y=% 2x+14+4
rlw=2 b S 0) =g
X -2
2y ()
I )=z=27=x C2x+4-2(x-1)
- 6x
i "6
) =X
{2
x W) ==
R
1= 28t a(x-2)
i;ﬁ _6x+4—(x—2)
f_l(x)zxz,xZO =y

f(f_l(x))=\/x72=|x| =x forx>0.
) =Wx)? =x

Copyright © 2018 Pearson Education, Inc. 217



Chapter 1 Functions and Graphs

2. 2.  f)=2"> I el
x=6 b ST )=
3x+1_3
x+5
y= i x=2
43 _2(3x+1)+x-2  6x+2+4x-2
Y76 3x+1-3(x=2) 3x+1-3x+6
xy—6x=y+5
xXy—y=6x+5 :7_x:x
y(x-1)=6x+5 7
_6x+5
= 32+
-1 _ 6x+ —1 _ xX—
fl = e) T
—
645 :3(2x+1)+x—3
4, 1 2x+1-2(x-3)
b. f(f (x))—m _6x+3+x-3 _Tx
1 0 2x+1-2x+6 7
6x+5+5(x—1)
= 2x-3
6x+5-6(x—1) 28. a. x)=
_1x S ) x+1
TN y=2x—3
= x+1
6(X+Zj+5 _2y-3
-1 X = -
S (f(x))= 5 y+1
6—1 xy+x=2y-3
x— _
_ 6x+30+5(x—6) yx-2)=-x-3
N x+5-(x-6) y:—x—3
_lx 2
T =73 Lo
=X f ( ) x=2 >
moe S )55
x— _ Z
B b /(W) =S
4 x-3 x=2
x= 22t _2x=6-3x46 _—5x_
y-3 -x-3+x-2 -5
X(y-3)=2y+1 20-3) s
xy=3x=2y+1 4 __( v+l )_
xy—2y=3x+1 f (f(x))—T
Yx—-2)=3x+1 x+1
_3x+l _2x+3-3x-3_ Sx_
x=2 2x-3-2x-2 -5
_1( )_3x+l
S x)= x=2 29. The function fails the horizontal line test, so it does

not have an inverse function.

30. The function passes the horizontal line test, so it does
have an inverse function.

31. The function fails the horizontal line test, so it does
not have an inverse function.
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Section 1.8 Inverse Functions

The function fails the horizontal line test, so it does b. y f
not have an inverse function. 5 1
The function passes the horizontal line test, so it does (=10 _(1’ D
. . I3
have an inverse function. . —1)]
L1111
. . . . NN
The function passes the horizontal line test, so it does [T

have an inverse function.
c.  domain of f: (—oo,c0)

S
}}",5(2’,3’) -1 range of f: (—eo,00)
__(P’Z} (CE;"Z?) domain of f_l: (—oo,oo)
Y
(_“.". :) @ !0.‘)5:x range of f71: (—o0,00)
R
40. a. f(x)=2x-3
y=2x-3
v S x=2y-3
immm g x+3=2y
59 X+3
(-1, 2ygs y
[l 117(5,3) x+3
— H. e f—l( )_
=3, |0|) (2, —Ill) ] 2
(0’ _3} I |
b. y
a, S
| \yk_\ S 24 (=3,0) (3,3
? 2,1) ~
muni e
BN s aasadC L) ©.-3)
1L,0)>+ RN
c.  domainof f: (—oo,c0)
range of [ : (—eo,00)
I |f E Y domain of f_lj (—oo,oc)
(=2,4)87 B
(-1,2)= range of f L. (—o0,00)
—(0,1) x
ST eNeze
S ) J;)l 4. a f)=x"-4
(4, =
/ 2
2, -1) - y=x2—4
x=y -4
4=y?
a. x)=2x-1 x+4=y
a ;=2x—1 Vx+d=y
x=2y—1 f (x)=11x+4
x+1=2y
x+1 _ b. y f
- = :(I()l,Z) S f—l
- x+1 0
f l(x):T (_f’ll} — 12’0)
(=4,0) lll I$3Ix
(0, —4) (||’| ||)
NN RN EE
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42.

43.

220

domain of f: [0,e)
range of f: [—4,00)
domain of /71 [4,e0)
range of f7': [0,00)

f)=x"-1

I
|

LO0) a5~ .
EHeEn S
0, -1 T3, '-2)

domain of f: (—oco,0]

range of f: [—1,0)
domain of f7!: [—1,00)
range of f71: (=eo,0]

2
f(x)=(x-1)

2
yz(x—l)2
x=(y-1)

Jr=y
—x/;+1=y
ST =1-x
Sy
1,4) 111
RO
0, 1) Sl
— f_l
4, -1
[TTT1]

domain of f: (—oo,1]
range of f: [0,e0)

domain of /7' [0,e0)
range of /711 (=eo,1]

44.

45.

46.

(1,0)°
domain of f: [1,0)
range of f: [0,c0)

domain of f7': [0,e0)
range of ! [1,0)

fx)=x-1
y=x3—1
x=y3—1
x+1:y3
Ix+ =y
o =x+1
0,1 yy f

)

|
-1
(=1.0) ==/, 0)

~ [

= 5x

| O, -1
4 1T
(-1,-2)

domain of f: (—eo,c0)

(—2, _1)

range of f: (—eo,00)
domain of f7': (—o0,00)

range of /' (—o0,00)

fx)=x>+1
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47.

48.

21,2
il). e, '1)_1
(-1,0) —/

— 5 x
| I(}’IO)
{05 _1)J

domain of f: (—eo,c0) 49.

range of f: (—eo,00)
domain of £7!: (—o0,00)

range of £ (—o0,00)

() =(x+2)
y=(x+2)
x=(y+2)

%/;=y+2

Yx-2=y

f=Yx-2

Sy
1 @€-1
(2,00 PN}

=
I |
| (05 _2)

(-1, -3) 50.

domain of f: (—eo,c0)
range of f: (—eo,00)
domain of f7!: (—o0,00)

range of £ (—o0,00)

f()=(x-2)°
y=k-2y
x=(y-2)°
%/;=y—2
%/;+2=y

=Px+2

@3)

R
(0,2)\ ) __;‘__ f—l
= 3,1
"

hil|
1L DEHNTE 2, 0)

| NN J [T\ L1

[ a, -1

Section 1.8 Inverse Functions

domain of f: (—eo,c0)
range of f: (—eo,o0)
domain of f7!: (—o0,00)

range of £ (—o0,00)

f(x)=vx-1

2) (.2)
T f

0, 1) = ~(2,1)
)T X
i

~

domain of f: [1,e0)
range of f: [0,c0)
domain of £~ [0,e0)
range of £ [1,0)

S =x+2
y=\/;+2
x=\/;+2

x—2:\/;
(x-2)% =y
o =(x-2)7°

|||y f_1(4 4)
a,3)7? oo
e Shee e
02473
@, 0~
-

domain of f: [0,c)
range of f: [2,)
domain of f7': [2,e0)
range of f7': [0,0)
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51, a.  f(x)=3x+l 56. (g°/)(0)=g(/f(0)=g(4)=2
=3x+1
izs)ycﬂ 57. f'(g(10))= £ (-1) =2, since f(2)=-1.
x—lz%/;
x-1)°=y 58. f_l(g(l))zf_l(l)z—l, since f(-1)=1.
==
59. (f2)(0)=/(g(0)
b St =f(4-0-1)
i(IHZ) 51 =f(-1)=2(-1)-5=-7
O DLt )
— — 60. (gof)(0)=ggf(0)) )
\ =g(2-0-5
Lo R = g(-5)=4(-5)-1=-21
o, -1
c. domainof f: (—es,c0) 61. Let f'(1)=x. Then
range of [ : (—eo,o0) 2&(}221
domain of f7!: (—o0,00) 2x=g
X =
ngeof 71+ () s, /1) =3
_3< 7
52. a f()=vx-I 62. Let g7'(7)=x. Then
y=3x-1 g(x)=7
x={r-l 4x-1=7
x=y-1 4x=8
SHl=y x=2
=2 +1 Thus, g 1(7):2
b. -1 _ 2
1(,0,,1),{ ’f 1.2 63. g(f[h(l)])_g(f[l +1+2J)
AN 2, 1) =g(f(4)
L0y T/ =g(2:4-5)
= 3 x :g(3)
/ (1,0 =4-3-1=11
(09 _I)J
_ 2
c. domainof f: (—eo,e0) 64. f(g[h(l)]);;t(:);lJer)
range of f: (—oo,00) = f(4-4-1)
domain of f7!: (—o0,00) 25.815525:25

range of /' (—o0,00)
65. a. {(Zambia,4.2), (Colombia, 4.5),
(Poland, 3.3), (Italy, 3.3),
53. f(gM)=r(1)=5 (United States, 2.5)}

54. )= £(2)=—1 b. {(4.2, Zambia), (4.5 , Colombia),
/(g®)=7(2) (3.3 . Poland), (3.3, Ttaly),
(2.5, United States)}

55. (go/)(=1)=g(f=D)=g(1)=1 fis not a one-to-one function because the
inverse of f'is not a function.
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66. a. {(Zambia,- 7.3), (Colombia, - 4.5), 77.
(Poland, - 2.8), (Italy, - 2.8),
(United States, - 1.9)}
b. {(-7.3, Zambia), (- 4.5, Colombia),
(- 2.8, Po land), (- 2.8, Italy),
(- 1.9, United States)}
g is not a one-to-one function because the
inverse of g is not a function.
67. a. It passes the horizontal line test and is one-to-
one. 8.
b. f7(0.25) =15 Ifthere are 15 people in the
room, the probability that 2 of them have the
same birthday is 0.25.
77(0.5) =21 If there are 21 people in the room,
the probability that 2 of them have the same
birthday is 0.5.
77(0.7) = 30 If there are 30 people in the room,
the probability that 2 of them have the same
birthday is 0.7.
68. a. This function fails the horizontal line test. 79.
Thus, this function does not have an inverse.
b.  The average happiness level is 3 at 12 noon and
at 7 p.m. These values can be represented as
(12,3) and (19,3) .
c.  The graph does not represent a one-to-one
function. (12,3) and (19,3) are an example of
two x-values that correspond to the same y-
value.
80.
915
69. f(g(x)= 3 ;(x -32) |+32
=x-32+32
=x
g(f(x) = g[(%x + 32} - 32:|
=x+32-32
=X
fand g are inverses.
70.—75. Answers will vary. 81.

76. NORMAL FLOAT AUTO REAL RADIAN MP

%

5

1]

not one-to-one

Section 1.8 Inverse Functions

NORMAL FLOAT AUTO REAL RADIAN MP n

one-to-one

NORMAL FLOAT AUTO REAL RADIAN MP n

v
/]

one-to-one

NORMAL FLOAT AUTO REAL RADIAN MP 4‘,&n
15] j

NORMAL FLOAT AUTO REAL RADIAN MP n

not one-to-one

not one-to-one

NORMAL FLOAT AUTO REAL RADIAN MP n

not one-to-one
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82. NORMAL FLOAT AUTO REAL RADIAN MP n

5

=5,

one-to-one

b:X J NORMAL FLOAT AUTO' REAL RADIAN' MP

1]

not one-to-one

b.¥ M NORMAL FLOAT AUTO REAL RADIAN MP

5
y=x
I
]
8

1]

85.

1]

f and g are inverses

b /i NORMAL FLOAT AUTO REAL RADIAN MP

]

fand g are inverses

224

87.

88.

89.

90.

91.

92.

93.

94.

95

makes sense
makes sense
makes sense

does not make sense; Explanations will vary.
Sample explanation: The vertical line test is used to
determine if a relation is a function, but does not tell
us if a function is one-to-one.

false; Changes to make the statement true will vary.
A sample change is: The inverse is {(4,1), (7,2)}.

false; Changes to make the statement true will vary.
A sample change is: f{x) = 5 is a horizontal line, so
it does not pass the horizontal line test.

false; Changes to make the statement true will vary.

A sample change is: f_l(x) = g

true

. (fog)(x)=3(x+5)=3x+15.
y=3x+15
x=3y+15
x—15
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96. 3x-2
f(x)_Sx—3
3x-2
Sx-3
3y-2
5y-3
x(5y-3)=3y-2
S5xy—3x=3y-2
Sxy—3y=3x-2
y(5x—=3)=3x-2
3x-2
5x-3
3x-2
5x-3
Note: An alternative approach is to show that

(f e f)x)=x.

y:

X =

y =
=

97. No, there will be 2 times when the spacecraft is at the
same height, when it is going up and when it is
coming down.

98. 8+ l(x-1)=10
fx-n=2

f(2)=x-1
-1

=
I
N = o=

99. Answers will vary.

100. 2x>—5x+1=0

5 f17
x——=%|—
4 16
5 17
X——=*t—+
4 4
5 17
x==+2"
4
5+4/17
x:
4
+
The solution set is {5 _;/ﬁ} .

Section 1.8 Inverse Functions

101. 28%+15.7% =x2
784 +246.49 = x*

1030.49 = x?
32=x
The size of the screen is about 32 inches.

102. 3[2x-1=>21
2x-=1|=27
2x—-1<-7 2x-127
2x<-6 O 2x>8
a_-6 8
2 2 2 2
x<-3 x=>4

The solution set is {x|x<-3 orx>4]
or (—eo,=3] U [4,).

< )

:
C
-3 4

=
>

103. y(x —x)? + (0 —3)? =y(1=7) +(=1-2)?

=V(6) +(-3)°

=+/36+9
=.J45
=35
104. y

Hast 11

e, —1)

(1, 0) L

N 2.5

(0||_|1\{/ N

R A

[T (1,—2)j

-6y =
32 —6y+9=4+9
(y-3)° =13
y-3=+/13

y=3% Vi3
Solution set: {3 + \/E }
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Section 1.9 6. 2 +y2 +ax—dy—1=0
Check Point Exercises x>+ y2 +4x—-4y—-1=0
(x2 +4x )+(y2 -4y )=O
2
1. d= JUQ—XO +(y2 =) (x2+4x+4)+b?+4y+4)=1+4+4
2 2
d= J@ D)’ +(3-(=3))° (x+2)" +(y-2)" =9
2 2 _ 42
_J216 [x-(=0)]"+(»-2)" =3
=J9+36 So in the standard form of the circle’s equation
=45 (x=h)? +(y—k)?* =2, we have
=35 h=-2,k=2,r=3.
=6.71
) (HJ z+@$j_ §:j)_(4_lj (2,57
) 27 2 2’2 T2 !
(_55 2) (19 2)
3. h=0,k=0,r=4; H x
(-0 +(y—0)7 = 4° G
xX“+ym =16 Pty tdr—dy—1=0
4. h=0,k=-6,r=10;
(x —0)2 +y- (—6)]2 =10° Concept and Vocabulary Check 1.9
(x—0)2 +(y+6)*> =100
2 2 _
22 +(y+6)2 =100 Lo =) +(n - )
5. a (x+3)§+(y—l)§ =4 ,  AtMm . Nty
x-S +(y-D" =2 2 72

So in the standard form of the circle’s equation

(x—h)2 +(y—k)2 ) , 3. circle; center; radius

WehaVe h:—3,k:1,r:2. 4. (x_h)2+(y_k)2:}’2
center: (h, k)=(-3,1)
radius: r =2 5. general
b. oy 6. 4; 16
(_3’ 3) P
-5 D11
[ e Exercise Set 1.9
(=3,-1
H tH 1. d=+y14-2)2 +(8-3)

I
=9
NG )
11
N |

[\)

¢. domain: [-5,-1] 3

I
—_
w —

range: [-1,3]

2. d=yB8-52+(5-1)>

2

|
%)

[\
+
N

I
i
Sﬂ
Y
+
N
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Section 1.9 Distance and Midpoint Formulas; Circles

+(3-(-D)

N
Py
(9] v
Il —_ N
~ [sa) ~ —
N — = ~ _
¥ ! < < Lo
| o~ i | < |
| | — + (L
N
e ¥ S I =g '
S 2 + ﬁ + | ol TN
o ) + 6\
) L Ne) ol _ el IS I K=
|+ 2 o| < N ERES
5 L~ en ﬁ o M
M -3 f Qg _J _J RIS
——= = 3 T > 9
__ I __ Il [ T __ : __ I L | | | I |
= = = = =
— N ) <t v
- o - o o
o a
> Y & -
= [ [ ~
on o ~ ~ —
< o S _ ] =
_ s ¥ T L
) 1 + v i
(o] —
+ ~y /.ﬂ + L a _ﬂ
7.\} ~ N < ]
~ + ~ [\ < N ~
S | N | | m/ <
| a | < Ne) 0 1 /\ ~ 1
2 e 3 3 S Ne)
~— —~ on — P —~ <t
— = 955 J FS r = r J r
I Il I (1 T I I I -
= S d S d
< wi = [N % N

Copyright © 2018 Pearson Education, Inc.



Chapter 1 Functions and Graphs

) e (30 1)
~ J(33) +(446) 2 72
-J9-3+16-6 b s
=27+96 =5 . 4
05 e e R
2 2
L (RN (22 28 (e 3
323255 5 5) 15 15)| | 5 15
= > T 2 || 272
=+4+1
e NENERINENY
o Us2152) U510
2 2
18. d=\/F—(—1H {é_(_lﬂ 27. (8+(—6) 3J§+7J§J
4 | 4 7 7 5 >
3 1Y e 1T 2 10V5
i) o] (215 (1)
=12 +1°
fﬁ f+3f —6+( 2))_[10v3 -8
~1.41 ’8. 5 8
19. (E,Mj:(ﬁ,gjzmﬁ) = 5[ _4
2 2 272
29.
1042 4+6) (12 10 */—J”/— —4+4
S Tj (2 2} 6.3) 2
{3\/1\/_ 0] 42 J V2.0
( +(6) B+(- 2)) 2 2
21. 5 .
:(__8 __10):(_4 -5) 30. (/50442 —6+6 B 52442 0
272 ’ 2 2 ) 2 2
672
’ ~4+(=1) =7+(-3) _(__5 __mj —[ ] (3\/_ 0)
' 2 72 272
=[‘75,_5j 3. (=0 +(y—0)% =72
x2+y2:49
23. _3; 6 _4+2(_8) 32, (x—0+(y—0)> =82
(E __lzj:[i —6] 2+ y? =64
272 2’
33, (x-3) +(y-2)" =57
24. (ﬂﬂj:(__m,éj:(_igj (x—3)2+(y—2)2:25
2 2 22 2
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34.

3s.

36.

37.

38.

39.

40.

41.

S

(x=2)7 +[y—(=D]* =42

[x=(D]"+(y-4
(x+1)" +

NN
—
~—

[\ N

|
\S)
[\S]

[x—(=3)] +(y-5)* =37
(x+3)° +(y-5)" =9

[x=3)F +[y-DF =(\3
(x+3) (y+1) 3

=S +[v-3 =(5)’

(x+5) +(y+3)° =

[x— ()] +(y-0)* =10°
(x+4)> +(y—0)* =100

[x— (-2 +(y-0)* =6
(x+2)*+y% =36

xz+y2 =16
(x=0)% +(y-0)> = ?
h=0,k=0,r=4;
center = (0, 0); radius =4

Y —
51(0,4)

/ N
/ N\

4,0)
(_4a 0) Hx

N\ /
N

©.—4)

2 +y'=16
domain: [-4,4]
range: [—4, 4]

42.

43.

44.

Section 1.9 Distance and Midpoint Formulas; Circles

x? -i—y2 =49

(x—0)? +(y—0)? =7
h=0,k=0,r=7;

center = (0, 0); radius =7

y
101 (0, 7) 1
i

e
=0
=Y

domain: [-7,7]
range: [-7,7]

p_a

(x— 3) +(y- ) =36
(x=3)+(y-1)* =6
h=3,k=1r=6
center = (3, 1); radius =6
y
0} G

1

11
3, -9
TTTTT]

=3+ -1=
domain: [-3,9]

range: [-5,7]

(x—2)*+(y-3)* =16
2
(x=2) +(y=3)* =47
h=2k=3r=4;
center = (2, 3); radius =4

y —
o] 27T

(=2,3)4 b (6,3)

L~ 1§
N

=27+ (y
domain: [-2,6]
range: [-1,7]
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45.

46.

47.

230

(x+3)*+(y-2)% =4
[x—(=3)* +(y-2)* =27
h=-3,k=2,r=

center = (-3, 2); radius =2

NP4
(-3,4) TTTT]
| ST
AN
(_532) (_152)_
N /
(-=3,0) P X

@+32+(y-27%=4
domain: [-5,-1]

range: [0,4]

(x+1)° +(y—4)* =25
[x= (=D +(r-4)* =5
h=-lLk=4,r=5,

center = (—1, 4); radius=15
¥A
L

| I'TT1
. 4) @, 4)
(-1,-1) K

|
!

!
+(y—4)3?=25
domain: [—6,4]

range: [-1,9]

(x+2)? +(y+2)* =4

[x—(=2)1 +[y - (-2)]* =2*
=- r=2

2
h==2,k=-2,
center = (-2, —2); radius =2
y

)

2,0)

/1 N\

(
| N 4
(=2, —4)
x+2?%+(y

domain: [—4,0]

HH
I I
+2)%=4

range: [—4,0]

48. (x+4) +(y+5)> =36

[x= () +[y-(5)] =6
h=—4k=-57r=6

center = (—4, —5); radius =6

Yy
1J
4D
7 E‘}
-10, —-5)
=1 . @, -5
(—4~ih

domain: [-10,2]
range: [-111]

49. x2+(y-1)7 =1
h=0,k=Lr=1;
center = (0, 1); radius =1

\.
[3°)
o

/1
N

2+ -1D*=1
domain: [-1,1]

range: [0,2]

50. x2+(y-2)" =4
h=0,k=2,r=2;
center = (0,2); radius =2

y

HH5E O 9

T N

2,2) 2,2)
/

(0,0 X

P+(y-27=4
domain: [-2,2]
range: [0,4]
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51 (x+1)7+)% =25 54. X2+ 2 +8x+4y+16=0
h=-1k=0,r=5 (2 +8x)+ (17 +4y) =-16
center = (—1,0); radius =5
y (x2+8x+16)+(y2+4y+4)=20—16
A

(x+4)2+(y+2)2 =4

!
(-6, 0)‘7‘55? 4, (I)) ) )
T x4y -2 =2
(-1,-5) center = (—4, —2); radius =2
HHT
x+12+y*=25 y
domain:[ [—6,]4] “(-a.0)
range: |-5,5 TN x
=6 |_|2f N CSZ e

52. (x+2)+y%=16
h==2,k=0,r =4

X+ +8x+4y+16=0

center = (—2,0); radius =4 5 9
y 55. x“+y°=10x-6y-30=0
10} (-2, 4)] (x2 —10x)+(y2 —6y) =30
mE
(=6, 007N 2. 0) (7 =10x+25)+( % —6y+9) = 25+9+30
[mm =
Ba g i ! (x=5)% +(y-3)* =64
HHH (x=5) +(y-3)" =8
x+2P%+y*=16 center = (5, 3); radius =8
y
. 151 (5, 11) -
domain: [-6,2] =N
range: [—4,4] (=3,3) : (1i,3)
(5:—5)'
53. X2+ +6x+2y+6=0 HHH

(x2+6x)+(y2+2y)=—6 P+ —10xr—6y—30=0

(x2+6x+9)+(y2+2y+1)=9+1—6 6. x24y?—dx—12y-9=0

2 2
(x+3)"+(y+1)" =4 2 2
[X—(—3)]2+[9—(—1)]2=22 (x —4x)+(y —12y):9
center = (-3, -1); radius =2 (x2—4x+4)+(y2—12y+36)=4+36+9
. X 2 2 _
AP (x=2)"+(y-6)" =49
(_3’1)
ey : (x=2°+(y-6)° =7
(—5,—1)I ey (_1-_';) center = (2, 6); radius =7
3 -IHHHH amann
R+ 6r+2+6=0 2
(=5.6) ©, 6)
28] x

Py - —-12y-9=0
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57. x> +y? +8x—2y-8=0 60. x2+32—6y-7=0
(x2+8x)+(y2_2y):8 x2+(y2—6y)=7
(x2+8x+16)+(y2—2y+1)=16+1+8

2 (2
—0Y =(1?—6y+9)=0+9+7
(x+4)% +(y—-1)? =25 (x=0)" =(7 ~6y+9) = 0+9+

[x= ()] +(y-1)* =57 (x=0)+(y=3) =16
center=(4,y1); radius = 5 (x—O)z " (y—3)2 —42
(4 6 center = (0, 3); radius = 4
||’| y
LT | |
(-9, ¢ a, D 1010, 7)
m x N
(_!4 I_4) (_4|, |3|) 4’ 3)
HEHH R EREEUE
P+y+8—2y—-8=0 HEH
P+y —6y-7=0
58. X2+ )7 +12x—6y—4=0
(x2+12x)+(y2—6y)=4 61. 2 +32—x+2y+1=0
x?—x +y2+2y =-1

(x2 +12x+36)+(y2 —6y+9) =36+9+4

xz—x+l+y2+2y+1=—1+l+l
(- + (-3 =7 ool
center = (-6, 3); radius = 7 (X_Ej +(y+1) =2
y
(_6’i li()i) 25 center = (l, lj ; radius = %
13,3 .3
) 25 s (L -1
(=6, —4) 25 (2072
T
T
CITTTT
P+y+12x—6y—4=0 o<1 23
1 3\ et @, -
27 2 H

59. X2 —2x+y?-15=0
()62—2x)+y2 =15
(¥ =2x+1)+(y=0)* =1+0+15
(x=1+(y-0)> =16
(x=1)" +(y—-0)* =42
center = (1, 0); radius =4

P+y—x+2p+1=0

51, 4) ]
3,01 N30
X
\‘ ,/
(1, -4,

224y —15=0
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1
62. x2+y2+x+y—5=0
1
x2+x +y2+y :E
24 +1+ 24 +1 l+1+1
X" +x+— —=—4—+—
4 TYTT Ty
x+l + y+= =1
2 7Y
center= ——,—— ;radius=1

U

x2+y2+x+y—%=0

63. x2+y2+3x—2y—1:0
x> +3x +y2—2y =1
x2+3x+%+y2—2y+1=l+%+1

(”%)Zﬂy—l)%ﬂ

4
center = —E,l ; radius = ﬁ
2 2
3 \17
y <7J+3>
3 17 1 5
22 e <_2+Vl_7>
NE —\ 2 2’
A () 4
= 5 X
(3,0
2’ 2

P+ +3x—2y—-1=0

64.

65.

Section 1.9 Distance and Midpoint Formulas; Circles

x2 +y2 +3x+5y+%=0

A N .' X

A== b
—4, -2 3
< 2) A Vi — (_Ey _5)

x2+y2+3x+5y+%=0

Since the line segment passes through the
center, the center is the midpoint of the
segment.

XX yi+yy
b

M:
2 2
(3+7 9+11)_(Q @j
27 2 272
=(5,10)

The center is (5,10) .

The radius is the distance from the center to
one of the points on the circle. Using the

point (3,9), we get:

d =1(5-3)* +(10-9)?

=N22+1% =4+1

-5
The radius is \/g units.
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66.

234

a.  Since the line segment passes through the
center, the center is the midpoint of the
segment.

M=% ’J’1+)’2
2 2

(345 6+4J_(§ QJ
272 272
=(4.5)
The center is (4,5) .

b.  The radius is the distance from the center to
one of the points on the circle. Using the

point (3,6), we get:

d =\/(4—3)2 +(5-6)°
=2 +(-1)* =141
=2

The radius is v/2 units.

x2 + y2 =16
x—y=4y
/’ \\
X
AN p 4
A o 4,0)
I

N, 4
Intersection points: (0,—4) and (4,0)

Check (0,—4):

0% +(—4)* =16 0—(—4)
16 =16 true 4

4
4 true

Check (4,0):

42 4+0% =16 4-0=4
16 =16 true 4 =4 true

The solution set is {(0, —4),(4,0)} .

68.

69.

x2+y2=9
x—-y=3y

S x
3,0

N0, —3)

Intersection points: (0,—3) and (3,0)

Check (0,-3):

02 +(=3)* =9 0-(-3)=3
9=9 true 3=3true
Check (3,0):

32402 =9 3-0
9 =9 true 3 true

The solution set is {(0, —3),(3,0)} )

=3
=3

=22+ (y+3?=4,
y=x-3 SENEEN
2, -1)-

Intersection points: (0,—3) and (2,-1)

Check (0,-3):

0-2)*+(=3+3)>=9 —3=0-3
(0-2)
4=4
true
Check (2,-1):
(2-2) +(-1+3)* =4 —1=2-3
024022 -4 —l=-1true
4=4
true

The solution set is {(0,-3),(2,~1)} .
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70.

[ X JE NORMAL FLOAT AUTO REAL RADIAN MP i

=32+ +1D*=9,

y=x- 1 10
2.3,2) /%\
- M X —16..1. pauE Rl AARARTRAS i6.1
0, —1)- : \{/
- —-10

Intersection points: (0,—1) and (3,2)

\
\
\

.
Check (0,-1) : 10
(0-3)> +(=1+1)* =9 —1=0-1 /i/\
2 .42 -1=-1t
(_3) +0"=9 e —16.1 16.1
9=9
true
Check (3,2): -10

(3-3)7+(2+1)° =9 2=3-1
9-0 85. f

71, d =+(8495-4422)* +(8720—1241)2 -/0.1 B ‘S
d =72.524.770 -J0.1
d = 2693
The distance between Boston and San Francisco is

about 2693 miles.

true 10
The solution set is {(O,—l),(3,2)} ) f\b
3 i

-10

86. makes sense

72. d= \/(8936— 8448)% +(3542-2625)% /0.1

d=+1.079.033-/0.1 87.  makes sense

d =328 ) . .
The distance between New Orleans and Houston is 8. does not make sense; Explangtlons will vary.
about 328 miles. Sample explanation: Since »“ =—4 this is not the
equation of a circle.
73. If we place L.A. at the origin, then we want the
equation of a circle with center at (-2.4,-2.7) and 89.  makes sense
radius 30. 90. false; Changes to make the statement true will vary.
(x— (_2'4))2 " (y _(_2.7))2 — 302 A sample change is: The equation would be

2 2 _
(x+2.4)" +(y+2.7)7 =900 X"+ y7 =256.

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

74. C(0,68 +14)=(0, 82) A sample change is: The center is at (3, -5).

(x—0)% +(y—82)> =682

X2 +(y—82)% = 4624 92. false; Changes to make the statement true will vary.
A sample change is: This is not an equation for a
75.—82. Answers will vary. circle.
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93. false; Changes to make the statement true will vary.

A sample change is: Since #* =36 this is not the
equation of a circle.

94. The distance for A to B:
Ez\/(a—l)2 +[3+d—(1+d)

=v2%+22
=+4+4

=8
=22

The distance from B to C:
BC=\(6-3)+[3+d—(6+d)]
32 +(-3)°
=4/9+9
_\/7
=32

The distance for A to C:
AC =\(6-12 +[6+d —(1+d)]
=52 +5°
=25+25
_J50
=52
AB+BC = AC
W2+3V2=5V2
5V2=5\2

95. a. dj isdistance from (x},xy) to midpoint

2 2
X +x Nty
(e (2]

2 2
g = X +xy —2x N N+y2—=2y
= 2 2

Xn — Xj 2 Vo — ) 2
- (22 1] +( g 1]

2 2 2
Xy =2NXp+ X Yy =2yt
4 4

dlz

1 2 2
dy = —(xz—lexz +x " =2yt ) )

NI»—QQ

4
—Lx, -2 2.2 2
Xy —2x1Xp Xt Yo" =2y +

d, is distance from midpoint to (x,,y, )

2 2
X, +Xx nty
S SR G

2 2
J _\/[xﬁxz—zxzj +(y1+J’2—2J’2j
2- 2 2

2 2
[?ﬁ—xzj +(J’1—J’2j
2 2

2 2 2 2
d2=\/ =200 0" 0T =20ty
_1

4 4

2
dy = (xl —2x1x) +X2 +y1 =2yt ) )

4
2\/x1 —2xxy + 07+ =20 + )
dl

b.  dj is the distance from (x;, ;) to (x,7)

2 2
d3:\/(x2—x1) +( =)
2 2. 2 2
dy =x" =2x1%0 + X" + 02" =2y + )

dy +d, = d; because %\/;-F%\/—:\/Z

96. Both circles have center (2, —3). The smaller circle
has radius 5 and the larger circle has radius 6. The
smaller circle is inside of the larger circle. The area
between them is given by

7(6)* —7(5)* =367 257

=1z
=~ 34.56 square units.

97. The circle is centered at (0,0). The slope of the radius
with endpoints (0,0) and (3,—4) is
m= —% = —%. The line perpendicular to the

radius has slope % The tangent line has slope % and

passes through (3,4), so its equation is:
3
+4==(x-3).
y 2073

98. Test for symmetry with respect to the y-axis.
X2 - y3 =2

x° = y3 =2
The resulting equation is equivalent to the original.

Thus, the graph is symmetric with respect to the
y-axis.
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99.

100.

101.

102.

Test for symmetry with respect to the x-axis.

2oy =2
3

x?—(-y) =2

x2+y3=2

The resulting equation is not equivalent to the
original. Thus, the graph is not symmetric with
respect to the x-axis.

Test for symmetry with respect to the origin.

xz—y3 =2

2 3
(-x)" =(=») =2
x2+y3 =2

The resulting equation is not equivalent to the
original. Thus, the graph is not symmetric with
respect to the origin.

a.  The relation is not a function since the two ordered
pairs (1, 6) and (1, 8) have the same first
component but different second components.

b.  The relation is a function since no two ordered
pairs have the same first component and different
second components.

2 4 6
x+3 x+5 2 48x+15
2 4 6

x+3 x+5 (x+3)(x+5)
2(x+5)—-4(x+3)=6
2x+10-4x-12=6
—2x-2=6
—2x=8
x=-4
The solution set is {—4}.

x—-200

a. p=21+2w=2(40)+2(30)=140
A=1Iw=(40)(30)=1200
The perimeter is 140 yd; the area is 1200 sq yd

b. p=2+2w=2(50)+2(20)=140
A=1Iw=(50)20)=1000
The perimeter is 140 yd; the area is 1000 sq yd

Section 1.10 Modeling with Functions

103. 7r2h=22
-2l
v
2712 + 27k = 2700 + 27 (2—22]
” r
—2m?+ =
P
Section 1.10
Check Point Exercises
1. a. flx)=15+0.08x
b. g(x)=3+0.12x
c. 15+0.08x=3+0.12x
12 =0.04x
300=x
The plans cost the same for 300 text
messages.

2. a. N(x)=8000— 100(x — 100)
= 8000 — 100x + 10000
= 18,000 — 100x

b.  R(x)= (18,000 — 100x)x
=-100x* + 18,000x

3. V(x)=(15-2x)(8 — 2x)x
= (120 — 46x +4x)x
=4x’ — 46x7 + 120x
Since x represents the inches to be cut off, x > 0. The
smallest side is 8, so must cut less than 4 off each

side. The domain of Vis {x| O<x< 4} or, in interval

notation, (0,4).

4. 2[+2w=200
2[=200-2w
[=100-w
Let x = width, then length = 100 —x
A(x) =x(100 —x)
= 100x — x* square feet
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5. V=nrlh

1000 = 7712 h
1000
77,7"2

2 +27rh

2. {100

r
2000

r

A(r)=2xr

=2nr

N——

= 27[1”2 +

6. d =\/(x—0)2 +(y-0)?

_ /x2+y2

Concept and Vocabulary Check 1.10

1.

2.

4+40.15x
x—300; 50(x-300); 5000; 50(x—300)
10-2x; 10-2x; x; 10—-2x; 10-2x; x

xy; 2x=2y; 90—x; x(90—x)

\/xz+y2 ; \/x2+x6

Exercise Set 1.10

1.

238

a.  f(x)=200+0.15x

b. 320=200+0.15x

120=01.5x
800 =x
800 miles

a.  f(x)=180+0.25x

b. 395=180+0.25x

215=0.25x
860 =x
You drove 860 miles for $395.

M (x)=239.4-03x

180=239.4-0.3x
0.3x=594
x=198
198 years after 1954, in 2152,
someone will run a 3 minute mile.

P(x) =28 +0.6x

40 =28+ 06x

12=0.6x

20=x
20 years after 1990, in 2010, 40% of babies
born were out of wedlock.

f(x)=1.25x
g(x)=21+0.5x

1.25x=21+0.5x
0.75x =21
x=28
f(28)=1.25(28)=35
2(28)=21+0.5(28) =35
If a person crosses the bridge 28 times
the cost will be $35 for both options

f(x)=2.5x
gx)=21+x

2.5x=21+x

1.5x =21
x=14

£(14)=2.5(14) =35
g(14)=21+14=35

To cross the bridge 14 times costs the same,
$35, for either method.

f(x)=100+0.8x
2(x)=40+0.9x

100+0.8x =40+0.9x
60=0.1x
600 = x
For $600 worth of merchandise,
your cost is $580 for both plans
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10.

11.

12.

13.

14.

f(x)=300+0.7x
2(x)=40+0.9x

300+0.7x=40+0.9x
260=10.2x
1300 =x

£(1300) =300+0.7(1300) =1210
2(1300) = 40+ 0.9(1300) =1210

You would have to purchase $1300 in
merchandise at a total cost of $1210.

N(x) = 30,000 — 500(x — 20)
=30,000 — 500x +10000
= 40,000 — 500x

R(x) = (40,000 — 500x)x
= 5002 +40,000x

N(x) = 20,000 — 400(x —15)
=20,000 — 400x + 6000
=26,000 — 400x

R(x) = (26,000 — 400x)x
= —400x2 +26,000x

N(x) = 9000+ 50(150 - x)
=9000—50x + 7500
=16500—50x

R(x) = (16500 — 50x)x
— —50x2 +16500x

N(x) = 7,000+ 60(90 — x)
=7000— 60x + 5400
=12400—60x

R(x) = (12400 — 60x)x
= —60x2 +12400x

Y(x) = 320— 4(x — 50)
=320—-4x+200
=520-4x

T(x)=(520—4x)x
= —4x% +520x

Y(x) =270-3(x—30)
=270-3x+90
=360-3x

T(x) = (360—3x)x
= _3x2 4+360x

15.

16.

Section 1.10 Modeling with Functions

V(x)=(24-2x)(24-2x)x
= (576—96x + 4x2)x
= 4x3 —96x2 +576x

V(2) = 4(2)° —96(2)% +576(2) = 800 If 2-
inch squares are cut off each corner, the
volume will be 800 square inches.

V(3) = 4(3)° —96(3)% +576(3) = 972 If 3-
inch squares are cut off each corner, the
volume will be 972 square inches.

V(4)= 4(4)3 —96(4)2 +576(4) =1024 If
4-inch squares are cut off each corner, the
volume will be 1024 square inches.

V(5) = 4(5)° —96(5)% +576(5) = 980 If 5-
inch squares are cut off each corner, the
volume will be 980 square inches.

V(6) = 4(6)° —96(6)% +576(6) = 864 If 6-
inch squares are cut off each corner, the
volume will be 864 square inches.

If x is the inches to be cut off, x > 0.
Since each side is 24, you must cut less
than 12 inches off each end.

0<x<12

¥ (x) = (30— 2x)(30— 2x)x

= (900 —120x + 4x% )x
= 4x3 ~120x2 +900x

V(3) = 4(3°) —120(3%) +900(3) = 1728
If 3 inches are cut from each side, the volume
will be 1728 square inches.

V(4) = 4(43)~120(42) +900(4) = 1936
If 4 inches are cut from each side, the volume
will be 1936 square inches.

V(5) = 4(5°) = 120(5%) +900(5) = 2000
If 5 inches are cut from each side, the volume
will be 2000 square inches.

V(6) = 4(6%)—120(6% ) +900(6) = 1944
If 6 inches are cut from each side, the volume
will be 1944 square inches.

V(7) = 4(7°)=120(7%) +900(7) = 1792
If 7 inches are cut from each side, the volume
will be 1792 square inches.
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c. Since x is the number of inches to be cut from 26. 2x+4y=1200
each side, x > 0. Since each side is 30 inches, 4y =1200-2x
you must cut less than 15 inches from each _ 1200 - 2x
side. 4
0<x<15o0r(0,15) 1200—2
A(x)=x et
17.  A(x)=x(20—-2x) 1o 5
=—2x? +20x - 2(200-2x) OZ —2%)
18, 5 ) _ 2x(600 —x)
A =[ 2] 432 4
4 4 _ x(600 - x)
_ﬁ+64—16x+x2 2
16 16 . . .
2%% —16x + 64 27. 2x = distance around 2 straight sides
= 16 m2r = distance around 2 curved sides
_ X —Bx+32 2x+27r = 440
8 2x=440-27r
x=220-7zr

19. P(x)=x(66—x)

=—-x" +66x
20. P(x)=x(50—x)
= —x? +50x
21. A(x)=x(400—x)
= —x? +400x
22.  A(x)=x(300-x)
= —x2 +300x
23. 2w+/=800
[=800-2w
Letx=w
A(x) = x(800—2x)
= —2x% +800x

24. 2w+1=600
[=600-2/
let x = width, 600 —2x = length
A(x) =(600—-2x)x
=—2x2 +600x

25. 2x+3y=1000
3y =1000—2x
4= 1000-2x

~ x(1000—2x)
3

240

A(r) = (220—7r)2r + 7012
= 4407 — 2702 + 71
= 440r — 71

28. 2x = distance around the 2 straight sides
2nr = distance around the 2 curved sides

2x+27r =880
2x=880—-2xr
x=440—-7zr

A(x)=r(440—-7zr)+ mr?

=440r —zr- + 7rr2
=440r

xy = 4000
29. , = 4000

X

cm:{nw(mj 175+125x
X

350y 4+ 2400.000 1 osy
1,400,000

X

=475x+

30. 125=iw

E:w; letx=1

C(x)= 20(2(12—5]+xj+9x
X

= ﬂ+20x+9x
X

_ 5000
X

+29x
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32.

33.

34.

3s.

36.

37.

300= y+4x

300—4x = y?

A(x) = x* (300 - 4x)

= —4x° +300x>

108 =y +4x

108—-4x=y

A=x*(108—4x)
=—4x> +108x2

d =\(x=0)* +(y-0)

2 2

=x"+y

2
=,fx2+(x2—4)
=\/x2+x4—8x2+16
_ 4 2
=vx =7x"+16

d =(x=0)? +(y—0)

x2+y2

=1/xz+(x2_s)2

=2 +xt—16x2 +64

=\/x4 —15x2 + 64

d=v(x-1)%+°

=\/x2—2x+1+(\/;)2

=~\x? —2x+1+x

=Vx? —x+1

38.

39.

40.

41.

42,

43.

Section 1.10 Modeling with Functions

d=y(x=2>+)"

:\/xz —4x+4+(\/;)2

=Vx? -3x+4

A(x) = 2xy
=2xV4—x?

®

b.  P(x)=202x)+2y
=4x+2V4—x°

®

A(x)=2xy
=2xv9—x?

&

P(x)=22x)+2y
=4x+29-x7

6-foot pole
2 =6 +x°
x=v36+ x?
8-foot pole
=8> +(10-x)*
¢ =\/64+100—20x + x>

c=vx?—20x+164

total length
() =36+ x2 +x2 —20x +164

Road from Town A:
? =62 +x?
c=\/36+x2
Road from Town B:
2 =32 +(12-x)°
c=/9+144—24x + 22

c=\/x2 —24x+153

F(x)=V36+x2 +Vx2 —24x+153

A(x) =L x(x=5)+Lx(x+3)
+(x+2)[(x=5)+(x+3)]

A0 =42 Fr4 b e D2

A(x) =x?—x+2x2+2x-4

A(x)=3x> +x—4
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44. A(x)=1xQx)+1(6x-4x)(x+2) 64. A(x)=(20+2x)(10+2x)—-10(20)
2 2 2
+(4x)(x+2)+2x(8) =4x“+60x+200-200
A(x)=x2+x(x+2)+4x2+8x+16x =4x2+60x
A(x) = X2 +x% +2x+4x> +8x+16x
— 612 65.

A(x) = 6x" +26 P= 2h+2r+%(752r)

45. V(x)=(x+5)2x+1)(x+2) - (x+5)3)(x) gy 2= 2hw
5 —2r—mr=2h

V(x)=(x+52x" +5x+2)-3x(x+5) 12=2r—7r

V(x)=2x> +15x% +27x+10-3x” ~15x —

V(x)=2x> +12x> +12x+10

A:(Mj2r+l(,,rz)
46. V(x)=(x)2x—-1)(x+3) 2 2
—(X))[2x=1)=(x+1)] 127 —272 — 2 +lﬂ_r2

V(x)=(x)(2x% +5x-3)—x>(x—2)

3,62 3,52 2 1>
V(x)=2x"+5x"-3x-x" +2x =12r-2r _Eﬂr
Vix)= X +7x% -3x

47.—58. Answers may vary. 66. r= 1 h
2
59. does not make sense; Explanations will vary.
Sample explanation: This model is not reasonable, V(h)=— 2 h
as it suggests a per minute charge of $30. 5
1 (1
60. does not make sense; Explanations will vary. = 57[ (E hj h
Sample explanation: The decrease in passengers is 11,
modeled by 60(x —300). = gﬂzh h
7T .3
61. does not make sense; Explanations will vary. =—h
. . 12
Sample explanation: The area of a rectangle is not
solely determined by its perimeter. For example: A 95+ 4
4 by 6 rectangle and a 3 by 7 rectangle both have 67. Xl x+e_ 1
perimeters of 20 units, yet their areas are different 9 6
from each other. 18 2x9+l_x+4 —(1)18
62. makes sense 2(2x+1)=3(x+4)=18
63. Distance and time rowed: 4x+2-3x-12=18
2 _A~2, .2 x—10=18
d°“=2"+x x=28
d =\4+x? The solution set is {28}.
rt=d
2t =\4+x* 68. 2% +x=6
442 232 +x-6=0
t= 5 2x-3)(x+2)=0
Distance and time walked: 2x-3=0 —or x+2=0
d:6—x x:3/2 x=-2
t=d
gt —6—x The solution set is {é,—2} .
6—x 2
1=
5
Total time:
2 —
T(x) = V4+x +6 X
2 5
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69.

70.

71.

72.

N3x+7+1=x
N3x+7 =x-1
3x+7=x>—2x+1
X2 —5x-6=0
(x+1)(x—6)=0
x+1=0 x-6=0
x=-1 x=06

N=3+T7+1=-1 V18+7+1=6
JA+1=-1 J25+1=6
3=-1 False 6=6

The solution set is {6}.

(7-3x)(—2—5x) =—14—35x+ 6x +15x°
=—14-29x +15x7

or
=15x* —29x—14
VI8 —8=+92-4-2
=3v2-22

_

T+4v2 24572 14+35V2+8V2 +40

2252 245v2  4+10v2-1042-50

544432

46
544432

B 46

Chapter 1 Review Exercises

y

3,4)
-
=(2,2)
(-1, -4) 51 x
sl fo
y=2x-2
x=-3,y=-8
x=-2,y=-6
X:—l,y:
x=0,y=-2
x=1,y=0
x=2,y=2
x=3,y=4

x=-3,y=6
x=-2,y=1
x=-l,y=-2
x=0,y=-3
x=1,y=-2
x=2,y=1
x=3,y=6

=13, 3)

\
/(2,2)
=1, 1)

(_ 19 - 1}‘
(_25 _'2')’/

|
0,0) 7
-
TT 1T
TTTT

Vi
(=3,-3) y=x

x=-3,y=-3
x=-2,y=-2
x=-1,y=-1
x=0,y=0
x=1,y=1
x=2,y=2
x=3,y=3

HH R R KRR
TR TITI ITRTI
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5. A portion of Cartesian coordinate plane with 14.

minimum x-value equal to —20, maximum
x-value equal to 40, x-scale equal to 10 and with
minimum y-value equal to —5, maximum y-value
equal to 5, and y-scale equal to 1.

NORMAL FLOAT AUTO REAL RADIAN MP n
15.

-20 l 4 16.
-5
17.
6. x-intercept: —2; The graph intersects the x-axis at
(-2, 0).
y-intercept: 2; The graph intersects the y-axis at 18.
(0, 2).

7.  x-intercepts: 2, —2; The graph intersects the
x-axis at (-2, 0) and (2, 0).

y-intercept: —4; The graph intercepts the y-axis at 19.
(0, —4).

8. x-intercept: 5; The graph intersects the x-axis at
(5, 0).
y-intercept: None; The graph does not intersect the - 20.
axis.

9. The coordinates are (20, 8). This means that 8% of
college students anticipated a starting salary of $20
thousand.

10. The starting salary that was anticipated by the 21.

greatest percentage of college students was $30
thousand. 22% of students anticipated this salary.

11. The starting salary that was anticipated by the least
percentage of college students was $70 thousand. 2%
of students anticipated this salary.

12. Starting salaries of $25 thousand and $30 thousand
were anticipated by more than 20% of college
students

22,

13. 14% of students anticipated a starting salary of $40
thousand.

244

p=-0.01s>+0.85+3.7

p =—0.01(40) +0.8(40) +3.7

p=19.7

This is greater than the estimate of the previous
question.

function
domain: {2, 3, 5}
range: {7}

function
domain: {1, 2, 13}
range: {10, 500, m}

not a function
domain: {12, 14}
range: {13, 15, 19}

2x+y =8
y=-2x+8

Since only one value of y can be obtained for each
value of x, y is a function of x.

3xt+y=14

y=-3x>+14
Since only one value of y can be obtained for each
value of x, y is a function of x.

2x+ y2 =6
y2 =-2x+6
y= +/-2x+6
Since more than one value of y can be obtained from
some values of x, y is not a function of x.

fix)=5-"Tx
a. fld)=5-7(4)=-23

b. f(x+3)=5-7(x+3)
=5-7x-21
=-T7x-16

c. flx)=5-T7(=x)=5+"7x
g(x)= 3% —5x+2
a.  g(0)=3(0)>=5(0)+2=2

b.  g(=2)=3(=2)> =5(-2)+2
=12+10+2
=24
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23.

24.

25.

26.

27.

28.

29.

30.

31.

. gx-1)=3(x-1)%-5x-1)+2
=3(x* —2x+1)=5x+5+2
=3x2-11x+10

d.  g(—x)=3(-x)> =5(-x)+2
=3x% +5x+2

a. g(13)=13-4=9=3
b. g0)=4-0=4

c. g(3)=4-(-3)=7

(21 3
a. f(-2)= B 1
b. f1)=12
221 3
¢ f@=T =773

The vertical line test shows that this is not the graph
of a function.

The vertical line test shows that this is the graph of a
function.

The vertical line test shows that this is the graph of a
function.

The vertical line test shows that this is not the graph
of a function.

The vertical line test shows that this is not the graph
of a function.

The vertical line test shows that this is the graph of a
function.

a. domain: [-3,5)
b. range: [-5, 0]
¢. x-intercept: —3
d. y-intercept: -2

e. increasing: (-2,0) or (3,5)
decreasing: (—3,—2) or (0, 3)

f. A-2)=-3andf(3)=-5

32.

33.

34.

3s.

36.

Chapter 1 Review Exercises

a. domain: (—oo, o)
b. range: (—eo,3]

¢.  x-intercepts: —2 and 3
d. y-intercept: 3

e. increasing: (—oo, 0)

decreasing: (0, o)

f. A-2)=0andf(6)=-3
a. domain: (—oo, o)

b. range: [-2, 2]

¢. x-intercept: 0

d. y-intercept: 0

e. increasing: (-2, 2)

constant: (—eo,—2) or (2, )

f. Af-9)=-2andf(14)=2

a. 0, relative maximum —2

b. -2, 3, relative minimum —3, -5
a. 0, relative maximum 3

b. none

Test for symmetry with respect to the y-axis.

y=x2+8
y=(—x)2+8
y=x2+8

The resulting equation is equivalent to the original.
Thus, the graph is symmetric with respect to the y-
axis.

Test for symmetry with respect to the x-axis.

y=x2+8
—y=x2+8
y=—x2—8

The resulting equation is not equivalent to the
original. Thus, the graph is not symmetric with
respect to the x-axis.
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37.

38.

246

Test for symmetry with respect to the origin.

y=x2+8
—y=(—x)2+8
—y=x2+8

y=—x2—2

The resulting equation is not equivalent to the
original. Thus, the graph is not symmetric with
respect to the origin.

Test for symmetry with respect to the y-axis.

x2+y2 =17
(—x)2+y2 =17
x2+y2 =17

The resulting equation is equivalent to the original.

Thus, the graph is symmetric with respect to the y-
axis.

Test for symmetry with respect to the x-axis.

x? +y2 =17
x? +(—y)2 =17
X2 +y2 =17

The resulting equation is equivalent to the original.

Thus, the graph is symmetric with respect to the x-
axis.

Test for symmetry with respect to the origin.

x2+y2 =17

2 2
(=x)"+(-y)" =17
xz+y2 =17

The resulting equation is equivalent to the original.

Thus, the graph is symmetric with respect to the
origin.

Test for symmetry with respect to the y-axis.

x3_y2=5
(=) =y =5

3 2 _
X" =y~ =5

The resulting equation is not equivalent to the
original. Thus, the graph is not symmetric with
respect to the y-axis.

Test for symmetry with respect to the x-axis.

LR
(=)t =5
Py s

The resulting equation is equivalent to the original.

Thus, the graph is symmetric with respect to the x-
axis.

39.

40.

41.

42.

43.

44.

45.

Test for symmetry with respect to the origin.

32
— =5
377 _
(=x)"=(=¥)" =5
Py =s

The resulting equation is not equivalent to the
original. Thus, the graph is not symmetric with
respect to the origin.

The graph is symmetric with respect to the origin.
The function is odd.

The graph is not symmetric with respect to the y-axis
or the origin. The function is neither even nor odd.

The graph is symmetric with respect to the y-axis.
The function is even.

f(x)= x> —5x
S (=x) = (=x)* = 5(-x)
=—x> +5x
=—f(x)

The function is odd. The function is symmetric with
respect to the origin.

f(x)= x-2x? +1
[ = (0" =2(=x)7 +1
=x*-2x% +1
= f(x)
The function is even. The function is symmetric with
respect to the y-axis.

f(x)=2xv1-x°
[0 =2(=0y1= (=)
=-2x\1-x?
==f(x)
The function is odd. The function is symmetric with
respect to the origin.

A (49
[TT]
N

(-1, -3)
T 4, -3)
Sifxr=-1
SO =1 _3ifx> -1

b. range: {-3, 5}
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46.

47.

48.

49.

0, 0)—
5 x
(=2,-4) “, -4
e 1\
2xifx <0
SO = —xitx =0

b. range: {y|y < 0}

8(x+h)—11—(8x—11)

h
_ 8x+8h—11-8x+11

—2(x+h)2+(x+h)+10—(—2x2+x+10)

h

—2(x2+2xh+h2)+x+h+10+2x2—x—10
B h

_2x% —dxh—2h* + x+h+10+2x> —x-10
h

—4xh—2h* +h

h
h(=4x=2h+1)

h
—4x—-2h+1

a.  Yes, the eagle’s height is a function of time

since the graph passes the vertical line test.

b. Decreasing: (3, 12)

The eagle descended.

c¢.  Constant: (0, 3) or (12, 17)

The eagle’s height held steady during the first 3
seconds and the eagle was on the ground for 5
seconds.

d. Increasing: (17, 30)

The eagle was ascending.

50.

51.

52.

53.

54.

5S.

56.

57.

58.

Chapter 1 Review Exercises

y
N (5, 12.50)
k| }; (4, 11.00)
3 —
< 9 (3,9.50)
z 6 (2, 8.00)
S 3 = (1, 6.50)
0 012345 X
Weight (pounds)
m =£=—1———; falls
5-3
= —4-(=2) =—=1; rises
-3-(-1) =2
1_1 0
m=—4*%_ -~ —0; horizontal
6-(-3) 9
m= 10-5 = 2 undefined; vertical
-2-(=2) 0

point-slope form: y — 2 =—-6(x + 3)
slope-intercept form: y = —6x — 16

2-6 4
m = —-———

-1-1 =2
point-slope form: y — 6 =2(x — 1)
ory—2=2(x+1)
slope-intercept form: y = 2x + 4

3x+y-9=0
y=-3x+9
m=-3
point-slope form:
y+7=-3(x-4)
slope-intercept form:
y=-3x+12-7
y=-3x+5

. 1
perpendicular to y = 3 x+4

m=-3

point-slope form:
y—6=-3(x+3)
slope-intercept form:
y=-3x-9+6
y=-3x-3
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59.

60.

61.

62.

248

Write 6x—y—4 =0 in slope intercept form.

6x—y—-4=0
—-y=-6x+4
y=6x—-4

The slope of the perpendicular line is 6, thus the

slope of the desired line ism = —%.

Y=y =m(x—x)
y=(D)=-%(x=(-12))
yHl=—1(x+12)
y+1=—%x—2
6y+6=—x—-12
x+6y+18=0

2.
slope: g; y-intercept: —1

y
|
o) |!

S, 1

P

-

5 x
(0’_1):
| -
NN
RN

y=%x—1

slope: —4; y-intercept: 5

y
540,51
\YE]
\ T
1, 1)
\H5H >
\
A
f)=—-4x+5
2x+3y+6=0
3y=-2x—-6
2
=——x-2
Y773

2.
slope: —g; y-intercept: —2

63. 2y-8=0
2y =8
y=4

slope: 0; y-intercept: 4

y

i
—
O, H

2y—8=0

64. 2x-5y-10=0
Find x-intercept:
2x—-5(0)-10=0

2x-10=0
2x =10
x=5
Find y-intercept:
2(0)-5y-10=0
-5y-10=0
-5y =10
y=-2

66. a. First, find the slope using the points
(2,28.2) and (4,28.6).
28.6—282 04
m=—m—o—————=—
4-2 2
Then use the slope and one of the points to write
the equation in point-slope form.
y=y =m(x—x)
y—282=02(x-2)
or
y—28.6=02(x—4)

0.2
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b.  Solve for y to obtain slope-intercept form.

-282=0. 2(x g2 72. y
y s o
+ ¥ 3
(= §2x+2; § 0,2) (70)
© )03 (3, !
P = 020125278 2’
The linear function predicts men’s average age y=gw
of first marriage will be 30.2 years in 2020. 73 y
27-21 6 :
67. a.  m=— e 30 2 ¥ = g@H(=6,01(6,0)
5/ x
b.  For the period shown, the number of the (0, =3)
percentage of liberal college freshman increased
each year by approximately 0.2. The rate of
change was 0.2% per year. 74. y
I
ST
- 9% —4(9)]-[4%-4-5 !
68. f(x2) f(xl) — [ ( ;] ] 10 ] (D,\]|)__
X2 =X 2 315 x
( 3, 1 (Isi I_Il)
69. a. S(0)=—-16(0) +64(0)+80 =80 man
S(2) = —16(2)2 +64(2) +80 = 144 Y=g
144-80 =32 75. 0,2)(1,3)
2-0 |||fy/ﬁ
:
b. S(4)=-16(4)" +64(4)+80=2380 '_'1','1, (1, 1)~
11 g
_ 110, 0) R
80—144 _ 1
4-2
c. The ball is traveling up until 2 seconds, then it
starts to come down. 76. (0, 4)
(=2,4) y h/f
i T
—4,4) 1 2,4
70. y=gx)y - ANV /‘I )
| T | ]
l ST :
(-5,3) (1 3)- (=2, )0, )5 x
(_29 1}:/ r
X
717. ya f
mu T
(_2" 4) E (25 4)
= AN
o r=ewy (=1, N0, 0)~
] x
TN
(=2,0) “0 (=3,-4) (1,-4
T mm T
1€ -1
11111
EEE
[T
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2,2)

4,4)
0, 0)

1, 1)

/

S

|

¥ (0, -1

\J

\

I

h\Y

A

(=2, 0)=(0, 0)(-5 x

(=1,0)

(—4,4)
(_49 1):

(-1, -1)
(=21

84.
85.
86.

2)

3 x

b

(-3,-2)

3,3
L, 1)
“

t

\

(0,015

\fy

—

(_19 _1)

Y

b

1
2

1]

7
\

NN
LITTTT
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(_35 ﬂ)

‘_]9 2;

Chapter 1 Functions and Graphs

78.
79.
80.
81.

—_—
] v
|
3 S
o~~~ T
- |
- — =
i = |
= U
- 'S |
_ — S~—
Ny
)
|
-’
. .
~ R
-} >}
8~
~L 1]
I U
- T
= ] I
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n j Z
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L L
.
o
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- =)
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=
=0
(o]
7 el LLLI
HesH-Hew
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.
)
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90.

91.

92.

93.

94.

9s.

96.

97.

ys 1 %8.
HHHHHA, 2)EE -
o, 06=—=/a,1)
(_1s _1) - 5 x
\
(_13 _2)

domain: (—oo, o)

The denominator is zero when x = 7. The domain is

(=0, 7)U(7,00).

The expressions under each radical must not be
negative.

8—2x>0

—2x >-8

x<4

domain: (—oo, 4].

99.

The denominator is zero when x = -7 or
x=3.
domain: (—ee,~7)U(-7,3)U(3,e°)

The expressions under each radical must not be
negative. The denominator is zero when x = 5.
x—22>0

x=2
domain: [2,5)U(5,e°)

100.

The expressions under each radical must not be
negative.

x—120 and x+520
x2>1 x=>-5

domain: [1,0)

Sx)=3x-1;g(x)=x-5
(f+e)x)=4x—6

domain: (—oe, o)
(f-2))=CBx—1)—(x—5)=2x+4
domain: (oo, )

(f2)(x) = Bx—1)(x=5)=3x> —16x+5

domain: (—oo,o0)

(lj(x):%c—l
g X =

5
domain: (—eo,5)U(5,)

Copyright © 2018 Pearson Education, Inc.

101.

Chapter 1 Review Exercises

f(x)= X2 +x+1g(x)= X2 -1
(f+g)(x)=2x>+x

domain: (—oo, o0)

(f—g)x) =2 +x+])—(x* —1)=x+2
domain: (—oo,o0)

(fo)(x) = (x* +x+1)(x* -1)
=X +x3 —x—1

2
(l](x) - %XH
g x" -1

domain: (—eo,—1)U(=1,1)U(1,)

f()=~vx+T7;g(x)=x-2
(f+2)x) =x+7+Jx-2
domain: [2, )
(f—2)x) =vx+7—/x—2
domain: [2, )
(fe)(x)=~x+7-\x-2
=Vx?+5x-14
domain: [2, )
[1](95)2 Nx+7
g x-=2
domain: (2, )

f(x)=x2+3;g(x)=4x—l

a.  (fog)x)=@x—1)2+3
=163 —8x+4

b.  (gof)(x)=4(x>+3)-1
=4x% +11

. (fo2)3)=16(3)>-83)+4=124
) =+x; gx)=x+1

a.  (fog)x)=+x+I
b (gof)x)=vx+1

e (fog)B3)=\3+1=+4=2
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Chapter 1 Functions and Graphs

b. x=#0 1-2x#0

103. a. (feg)(x)=f(x+3)=~/x+3-1=+/x+2

b. x+220

x>-2 [_2’ oo)

104. f(x)=x" g(x)=x>+2x-1

105. f(x)=3x gx)=Tx+4

301 5
106. =Zx+—;g(x)=2x-2
S (x) PR g(x) 3%

5 2
=x+§—2

6

7

=Xx——

6

st =3 Fre ]2

fand g are not inverses of each other.

2—x
5

107. f(x)=2-5x;g(x)=

f(g(x>)=2—s[2;xj

=2-(2-x)

=X

_2-(2-5%) _5x _
g(f(X))——5 5 =%

fand g are inverses of each other.

S(x)=4x-3
y=4x-3
x=4y-3

_x+3
4
x+3
4

=

f(f‘l(x))=4[x13j—3

=x+3-3
=X

. _(4x-3)+3 _4x _
S (f(x))——4 i
F(x)=8x +1

y=8x3+1
x=8y3+l
3
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110. a. =21
+2
_x=17
Y x+2
_y-7
y+2
xy+2x=y-7
xy—y==-2x-17
y(x-1)=-2x-7
_ 2x-17
5viq
Sl =""
1 —2x —1 7 _7
_  x—
()
+2
x—1
B -2x-7-7(x-1)
S 2x-7+2(x-1)
_—9x
-9
=x
—2(’“‘9— 7
—1 _ X+
()=
x+2
B —2x+14-7(x+2)
o x=T7—(x+2)
_ —9x
-9
=x
111. The inverse function exists.
112. The inverse function does not exist since it does not
pass the horizontal line test.
113. The inverse function exists.
114. The inverse function does not exist since it does not
pass the horizontal line test.
115. y
5{T1T]
(45 2) — -1
. (0’ 0) f
H 5ix
(-1,-3)
RN
I

116.

118.

119.

120.

121

|
1

122.

Chapter 1 Review Exercises

) =1-x"
y=1—x2
x=1—y2
y2=1—x
y=+l-x

) =1-x

¥ 1T

—_ ) 4

;_13’2’ 0. 1)
[~ L |1/
1,0

N
(29_3)
11
N[ T1T1
/

S()=x+1
y=x/;+1
x=4y+1

Yyt
SEEREX
()2 29 ABCCE]
GREEZR

2 2

2 2

M7MJ _ (—_IO,QJ =(-5,5)

wﬂ_—_ﬂ—_“_(—_ﬂ_z
2 72 272 2’

24yt =3
x2+y2=9
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Chapter 1 Functions and Graphs

123. (x—(-2))* +(y—4)* =6? 128. a.  f(x)=15+0.05x
(x+2)> +(y—4)* =36
b.  g(x)=5+0.07x
124. center: (0, 0); radius: 1 c 154 0.05x = 540.07x
- 10 =0.02x
T f..]i 500 =x
] (0’,1’ - For 500 minutes, the two plans cost the same.
\1’ )
10 ;)
Esss: il 129. &, N(x) =400 -2(x—120)
WE =400—-2x+240
- = 640—2x
2 +yr=1
domain: [-1,1] b. R(x) =2 x(640—2x)
range: [_1’1] =-2x" +640x
125. center: (2, 3); radius: 3 130. a. we16-2x [=24—2x
S y V(x)=(016-2x)(24-2x)x
_(_Za 6}
HHAT AN b. 0<x<8
(-5,3) 1,3)
H 131. 2/+3w=400
_I([_lz’l 0]1 X 2/ =400-3w
C+22+(y—-3?%=9 [:@
domain: [-5,1] Let x = width
range: [0,6] A() = 400—3w
126. x?+)° —4x+2y—-4=0 _ x(400-3w)
XX —4x +y°+2y =4 2
X2 —4x+4+11 +2y+1=4+4+1
(=2 +(y+* =9 132.  V=lwh
center: (2, —1); radius: 3 8=x-x-h
y 8
SHRn 2k
2,2) X
> A(x) =2x-x+4hx
(-1, -1 X ) ]
‘(59_1) =2x"+4 —2 X
(25 _4) X
Py —dr+2y—4=0 _9 2,32
x

domain: [-1,5]
range: [—4,2]

127. a. W(x)=567+15x

b.  882=567+15x
315=15x
21=x
21 years after 2000, or 2021, the average weekly

sales will be $882.

2.

C.

254

a.

b.

Chapter 1 Test

1. (b), (c), and (d) are not functions.

fd)-A-3)=3-(-)=5
domain: (-5, 6]

range: [4, 5]

Copyright © 2018 Pearson Education, Inc.



increasing: (-1, 2) 4. x+y=44y
[T &
__(03 4)
decreasing: (—5,—1) or (2,6)
4, )P x
2,f(2)=5
-1,-4)
domain: (—eo,c0)
x-intercepts: —4, 1, and 5. range: (_oo’oo)
-intercept: —3
4 P 5. X+ y =44y
£ T
|
22 (0,2)]
(=2, 0N
-1,1 II\ /2, 0)| x
-0, —-2)
0 FH
even, f(=x)= f(x) domain: [-2,2]
range: [-2,2]
no; f fails the horizontal line test
6. fw=4y
£(0) is a relative minimum. > = |4)
y=8x) y e

(=3, -D—= ~ 1 15x domain: (—ee,c0)
(=2,-2) T (@ -1 range: {4
!\\ . —2) ge: {4}
(-1,-3) 7 y
1
o4 1
+h=4 = I
y y oG D
X
4,0
(—4,0)— x
) 1 f ™ 1 fx)=—=x+2
bl 2 II 0) 2
o1 domain: (—ee,c)
range: (—eo,o0)
y=rx)y
0,3) =173 1,2)
(~L2) A :
S = 2,1 . —2,4) 15
(~2,1); 2 .
x =5,1) 4,1
X
-2,-2)
( HH
SO)=fl)_ —-1-0 _ 1 *+22+(y—-172=9

Xy — X 1-(-2) 3

Copyright © 2018 Pearson Education, Inc.
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Chapter 1 Functions and Graphs

domain: [-5,1]

range: [-2,4]

13.
9. y
T 1T
=
(=4,2) (0, 2) -
nt
(0, —1) X
(45 _1)
|
|
2ifx=0
=1 _1itx>0

domain: (—eo,c0)

range: {-1,2}
10.
(=2,7) y - 14.
HAA N
\‘ '/
=2, =D
.

P+y +dr—6y-3=0

domain: [-6,2]

range: [-1,7]
11. 0,0) ¥ 2,2 f
i /
(=2.2 g 15.
< :
(-3, -1 AP
(I—Ilr, -2) _|(]|’| |1|)
et r T TTrT
|EEEEEEEEEEE

domain of f (—eo,e0)
range of /i [0,0)
domain of g: (—oo, o)

range of g: [-2,0)

12. 1,4
A\

[l
(-2a¥HAC 9 16.

AN\ \
\

0,0 8

domain of fi (—oo,e0)
range of f© [0,0)

domain of g: (—oo,0)

range of g: (—o,4]

domain of fi (—oo,e0)
range of f (—oo,00)
domain of f7': (—o0,00)

range of f7!: (—o0,00)

»nw r
117
ERE
O DIH/ -
(=1, 0)
(=2,-1 5 x
CTafd
[T, —1)
LTIy 11119

domain of f (—oo,e0)
range of f (—oo,00)
domain of f7!: (—e0,00)

range of f7!: (—o0,00)

y
512, 3)
Ilf_l
(=L 04773, 2)
1111
(0, —1) Al
T TTT1
TT 117
T TTT1

domain of £ [0,0)
range of i [—1,00)
domain of /1 [~1,00)
range of f7': [0,00)

f(x)=x*-x—4
flx=)=(x-1)>-(x-1)-4

=x? 2x+1-x+1-4

=x?-3x-2
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17.

18.

19.

20.

21.

22.

23.

Sx+h) - f(x)

h
(x+h)2—(x+h)—4—(x2—x—4)
- h
XA 2xh+h —x—h—4—x*+x+4
h
_2xh+h®—h
h
h(2x+h-1)
B h
=2x+h-1

(g—f)(X)=2x—6—(x2 —x_4)

=2x—6-x>+x+4
=—x?+3x-2

1 _xz—x—4
[g](x)_ 2x-6

domain: (—ee,3)U(3,)

(fee)x)=f(g(x))

=(2x-6)> —(2x—6)—4
=4x? —24x+36—2x+6—4
=4x% —26x+38

(e N =g(f (%))
:2(x2—x—4)—6

=2x%-2x-8-6
=2x* —2x—14

g(f(=D)=2((-1? = (-1)-4)-6
=2(1+1-4)-6
~2(-2)-6

=-10

f(x)=x*-x—4
(=)= (=x)* = (~x)— 4

=x’+x-4
f is neither even nor odd.

Chapter 1 Test

24. Test for symmetry with respect to the y-axis.

25.

26.

27.

24+ =7
(—x)2+y3=7
x2+y3=7

The resulting equation is equivalent to the original.
Thus, the graph is symmetric with respect to the y-
axis.

Test for symmetry with respect to the x-axis.

x2+y3=7
x2+(—y)3=7
x2—y3=7

The resulting equation is not equivalent to the
original. Thus, the graph is not symmetric with
respect to the x-axis.

Test for symmetry with respect to the origin.

x2+y3=7

2 3
(=x)"+(-») =7
Poyd=7

The resulting equation is not equivalent to the
original. Thus, the graph is not symmetric with
respect to the origin.

I P
-1-2 3
point-slope form: y — 1 =3(x - 2)
ory+8=3(x+1)
slope-intercept form: y = 3x -5

1
=——x+5som=4
4 4

point-slope form: y — 6 = 4(x + 4)
slope-intercept form: y = 4x + 22

Write 4x+2y—-5=0 in slope intercept form.

4x+2y-5=0
2y =—4x+5
= 2x+2
y= 2x+2

The slope of the parallel line is —2, thus the slope of
the desired line is m =-2.

Y=y =m(x-x)
y=(10)=2(x(=7))
y+10=-2(x+7)
y+10=-2x-14
2x+y+24=0

Copyright © 2018 Pearson Education, Inc. 257



Chapter 1 Functions and Graphs

28.

29.

30.

31.

32.

33.

34.

258

_258-246 12,

a. Find slope: m
20-10 10

point-slope form:

Y=Nn =m(x—x1)
y—24.6=0.12(x-10)

b. slope-intercept form:
y—24.6=0.12(x-10)
y—24.6=0.12x-1.2

y=0.12x+234
f(x)=0.12x+23.4

¢. f(x)=0.12x+23.4
=0.12(40)+23.4
=282

According to the model, 28.2% of U.S.

households will be one-person households in

2020.

3(10)% —5-[3(6)% - 5]

106
~205-103

gD =3-(1)=4

g =71-3=4=2

The denominator is zero when x = 1 or
x=-5.
domain: (—ee,—5)U(-5,1)U(1,0)

The expressions under each radical must not be
negative.

x+520 and x-120
x=-5 x>1

domain: [1,0)

Tx
2—4x

7
(f o g)x)=5—=
=—4
X
x#0, 2-4x=#0
x# s
2

(oo Dyl
domain: ( ,O)U[O,ZJU(Z, j

g(x)=2x+3

3s.

36.

37.

38.

39.

d =\/(x2 )+ —1)?

d= \/(xz —x1)2 +(y2 —y1)2
=\/(5—2)2 +(2-(-2))
=v3% +47

=+/9+16
V25
5

(X1+X2 y1+y2]:(2+5 —2+2j

2 2 27 2

{2

The length is 5 and the midpoint is

GOJ or (3.5,0).

a. T(x)=41.78-0.19x

b. 35.7=41.78-0.19x
-6.08 =-0.19x
32=x

32 years after 1980, in 2012, the winning time

will be 35.7 seconds.

a.  Y(x)=50—1.5(x—30)
=50—1.5x+45
=95—1.5x

b. T(x)=x(95-1.5x)
= —1.5x2 +95x

21+ 2w =600
2/ =600-2w
[=300—w
Letx=w

A(x) = x(300 - x)
= —x2 +300x

V =Ilwh
8000=x-x-h
SOOO_h

2
X

A(x) = 2x% + 4;{8000)

32 O(;CO2
—ox2 422700
X
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Chapter 2

Polynomial and Rational Functions

Section 2.1
Check Point Exercises

1. a. (5-2))+(3+30)
=5-2i+3+3i
=(5+3)+(-2+3)i
=8+i

b. (2+6i)—-(12-i)
=246i—12+1i
=2-12)+(6+1)i
=—10+7i

2. a. 7i(2-9)=7i(2)-7i(9%
= 14i — 63>
=14i - 63(-1)
=63+14i

=30—35i+24i — 28i>
=30 —35i +24i —28(~1)
=30+28—35i+24i

b, (5+4i)6-7Ti)

=58—11i
3 5+4i _ 5+4i 4+i
T 4—i 4—i 4+i
20+ 5i+16i +4i
16+4i —4i —i°
_20+21i—4
16+1
16421
17
16 21
=—+ =i
17 17
4. a.  ~N27+/-48=i27+i /48
=iJ9-3+i/16-3
=3i\3+4i\3
=7i\3

b, (2+/-3)? = (<2+i/3)?
= (-2)7 +2(-2)(i3) +(in/3)
=4-4i\3+3i°
=4—4i\3+3(-1)
=1-4i\3

—14+/-12 _ -14+i12

2

2
144203

2
_l4 203

2 2
=—7+i3

5. x2-2x+2=0
a=1,b=-2,c=2

o= ~b+b? —4ac
2a
D)’ 40

21
V4-8

_2++J4-

244
2

242i

X =
X =

xX=
x=1%i
The solution set is {l+i,1—i}.

Concept and Vocabulary Check 2.1
1. V-1 -1

2. complex; imaginary; real

3. —6i

4. 14i

5. 18: —15i; 12i; —10i*; 10

6. 2+9i

7. 2+5i

8. @i 205

0. 14,9
2

Copyright © 2018 Pearson Education, Inc. 259



Chapter 2 Polynomial and Rational Functions

Exercise Set 2.1 14.
1. (T+2)+(1-4)=T7+2i+1-4i
=T7+1+2i-4i
=8-2i 15.
2. (2+6i)+(4—10)
=2+6i+4-i
=2+4+6i—i
=2+ 16.
3. B+2)-(5-7))=3-5+2i+7i
=3+42i-5+7i 17.
=-2+9i
4. (T+5)-(9-11))=—T+5i+9+11i
=T7+9+5i+11i
=2+ 16i 18.
5. 6—(-5+4)—(—13-i)=6+5-4i+13+i
=24-3
6. T—(-9+42i)—(=17=i)=T+9-2i+17+i 19.
=33-;
7. 8i—(14—9))=8i—14+9i
= 14+8i+9i
=_14+17i 20.
8. 15i—(12-11)=15i—12+11i
=-12+15i+ 11
=_12+26i
21.
9. -3i(7i—-5) =21 +15i
=21(-1)+15i
=21+15i
10. —8i (2i—7)=—16i*> +56i =—-16(-1) + 56i
=9-25> =9+25=34=16+ 56i
11.  (=5+4)(3+i)=—15-5i +12i + 4i>
=-15+7i-4
=—19+7i
22.
12. (-4-8)(3+i)=—-12—4i-24i -8
=-12-28i+8
=—4-28i
13. (7-5i)(-2-3i) =-14-21i +10i +15;*
=—14-15-11i
=-29-11i
260

(8 — 4i)(=3 + 9i) = =24 + 72i +12i — 36i*
=-24+36+ 84i
=12+ 84i

(3+50)(3-5i)=9—15i +15i — 25i°
=9+25
=34

(2+7i)(2-7i)=4-49" =4+49 =53

(=5+i)(=5—1i)=25+5i—5i— i’
=25+1
=26

(<T+i)(=T-i)=49+7i-7i—i*
=49+1
=50

(2+3i) =4+12i+97°
=4+12i-9
= —5+12i

(5-2i) = 25-20i + 47>
=25-20i-4
=21-20i

22 3+
3—i 3—i 3+i
_2(3+10)
941
_2(3+i)
T
3+i
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Section 2.1 Complex Numbers

23 i_i_l—i_Zi—2i2_2+2i_l+i 31 5V-16+3-81 = 5(4i) +3(9i)
Co14i 14i 1-i 141 2 =20i+27i=47i
yq S _ S 2+i 32. 5J-8+3/-18
2—i 2-i 2+i = 5i/8 +3i\/18 = 5ix/4-2 +3i7/9 -2
. 2
_10i+57 =10iN2 + 932
4+1 .
54100 =19i\2
5 2 A2
— 142 33, (-24+-4) =(-2+2)
. . . =4 8i +4i*
25, 8i _ 8i 443 —4_8i_4
4-3i 4-30 4+3i - g
32i+244°
- s a 2
16+9 34 (-5--9) =(-5-i9)” =(-5-3i)
—24+32i
=T s =25+30i +9i°
=25+30i—9
__24 32, = 16 +30i
25 25
2 2
26, 6 _ =6 3-2i 18412 3. (3-457) =(3-17)
©O342i 342 3-2i  9+4 =9+6i\7 +i%(7)
2w 12 i, S9-7+6147
13 13 13 - l
=2+6i\7
2430 2430 2-i
27. = = : 2 2
240 240 2-i 36, (-2+4-11) =(=2+i11)
4+4i-3i _ 2
= =4—4i11+% (1)
_T+4i =4-11-4i11
5 = 7411
—Z_}_il’
5°5 37 ~8+4-32  -8+i/32
3-4i 3-4i 4-3i ' 4 >
— 4l — 4l —Jl
28. = . —8+i16-2
443 4+30 4-3i _ Z8+iV16-2
12 - 25i +12i* 24
=== ~8+4i2
16+9 =8+2—4’f
_25i A
25 =—l+—21
=i 3 6
29. 264 — /25 = iJ6d — i35 38, —124+/28 _ —12+i28 _ —12+iv/4-7
=8i—5i=3i 32 32 32
_-12427 3 V7.
30. -81—+/-144 =i/81 —i\/144 =9i—12i 32 8 16
=-3i
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30, 6712 _—6-i12 45. x> —6x+10=0
48 48 _ 6+ (=6) — 4(1)(10)
_6-iV4:3 T 2(1)
48 6++/36-40
_—6-2i\3 r=—
48 6+~/-4
= _l_ﬁi *e 2
8 24 L 62
. . 2
40, —15—33\/—18 _ —15;31\@ _ —15—313\/9.2 o3t
The solution setis 13+i,3—i;.
_C15-32 s 2 { }
33 1 46. x> —2x+17=0
4. B(NF-5)= B3 -5) o= 25N —4007)
= 2(1)
=202(W3 - 5) 2T
=26 - 210 YT
2++/-64
2. NF12(V=4-2) =124 -2) S
=213 (2i-2) oo 28
2
= 423 - 2i\/6 x=1t4i
= 43 -2i/6 The solution set is {1+ 4i,1—4i}.
43. (3\/3)(_4‘/_12) - (31\/3)(—81\/5) 47. 4x* +8x+13=0
= 24215 L8 V& —4(4)(13)
2(4)
=24/15
_ —8++/64-208
a4, (34-7)(2-8) 8
—8+ /144
= Bi7)(2in/8) = BiN7)(2i/4-2) =
= (3iV7)(4iv2) = 127 V14 = —12414 8412
8
42430
8
243
2
=-1+—i

The solution set is {—1 +%i,— 1- %z}
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48. 2x>+2x+3=0

@) -42)0)

50. 3x*—-4x+6=0

Section 2.1 Complex Numbers

_HEJA - 40)6)

2(2) 2(3)

2x\a-24 _4x\16-72

T4 T 6

244220 _4£4-56

== =

—242i\5 _4£2i14

=== =T

G EING _202+i14)

VI T 6

C—1ti5 24014

2 3

=—li£i :ziﬂi

272 373
The solution set is {—l+£i,—l—£z}. The solution set is {E-kﬁi, %—ﬂz}.

2 272 2 3373 3
49. 3x° -8x+7=0 51, (2-3i)(1-4i)-(3-i)(3+1i)

_—(-8)2(=8)* ~4(3)(7) =(2-2i-3i+37) (3 -7)

20) =2-5i+3i" —9+i°
:w =—7—5i+4i2
6
=—7-5i+4(-1
_ 8220 . ’5+ (-1)
6 = - —Jl
_842i/5 52. (8+9i)(2—i)—(1-i)(1+i)
6 . . .2 2 2
2@si5) —(16—8z+181—9z )—(1 -1
6 =16+10i — 9> —1+i°
=4J—”’\B =15+10i — 8i°
3 =15+10i—8(-1)
=ii£i =23+10i
373
\2 \2
The solution set is {%+§i’§_§i}' 53. (2"") _(3_’)

:(4+4i+i2)—(9—6i+i2)
=4+4i+i*-9+6i—i°
=-5+10i
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54, (4-i) —(1+2i) 50, f(x):x2+19
= (16=8i+7) - (1+4i+47) 2_2x
=16-8i+i" —1-4i—4i 23
=15-12i -3/ 92 +19
=15-12i-3(-1) C2-3
=18-12i _-9+19
2-3i
55. 5v-16 +3-81 _ 10
= 5J16-1+3814/-1 2-3i ‘
=5-4i+3-9i =2103..§+§’.
=20 +27i 204307 i
=47i or 0+47i = 4_07
56. 58 +3J-18 :23”90"
+
= 5VA2ZV-T+ 349421 20 + 30i
=5-22i+3-32i T3
=10ix/2 + 92 _20,39,
=(10+9)iV2 B
=192 or 04192 2
60. f(x)=x +11
5 3—x
57. f(x)=x -2x+2 (41.)2_'_11 162 +11
4. = =
F+i)=(1+i) =2(1+i)+2 /() 3—4i 3-4i
=142i+i* —2-2i+2 _tl6+1l
2 3-4i
=1+i _5
=1-1 T34
=0 _ -5 3+4i
, 3-4i 3+4i
58. f(x)=x"-2x+5 —15- 20
F-2i)=(1-2i) =2(1-2i)+5 ~ 9-16i°
=1-4i+4i* =2+4i+5 _—15-200
9+16
=4+4° ~15-20i
=4-4 R
=0 _-15_20,
25 25
3 4
=————i
55
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61.

62.

63.

64. —

73.

74.

75.

76.

77.

E=IR=(4-5i)(3+7)
=12+ 28i —15i — 35i°
=12+13i-35(-1)
=12+35+13i =47 +13i

The voltage of the circuit is
(47 + 13i) volts.

E=1IR=(2-3i)(3+5i)
=6+10i—9i— 151> =6+i—15(-1)

=6+i+15=21+i
The voltage of the circuit is (21 +i ) volts.

Sum:

(5+id15 )+(5-i15 )
=5+iJ15 +5-iy15
=5+5

=10
Product:

(5+i15 )(5-iV15)

= 25— 5iV15 +5i15 - 15°

=25+15

=40

72. Answers will vary.

makes sense

does not make sense; Explanations will vary.
Sample explanation: Imaginary numbers are not

undefined.

does not make sense; Explanations will vary.

Sample explanation: i =+/—1 ; It is not a variable in
this context.

makes sense
false; Changes to make the statement true will vary.

A sample change is: All irrational numbers are
complex numbers.

78.

79.

80.

81.

82.

Section 2.1 Complex Numbers

false; Changes to make the statement true will vary.
A sample change is: (3 +7))(3—7i))=9+49 =58
which is a real number.

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

T43i_ 7430 5-3i _44-6i_22 3.
5+3 5+3 5-3 34 17 17

true

4 ~ 4
(2+i)(3-i) 6-2i+3i—i°
4
C6+i+]
4
T+
47—
T 7+i T-i
284
4942
28— 4i
49 +1
284
50
_28_4,
50 50
14 2

"5 25

I+i  1-i
+
1+2i 1-2i
(1+i)(1-2i)  (1-i)(1+2i0)
— +
(1+2i)(1-2i)  (1+2i)(1-2i)
(1+0)(1-2i)+(1—4)(1+2i)
(1+2i)(1-2i)
C1=2i+i-2i% +142i—i =207
1-4i°
1= 2i4i4+2+14+2i-i4+2
1+4

wm|aywm|
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84.

8s.

86.

87.

266

domain: [0,2)
range: [0,2]

—1al 3
f(x)=1 at 5 and >

ypL Y
EL T T T

1T 1
2,3
3. 1)
X

e

g =fx -1 +1

0=-2(x-3)"+8
2(x-3)* =8
(x-3)7 =4
x-3=%/4
x=312
x=15

88.

89.

—x>=2x+1=0
¥ +2x-1=0

- —b£~b* —4ac

2a

L (DED 4D

2(1)
2448
)

2422
2
=12

The solution set is {1+ NG ).

The graph of g is the graph of f'shifted 1 unit up and
3 units to the left.
B

I
|

T

Lt
——

Jl) =2
gx)=(@x+ 3)2 +1
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Section 2.2

Check Point Exercises

1.

Step 1: The parabola opens down because a < 0.
Step 2: find the vertex: (1, 4)
Step 3: find the x-intercepts:

0=—(x—1)"+4
(x—1)* =4
x—1=%2
x=1£2

x=3or x=-1
Step 4: find the y-intercept:
£(0)=—(0-1)*+4=3
Step 5: The axis of symmetry is x = 1.
y
I

N
REEAPL

M

/ \

T—
B
o
=

oy =-@-1D2+4

f(x)=(x=2)*+1

Step 1: The parabola opens up because a > 0.
Step 2: find the vertex: (2, 1)

Step 3: find the x-intercepts:

0=(x-2)*+1
(x—2)> =-1

x—2=+-1
x=2%i
The equation has no real roots, thus the parabola has
no x-intercepts.
Step 4: find the y-intercept:

£(0)=(0-2)*+1=5

Step 5: The axis of symmetry is x = 2.

yi
NE

\

4
[

N
/

"_(Qa

n

o =x-22%+1

Section 2.2 Quadratic Functions

f(x)= x> +4x+1
Step 1: The parabola opens down because a < 0.
Step 2: find the vertex:

b 4

T 24 2D
f(2)==2%+4(2)+1=5

The vertex is (2, 5).
Step 3: find the x-intercepts:

0=—x*+4x+1

= —b+~b? —4ac

- —4J_n/iz —4(-1)(1)
x= 2i?/25.

The x-intercepts are x =—0.2 and x=—-4.2.
Step 4: find the y-intercept: f(0)= 0% +4(0)+1=1

Step 5: The axis of symmetry is x = 2.
2,5

(0,11 (2+V5,0)

31X

\
o

(2-V'5,0)-

) =—x2+4+1

£(x) =4x% —16x+1000

a. a=4. The parabola opens upward and has a
minimum value.

x= _—b = E =2

2a 8
£(2) = 4(2)% —16(2)+1000 = 984
The minimum point is 984 at x =2.
¢. domain: (—eo,00) range: [984,c0)
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268

£(x) =-0.005x% +2x+5

a. The information needed is found at the vertex.
x-coordinate of vertex

b -2
X=—=—
2a  2(-0.005)
y-coordinate of vertex
y= —0.005(200)2 +2(200)+5 =205
The vertex is (200,205).

The maximum height of the arrow is 205 feet.
This occurs 200 feet from its release.

b. The arrow will hit the ground when the height
reaches 0.
F(x)==0.005x% +2x+5
0=-0.005x>+2x+5

L ~bENb? ~dac

=L 22 = 4(-0.005)(5)

2(—0.005)
x=-=2 or x=402

The arrow travels 402 feet before hitting the ground.

c. The starting point occurs when x = 0. Find the
corresponding y-coordinate.

f(x)= —0.005(0)2 +2(0)+5=5
Plot (0,5), (402,0), and (200,205), and
connect them with a smooth curve.

YA f(x) = —0.005x2 +2x + 5

1 [ T1
250 (200, 205) 1
200 H-AN
150
100

50 [f

1

Arrow's Height (feet)

(0,5 F{@02 0
100 300 500 x
Arrow's Horizontal Distance

(feet)

Let x = one of the numbers;

x —8 = the other number.

The productis f(x)=x(x—8)= x> —8x
The x-coordinate of the minimum is

b -8 -8

2 2(1) 2
S (4)=(4) -8(4)

=16-32=-16
The vertex is (4,—16) .

The minimum product is —16. This occurs when the
two numbers are 4 and 4—-8=—4.

Maximize the area of a rectangle constructed with
120 feet of fencing.

Let x = the length of the rectangle. Let y = the width
of the rectangle.

Since we need an equation in one variable, use the
perimeter to express y in terms of x.

2x+2y =120
2y=120-2x
_ 120-2x — 60— x
2

We need to maximize 4 =xy =x(60—x). Rewrite
A as a function of x.
A(x)=x(60-x)= —x? +60x

Since @ =—1 is negative, we know the function
opens downward and has a maximum at

2a 2(-1) -2
When the length x is 30, the width y is
y=60—x=60-30=30.
The dimensions of the rectangular region with
maximum area are 30 feet by 30 feet. This gives an
area of 30-30 =900 square feet.

Concept and Vocabulary Check 2.2

standard; parabola; (h,k); >0; <0

b L) b L
24’ f( 2a]’ 2a° f( 2aj

true
false

true
x—8; x2 —8x

40-x; —x” +40x

Exercise Set 2.2

vertex: (1, 1)
h(x)=(x-1)" +1

vertex: (-1, 1)
g(x)=(x+1)>+1
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10.

11.

12.

13.

vertex: (1, 1)
J(x)=(x=1)" =1
vertex: (-1, —1)
f(x)=(x+1)" =1

The graph is f{x) = x* translated down one.
h(x)= x> -1

The point (-1, 0) is on the graph and
f=1)=0. f(x)=x%+2x+1

The point (1, 0) is on the graph and
g(1)=0. g(x) =x?—2x+1

The graph is f{x) = —x* translated down one.

J(x) =—x?-1

fi)=2(x-3)"+1
h=3k=1
The vertex is at (3, 1).

fi)=-3(x—-2y"+12
h=2,k=12
The vertex is at (2, 12).

fi)=-2@x+1)*+5
h=-1,k=5
The vertex is at (-1, 5).

fl)=-2(x+4)7>-8
h=-4k=-8
The vertex is at (—4, —8).

flr)=2x"—8x+3

b 8
X=—=—=

2a 4
f2)=2(2)2-8(2) +3
=8-16+3=-5

The vertex is at (2, -5).

14.

15.

16.

17.

Section 2.2 Quadratic Functions

fi)=3x"—12x+1

_h_12_
2a 6

f2)=32)2-12(2) + 1

=12-24+1=-11

The vertex is at (2, —11).

X 2

flr)=—x—2x+8

-b 2
XxX=—=—=—
2a -2
A1) =1y —2(-1) +8
=-1+2+8=9

The vertex is at (-1, 9).

fix)=—2x"+8x—1

cob_8_,
2a -4
f2)=-22 +8(2) -1
= 8+16-1=7

The vertex is at (2, 7).

2
f(x)=(x-4)"-1
vertex: (4, —1)
x-intercepts:

0=(x—4)* -1

1=(x—4)°

+1=x-4
x=3orx=35
y-intercept:
£(0)=(0-4)%-1=15

The axis of symmetry is x = 4.

y
(0,15)-\“ /
G0N T/, 0
@, - u

fW=x-4*-1
domain: (—oo,c0)

range: [—1,00)
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18.

19.

270

2
f(x)=(x-1)"-2
vertex: (1, -2)
x-intercepts:

0=(x-1)" -2
(x—1)* =2
x—1=+2
lei\/i

y-intercept:

£(0)=(0-1)* =2 =-1

The axis of symmetry is x = 1.

y
\~ I
\ I
(1= 2,04 H-J (1 +2,0)
T -
H(0, —1) I
(1,—2)
HHH

f@=@x-12-2
domain: (—oo,o)

range: [—2,00)

f(x)=(x=1)*+2
vertex: (1, 2)
x-intercepts:

0=(x-1)"+2
(x—1)* =2
x—1=+J-2
leii\/i

No x-intercepts.
y-intercept:

£(0)=(0-1)*+2=3
The axis of symmetry is x = 1.

5 x
oy =@x-12+2

domain: (—oo,c0)

range: [2,e0)

20.

21.

f(x)=(x=3)* +2
vertex: (3, 2)
x-intercepts:
0=(x-3)+2
(x—3)*==2

x-3=+i\2

x=3+i\2

No x-intercepts.

y-intercept:

£(0)=(0-3+2=11

The axis of symmetry is x = 3.
y

/

(0,11)

16 x

J) =(x=3)?+2
domain: (—oo, o)

range: [2,c0)

y—lz(x—3)2

y=(x- 3)2 +1
vertex: (3, 1)
x-intercepts:

0=(x-3)>+1

(x-3)*=-1
x—3==i

x=3=+i

No x-intercepts.
y-intercept: 10
y=(0-3)*+1=10

The axis of symmetry is x = 3.

y
I\ 4
i 1
(0,10) L)
\ 1/
W3
16| x
y—1=(x-23)2

domain: (—oo,co)

range: [l,oo)
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22, y-3= (x—1)2 The axis of symmetry is x =-2.

y

y=(x—1)2 +3
vertex: (1, 3) (AN
x-intercepts: <_2 oz 0 VR i +\/%’0>
0=(x-1)*+3 . >

5 (=2, =1) ¥

~1)2=-3

(x=1) f)=20c+2)2 -1
x—1=+i\3 domain: (—oo, o)
=103 range: [—1,00)

No x-intercepts

y-intercept: s 2
y=(0—1)2+3:4 24, f(x)zz—(x—gj
The axis of symmetry is x = 1. )
M f(x):—(x_lj +§
5 ‘ 2 4
DY, 3 (1 sj
vertex: | —,—
5% 24
x-intercepts:
2
Oz—(x—lj +£
y-3=@-17> 2) 4
domain: (—oo,c0) ( 1)2 5
x——| ==
range: [3,0) 2 4
1.5
5 X——=*——
23, f(x)=2(x+2)" -1 2 2
vertex: (-2, —1) ‘= 1+5
x-intercepts: 2
0= 2(x + 2)2 -1 y-intercept:
2
1 5
2
= 0)=—]0-—=| +==1
2(x+2)" =1 S(0) ( 2) 4
2 1
(x+2) ) The axis of symmetry is x:%.
x+2=iL Yy
2 HTs, 5
1 5 ~AE (_ V_>
E iy | \ + =0
x:—Zi_:_ziﬁ (2 2’ * /4/‘.2 2
2 2 | 5%
y-intercept: f \
F0)=2(0+2)>=1=7 E
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25.

26.

272

S (x)=4=(x-1)"
S(x)==(x=1) +4
vertex: (1, 4)
x-intercepts:

0=—(x—1)*+4
(x—1)* =4
x—1==£2

x=-lorx=3
y-intercept:

f(x)==(0-1)"+4=3

The axis of symmetry is x = 1.

Yi
uﬂﬁ ST 4)
05 3)
N3, 0)
(=L0)] \ 8- x
/ \

J =4-(x-17?
domain: (—oo,0)

range: (—oo,4]

S (x)=1=(x=3)’

f(x)==(x=3)"+1
vertex: (3, 1)
x-intercepts:

0=—(x-3)*+1
(x-3)* =1
x—-3==+1

x=2orx=4
y-intercept:

£(0)==(0-3)* +1=-8

The axis of symmetry is x = 3.

Y 3,1
2) /
“ 4,0)

=

Qo N

——
e

Jo) =1- (x - 3)?
domain: (—oo,co)

range: (—eo,1]

27.

28.

f(x) =x?-2x-3

f(x) =(x2 —2x+l)—3—l
£ ()= (=17 4
vertex: (1, —4)
x-intercepts:

0=(x-1)*-4

(x—1)* =4
x—1=%2
x=-lorx=3
y-intercept: —3

£(0)=0%-2(0)-3=-3
The axis of symmetry is x = 1.

y

(SEER/ER )
(LN x
0=3 (1, +4)

S =x2+3x - 10
domain: (—oo,c0)

range: [—4,c0)

f(x)=x*-2x-15
f(x)=(x? =2x+1)-15-1
f(x)=(x-1)"-16

vertex: (1,-16)
x-intercepts:

0=(x-1)*-16

(x—1)* =16
x—1=+4
x=-3orx=>5
y-intercept:

£(0)=0%-2(0)-15 =-15

The axis of symmetry is x = 1.

yi
\ T )]
6- x
(=3,00\ y
0,=1 =16
f(x) =x2 =2 -15

domain: (—oo,c0)

range: [—16,)
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29.

30.

X=-
2 2

x=2orx=-5
y-intercept:

f(x)=0%+3(0)-10=-10

The axis of symmetry is x = —% .

Y
A 4
(-5, [.(2, 0)
\\NNITNNY/ x
1
[
3 A9 D =10)
-5 T | A
B 1

f(x) =x% + 3x -10

domain: (—oo,c0)

49 31
range: | ——, o :
: { 4 J

o 2 T B4l
f(x)—2[x +16) 4 2
2
f(x)zZ(x—%j —%
7

Copyright © 2018 Pearson Education, Inc.
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x-intercepts:

al=x2
4 4
4 4
1
x=——orx=4

y-intercept:
£(0)=2(0)"~7(0)-4 =4

The axis of symmetry is x = % .

y
]
\ “.0)
( I A6 x
—,U 1/
N1 81
N ’/l) E 'l?i’_?)

fx) =242 -Tx -4

domain: (—oo,co)

range: _8
ge: 3’

f()c)=2x—x2 +3
fx)=—-x>+2x+3
f(x)=—(x2 —2x+1)+3+1
f(x)z—(x—l)2 +4
vertex: (1, 4)

x-intercepts:
0=—(x—1)*+4

(x—1)* =4
x—1=%2
x=—lorx=3
y-intercept:

£(0)=2(0)=(0)" +3=3
The axis of symmetry is x = 1.
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32.

33.

274

YA
M ( ’ )
[| -
/N30
(=1,0) 5x

—
[t

o) =2x—-x2+3

domain: (—oo,)

range: (—co,4]

f(x)=5—4x—x2
f(x)z—x2 —4x+5
f(x):—(x2 +4x+4)+5+4

) =—(x+2)* +9
vertex: (-2, 9)
x-intercepts:

0=—(x+2)*+9
(x+2)" =9
x+2=+3

x=-5,1
y-intercept:

£(0)=5-4(0)—(0)* =5

The axis of symmetry is x = -2.

y
(_ 7

/ \{U,

-

—
—

(_59

X

f(x)=5—4x—x2

domain: (—oo,o)

range: (—o°,9]

f(x)z)c2 +6x+3

F(x)= (x> +6x+9)+3-9
)= (x+3)* =6

vertex: (-3,-6)
x-intercepts:
0=(x+3)"-6

34.

(x+3)* =6
x+3= i\/g
X = —3i\/g
y-intercept:
£(0)=(0)* +6(0)+3
f(0)=3

The axis of symmetry is x =-3.

y
Ao
\ Il

XY

X

(=3—6. 0\ 1/

(=3, sy (736, 0)
i
f@)=x*+6x+3

L

domain: (—oo,o)

range: [—6,)

f()c)zx2 +4x-1
f()=(x*+4x+4)—-1-4
f)=(x+2)" -5
vertex: (—2,-5)
x-intercepts:
0=(x+2)*-5
(x+2)2 =5

x+2:ix/§

x=—2i\/§

y-intercept:
£(0)=(0)* +4(0)~1
1(0)=—1

The axis of symmetry is x =-2.

y
(-2-&0 (\ HYATHEO
5 x
\ / —1
(=2, 55

JoO=x+4 -1
domain: (—oo,c0)

range: [—5,)
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35.

36.

f(x)=2x>+4x-3
fx)=2(x*+2x )-3
F(x)=2(x* +2x+1)-3-2
f(x)=2(x+l)2 -5
vertex: (—1,-5)
x-intercepts:
0=2(x+1)*=5
2(x+1)* =5
2 5
(x+1) 5
+

x+1= \/E
2

x=—li@

y-intercept:
£(0)=2(0)% +4(0)-3
7(0)=-3

The axis of symmetry is x =—1.

y
(_1_‘/1_70,0\ (_1+@30)
27 },* SEP= \ 2
| X
(_ F~AY b4 39—
) ) !

J@=22+4x-3
domain: (—eo,co)

range: [—5,)

f(x)=3x>-2x-4
f()=3|x* —%x j—4
1 1

a2 2 ), L
f(x)=3|x 3,x+9j 4 3

x-intercepts:

2
O=3(x—lj _B3
3 3

37.

Section 2.2 Quadratic Functions

y-intercept:
£(0)=3(0)* —2(0)- 4
f(0)=—4

The axis of symmetry is x = %

y
13 e (1,13
1_13 \ 113
(3 3’")\ ! \3”3’“)
|
AT x
O =D\l (1 .13
iiE 33

J(x)=3xr-2x -4

domain: (—oo,)

range: [—E oo)
ge: 3

f(x)=2x—x>-2
f(x)=—x>+2x-2
f(x)z—(x2—2x+l)—2+1

2
f(x)=—(x—1) -1
vertex: (1, -1)
x-intercepts:
0=—(x—1)*-1
(x=1)* =-1
x—1==i
x=1=i
No x-intercepts.
y-intercept:

£(0)=2(0)=(0)* —2=-2
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The axis of symmetry is x = 1.

y
— 1
’ 5 x
(02
/ \
fy=2x—x2 -2

domain: (—oe,e0)

range: (—oo,—1]

38, f(x)=6-4x+x°
f(x)=x>—4x+6
S0 = —4x+4)+6-4

f(x)= (x—2)2 +2
vertex: (2, 2)
x-intercepts:

0=(x-2)*+2
(x—2)*=-2

x—2:ii\/§
x=2+i2

No x-intercepts

y-intercept:

f(0)=6-4(0)+(0)* =6

The axis of symmetry is x = 2.
y

4
\ [

f(x) =6 —4x + 12
domain: (—oo,co)

range: [2,c0)

39. flr)=3x"—12x—1
a. a=23. The parabola opens upward and has
a minimum value.

x=_—b:2:2

2a 6
f2)=302F-122)-1=12-24—1=-13
The minimum is —13 at x=2.
¢. domain: (—eo,00) range: [—13,0)

40. fix)=2x"—8x-3
a. a=2. The parabola opens upward and has
a minimum value.

b 8

b. x=—=—-=2
2a 4
f2)=2(2) - 8(2) -3
=8-16-3=-11

The minimum is —11 at x=2.
¢. domain: (—eo,00) range: [—11,00)

41, f(x)=-4x> +8x-3
a. a=-4. The parabola opens downward and
has a maximum value.

b -8

b. x=—=—=
2a -8

F(D)=-4(1)* +8(1)-3
=—4+8-3=1

The maximumis 1 at x=1.

1

¢.  domain: (—eo,e0) range: (—oo,1]

42. fix)=-2x2-12x+3
a. a=-2. The parabola opens downward and
has a maximum value.

_b_12_

b. x= = -3
2a -4
A=3)=-2(-3)2 - 12(-3) + 3
= _18+36+3=21

The maximum is 21 at x =-3 .

¢.  domain: (—eo,00) range: (—oo,21]

43.  f(x)=5x>-5x

a. a=75. The parabola opens upward and has a
minimum value.

S |
2010 2
1 1 1
—l=5/=] -5/ =
z)-05) ()
_3. 5.5 10_=5
4 2 4 4 4

.. . =5 1
The minimum is T at x =—.

c. domain: (—eo,0) range: {_Ts,ooj
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44.

45.

46.

47.

48.

49.

50.

51.

f(x)=6x> —6x

a. a=6. The parabola opens upward and has
minimum value.

b x_‘_b=£=l
27 12 2
OFOREN
2
_6 5
4 "2 2
-3

The minimum is — at x = l
2 2

c. domain: (—eo,0) range: {_73,00)

Since the parabola opens up, the vertex (—1,-2) is a
minimum point.
domain: (—eo,e0). range: [—2,o)

Since the parabola opens down, the vertex (—3,—4)

is a maximum point.
domain: (—oo,c0). range: (_,X,’_4]

Since the parabola has a maximum, it opens down
from the vertex (10,—6).

domain: (—co,e0). range: (—oo,—6]

Since the parabola has a minimum, it opens up from
the vertex (—6,18).

domain: (—eo,0). range: [18,c)
(hﬂk):(5,3)

S () =2(x=h) +k=2(x=5) +3
(hk)=(7,4)
F(¥)=2(x=h)" 4k =2(x=7)" +4
(h.k)
f(x)

(~10,-5)
2(x—h)* +k

2[x=(=10)]" +(=5)
2(x+10)* =5

52.

53.

54.

5S.

56.

57.

Section 2.2 Quadratic Functions

—h)2 +k
[x—(=8)]" +(~6)

2
2(x+8)° -6

Since the vertex is a maximum, the parabola opens
down and a =-3.

(h.k)=(-2.4)

f(x)==-3(x=h)* +k
=3[x—(-2)]* +4
= 3(x+2)> +4

Since the vertex is a maximum, the parabola opens
downand a=-3.

(h.k)=(5,-7)
f(x)==3(x—h)* +k
= 3(x=5) +(=7)
=3(x=5)-7

Since the vertex is a minimum, the parabola opens
upand a =3

(h.k)=(11,0)

f(x)— (x— h)2+k
=3(x— 11)
=3(x-11)°

Since the vertex is a minimum, the parabola opens
upand a=3

(h,k)= (9,0).

f(x)=3(x—h)* +k

a. y=-0.01x*>+0.7x+6.1
a=-0.01, b=0.7, c=6.1

x-coordinate of vertex
_—b_ 07 _
“2a 2(-001)
y-coordinate of vertex
y=-0.01x> +0.7x+6.1
y=-0.01(35)> +0.7(35)+ 6.1 =18.35

The maximum height of the shot is about 18.35
feet. This occurs 35 feet from its point of release.
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b. The ball will reach the maximum horizontal
distance when its height returns to 0.
3 =-0.01x*> +0.7x+6.1

0=-0.01x> +0.7x+6.1
a=-0.01, b=0.7, c=6.1

e —b+b? —4dac

2q
_ 074 J0.72 = 4(=0.01)(6.1)

2(-0.01)
x=77.8 or x=-7.8

X

The maximum horizontal distance is 77.8 feet.

c. The initial height can be found at x =0.

y=-0.01x +0.7x+6.1
y=-0.01(0)> +0.7(0)+ 6.1 = 6.1
The shot was released at a height of 6.1 feet.

58. a. y=-0.04x>+2.1x+6.1
a=-0.04, b=2.1, c=6.1
x-coordinate of vertex
b 21 605
2a  2(~0.04)

y-coordinate of vertex
3 =-0.04x +2.1x+6.1
y =-0.04(26.25)% +2.1(26.25)+ 6.1 = 33.7

The maximum height of the shot is about 33.7
feet. This occurs 26.25 feet from its point of
release.

b. The ball will reach the maximum horizontal
distance when its height returns to 0.
y=-0.04x> +2.1x+6.1

0=-0.04x% +2.1x+6.1
a=-0.04, b=2.1, c=6.1

= —b++b* —4ac

2q
2.1+ \/2. 12— 4(-0.04)(6.1)
xX=

2(-0.04)
x=553 or x=-2.8

The maximum horizontal distance is 55.3 feet.

c. The initial height can be found at x = 0.
y=-0.04x> +2.1x+6.1
y =-0.04(0)> +2.1(0)+6.1=6.1
The shot was released at a height of 6.1 feet.

59.  y=-08x>+2.4x+6

a. The information needed is found at the vertex.
x-coordinate of vertex

-b 24
X=—=

2a 2(-0.8)
y-coordinate of vertex
3 =-0.8(1.5)> +2.4(1.5)+6="7.8
The vertex is (1.5, 7.8).

The maximum height of the ball is 7.8 feet.
This occurs 1.5 feet from its release.

b. The ball will hit the ground when the height
reaches 0.
3 =—0.8x +2.4x+6
0=—-0.8x> +2.4x+6

o —b+~\b? —4ac
2
24+ w72.42 —4(=0.8)(6)
x —

2(—0.8)
x=-1.6 or x=4.6

The ball travels 4.6 feet before hitting the ground.

c. The starting point occurs when x = 0. Find the
corresponding y-coordinate.

3 =-0.8(0)> +2.4(0)+6 =6
Plot (0,6), (1.5,7.8), and (4.7,0), and

connect them with a smooth curve.

3 1(y) fr) = —08x% + 2.4x + 6
L [

g G [05.78)

5 "\

Z 6406

B \\

3 2

Y 46,0\

T 0 1 2 3 4 5x
-]

Ball's Horizontal Distance
(feet)

60. y=-0.8x>+32x+6

a. The information needed is found at the vertex.
x-coordinate of vertex
_=b 32
2a 2 (—0.8)
y-coordinate of vertex
3 =-0.8(2)> +3.2(2)+6=9.2
The vertex is (2, 9.2).
The maximum height of the ball is 9.2 feet.
This occurs 2 feet from its release.
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61.

62.

b. The ball will hit the ground when the height
reaches 0.
y=-0.8x +3.2x+6
0=—0.8x* +3.2x+6

L ~bEVb? —dac
2
32+ «73.22 —4(=0.8)(6)
x —

2(—0.8)
x=—-14 or x=54

The ball travels 5.4 feet before hitting the ground.

¢. The starting point occurs when x = 0. Find the
corresponding y-coordinate.

y=-0.8(0)> +3.2(0)+6 =6
Plot (0,6), (2,9.2), and (5.4,0), and connect

them with a smooth curve.

3 P} f) = —0.8x% + 320 + 6
s 10 4L (2,92)

8 8 AT NG

LRI V4 AN

Z 6f0.6 \\

§ 4

E 2

% (5.4,0)

T 0 1 2 3 4 5 6«
--]

Ball's Horizontal Distance
(feet)

Let x = one of the numbers;
16 — x = the other number.

The product is f(x)=x(16-x)

=16x—x> =—x° +16x
The x-coordinate of the maximum is
_b__ 16 _ 16 _
2a 2(-1) 2

£(8)=-82+16(8) =—64+128 = 64

The vertex is (8, 64). The maximum product is 64.
This occurs when the two numbers are 8 and
16-8=8.

Let x = one of the numbers
Let 20 — x = the other number
P(x)=x(20-x)= 20x— x> =—x? +20x
b 20 20
T2 21 2
The other number is 20— x =20-10=10.

10

The numbers which maximize the product are 10 and
10. The maximum product is 10-10 =100.

63.

64.

65.

Section 2.2 Quadratic Functions

Let x = one of the numbers;
x—16 = the other number.
The productis f(x)=x(x-16)= x* —16x
The x-coordinate of the minimum is

b -16 3 —_16 _

X=——=—

8.
2 2(1) 2

£(8)=(8)"~16(8)
=64—-128=-64
The vertex is (8,—64) . The minimum product is —64 .

This occurs when the two numbers are 8 and
8—-16=-8.

Let x = the larger number. Then x—24 is the smaller
number. The product of these two numbers is given by

P(x) = x(x—24) = x* —24x
The product is minimized when
b (—24)

=== 2

20 2(1)
Since 12—(—12) =24, the two numbers whose

difference is 24 and whose product is minimized are
12 and —12.

The minimum product is P(12) =12(12-24) =—144.

Maximize the area of a rectangle constructed along a
river with 600 feet of fencing.
Let x = the width of the rectangle;
600 —2x = the length of the rectangle
We need to maximize.
A(x)=x(600-2x)
= 600x —2x” = —2x7 +600x
Since @ =-2 is negative, we know the function opens
downward and has a maximum at

o b __ 600 __600_, .

20 2(=2) 4

When the width is x =150 feet, the length is
600—2(150) = 600—-300 =300 feet.
The dimensions of the rectangular plot with maximum

area are 150 feet by 300 feet. This gives an area of
150-300 = 45,000 square feet.
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66.

67.

68.

280

From the diagram, we have that x is the width of the
rectangular plot and 200—2x is the length. Thus, the
area of the plot is given by

A=1-w=(200-2x)(x)=—-2x +200x

Since the graph of this equation is a parabola that
opens down, the area is maximized at the vertex.

woob 200 4
20 2(-2)

A= —2(50)2 +200(50) =—5000+10,000
=5000

The maximum area is 5000 square feet when the

length is 100 feet and the width is 50 feet.

Maximize the area of a rectangle constructed with 50
yards of fencing.

Let x = the length of the rectangle. Let y = the width of
the rectangle.

Since we need an equation in one variable, use the
perimeter to express y in terms of x.

2x+2y =50
2y =50-2x

_50-2x
2
We need to maximize A4 =xy=x(25-x). Rewrite 4

25—x

as a function of x.
A(x)=x(25-x)= —x? +25x
Since @ =—1 is negative, we know the function opens
downward and has a maximum at

2a 2(-1) -2
When the length x is 12.5, the width y is
y=25-x=25-125=125.
The dimensions of the rectangular region with
maximum area are 12.5 yards by 12.5 yards. This
gives an area of 12.5-12.5=156.25 square yards.

Let x = the length of the rectangle
Let y = the width of the rectangle

2x+2y =280
2y =80-2x
_80-2x
y=40—-x
A(x)=x(40—x) =—x? +40x
b 40 40

When the length x is 20, the width y is
y=40—x=40-20=20.

The dimensions of the rectangular region with
maximum area are 20 yards by 20 yards. This gives
an area of 20-20 =400 square yards.

69.

70.

Maximize the area of the playground with 600 feet
of fencing.

Let x = the length of the rectangle. Let y = the
width of the rectangle.

Since we need an equation in one variable, use the
perimeter to express y in terms of x.

2x+3y =600
3y =600-2x
_ 600-2x
. 2
=200——x
4 3

.. 2
We need to maximize 4 =xy = x(ZOO —ng .
Rewrite 4 as a function of x.

A(x)= x(ZOO—%xJ = —§x2 +200x

. 2. . .
Since a = -3 is negative, we know the function

opens downward and has a maximum at

b 200___209_ 450,

_—Z:— 5 = 4
2 — R
)

When the length x is 150, the width y is

2 2
y =200 x=200-=(150) = 100.

The dimensions of the rectangular playground with
maximum area are 150 feet by 100 feet. This gives
an area of 150-100 =15,000 square feet.

Maximize the area of the playground with 400 feet
of fencing.

Let x = the length of the rectangle. Let y = the
width of the rectangle.

Since we need an equation in one variable, use the
perimeter to express y in terms of x.

2x+3y =400
3y =400-2x
_400-2x
3
400 2
=———X
3 3
We need to maximize A4 =xy = x[?—%x} .
Rewrite 4 as a function of x.
A(x)= x(ﬂ—gx) __ 22,400,
3 3 3 3
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71.

72.

. 2. . .
Since a = 3 is negative, we know the function

opens downward and has a maximum at
400 400

b 3 3 100

X = -

3 3

When the length x is 100, the width y is
o400 2 400 200 2000
3 3 3 3 3 3

The dimensions of the rectangular playground with

maximum area are 100 feet by 66% feet. This

gives an area of 100- 66% = 6666% square feet.

Maximize the cross-sectional area of the gutter:
A(x)=x(20-2x)

=20x—2x> =—2x% +20x.
Since a =-2 is negative, we know the function
opens downward and has a maximum at

b 20 20 _ 5

2¢ 2(-2) -4 7
When the height x is 5, the width is
20-2x= 20—2(5) =20-10=10.

A(5)=-2(5) +20(5)

=-2(25)+100 =-50+100 =50
The maximum cross-sectional area is 50 square
inches. This occurs when the gutter is 5 inches
deep and 10 inches wide.

A(x)=x(12-2x) =12x—-2x?
=-2x% +12x
b 1212
20 2(-2) 4
When the height x is 3, the width is
12-2x=12-2(3)=12-6=6.

A(3)==2(3)> +12(3) =—2(9) +36
=-18+36=18

The maximum cross-sectional area is 18 square

inches. This occurs when the gutter is 3 inches

deep and 6 inches wide.

Section 2.2 Quadratic Functions

73. x = increase
A=(50+ x)(8000—100x)

= 400,000 + 3000x — 100>

_—b 3000 _
2a  2(-100)
The maximum price is 50 + 15 = $65.
The maximum revenue = 65(800 — 100-15) =

$422,500.

74. Maximize 4 = (30 + x)(200 — 5x)
= 6000 + 50x — 5x°
—(50)
x=—"T=s
2(-5)
Maximum rental = 30 + 5 = $35
Maximum revenue = 35(200 — 5-5) = $6125

75. x = increase
A=(20+x)(60—2x)

=1200+20x — 2x2

—_b =20
2a  2(-2)
The maximum number of trees is 20 + 5 = 25 trees.

The maximum yield is 60 — 2-5=50 pounds per tree,
50 x 25 = 1250 pounds.

76. Maximize 4 = (30 + x)(50 — x)
=1500 + 20x —x°
-20
xX=—
2(-1)
Maximum number of trees = 30 + 10 = 40 trees
Maximum yield = (30 + 10)(50 — 10) = 1600 pounds

=10

77.—83. Answers will vary.

84. y=2x"—82x+720

.
101
-10 L 10
-10

You can only see a little of the parabola.
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b. a=2;b=-82
w=eb o B2 s
2a 4
y= 2(20.5)2 —82(20.5)+720
=840.5-1681+720
=-120.5

vertex: (20.5,-120.5)

¢. Ymax=750

d. You can choose Xmin and Xmax so the x-value
of the vertex is in the center of the graph.
Choose Ymin to include the y-value of the
vertex.

85. y=-0.25x"+40x

x=2 =20 g
2a -0.5
3 =-0.25(80)" + 40(80)
= 1600

vertex: (80, 1600)

NORMAL FLOAT AUTO REAL RADIAN MP n

1700

D

-10
{00 170

86. y=—4x"+20x+ 160
x= 222015
2a -8
y=-4(2.5)* +20(2.5) + 160
=-2.5+50+160 =185
The vertex is at (2.5, 185).

NORMAL FLOAT AUTO REAL RADIAN MP n

200

WA

87. y=5x"+40x + 600
b —40
X=—=—z=
2a 10
y = 5(—4)> + 40(—4) + 600
=80 — 160 + 600 = 520
vertex: (—4, 520)

NORMAL FLOAT AUTO REAL RADIAN MP n

1200

-20 —100% 12

88. 3 =0.01x"+0.6x+ 100
-b 0.6 _

x=—=—"=-30
2a 0.02
3 =0.01(=30)> + 0.6(~30) + 100
=9-18+100=91

The vertex is at (30, 91).

NORMAL FLOAT AUTO REAL RADIAN MP n

110

=70 9 10

89. a. The values of y increase then decrease.

NORMAL FLOAT AUTO REAL RADIAN MP n

35

—

b. y=-048x%+6.17x+9.57

L1
2(-0.48)
y =—-0.48(6)> +6.17(6)+9.57 = 29.3

According to the model in part (b), American
Idol had the greatest number of viewers, 29.3
million, in Season 6.
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90.

91.

92.

93.

94.

9s.

96.

The greatest number of viewers actually
occurred in Season 5, not Season 6, and the
model underestimates the greatest number by
1.1 million.

Scatter plot and quadratic function of best fit:

NORMAL FLOAT AUTO REAL RADIAN MP .

35

13

does not make sense; Explanations will vary.
Sample explanation: Some parabolas have the y-axis
as the axis of symmetry.

makes sense

does not make sense; Explanations will vary.
Sample explanation: If it is thrown vertically, its
path will be a line segment.

does not make sense; Explanations will vary.
Sample explanation: The football’s path is better
described by a quadratic model.

true

false; Changes to make the statement true will vary.
A sample change is: The vertex is (5,—1).

false; Changes to make the statement true will vary.
A sample change is: The graph has no x—intercepts.
To find x—intercepts, set y = 0 and solve for x.

0=-2(x+4)> -8
2(x+4)* =8
(x+4)" =—4

Because the solutions to the equation are imaginary,
we know that there are no x—intercepts.

97.

98.

99.

100.

101.

Section 2.2 Quadratic Functions

false; Changes to make the statement true will vary.
A sample change is: The x-coordinate of the

. . 1 1 1
maximum is —— =———=——=— and the y-
2a 2(-1) -2 2

coordinate of the vertex of the parabola is
b 1y 5
51305
. .5
The maximum y—value is 7

fx) =30 +2) = 5 (-1, -2)

axis: x =-2

(=1, -2) is one unit right of (-2, —2). One unit left of
(-2,-2)is (-3, -2).

point: (-3, -2)

Vertex (3, 2) Axis: x=3
second point (0, 11)

We start with the form f(x)=a(x—h)* +k.
Since we know the vertex is (,k) =(-3,-4), we
have f(x)= a(x+3)2 —4 . We also know that the
graph passes through the point (1,4), which allows

us to solve for a.

4=a(1+3)" -4
8=a(4)2
8=16a

1

1_,

2

Therefore, the function is f (x) = %(x+3)2 -4.

We know (h,k)=(-3,-4), so the equation is of the
form f(x)=a(x—h)" +k

= a[x—(—3)]2 +(-1)

=a(x+3)2 -1
We use the point (—2,-3) on the graph to determine
the value of a: f(x)= a(x+3)2 -1
3=q(-2+3)" -1
3=a(1)’ -1
—3=a-1
-2=a

Thus, the equation of the parabola is
f(x)==2(x+3)-1.
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102. 2x+y-2=0
y=2-2x

d=+x>+2-2x)°
d=~x*+4-8x+4x"

d =+5x* —8x+4
Minimize 5x* — 8x + 4

x=B_2
25 5
4) 2
y—2—2[gj—g

103. f(x)=(80+x)(300—3x)—10(300 —3x)
= 24000+ 60x — 3x% —3000 + 30x

= —3x% +90x + 21000
_—b_ -9 3 _
2 2(-3) 2

The maximum charge is 80 + 15 = $95.00. the
maximum profit is —3(15)* + 9(15) + 21000 =
$21,675.

104, 440 = 2x+ 7y
440-2x =y
440-2x

T

Maximize 4= x(mj =— 2 X%+ 440

V3 V4 V4
40 40
= ”2 =L4=$=110
2 — —_
T T
440-2(110) _ 220
V3 V4

The dimensions are 110 yards by 220 yards.
V3

105. Answers will vary.

106. 3x+y* =10
¥ =10-3x

y=1+410-3x

Since there are values of x that give more than one

value for y (for example, if x = 0, then

y=1J10-0 = +J10 ), the equation does not define

y as a function of x.

107.

108.

109.

110.

111.

a. domain: {x|—<>o<x<oo} or (—oo,e0).
b. range: {y|—3£y<oo} or [-3,0).

c.  The x-intercepts are —2 and 4.

d. The y-intercept is —2.
e. [f(-4)=2

f(x)=4x" =2x+7

f(x+h)y=4(x+h) =2(x+h)+7
=4(x* +2xh+h*)—2x—2h+7
=4x" +8xh+4h> =2x-2h+7

St - f(x)

h

4x" +8xh+4h" = 2x—2h+T7—(4x" —2x+7)
B h
_ 4% +8xh+4h* —2x—2h+T7—-4x* +2x-7
B h
_ 8xh+4h* —2h
B h

h(8x+4h-2)

h

=8x+4h-2, h#0

X0 +3x2 —x—3=x2(x+3)—l(x+3)
=(x+3)(x*-1)
=(x+3)(x+D)(x-1)

f(x)=x"=2x-5

@)=} -22)-5=-1

=03y -203)-5=16

The graph passes through (2, —1), which is below the
x-axis, and (3, 16), which is above the x-axis. Since
the graph of fis continuous, it must cross the x-axis
somewhere between 2 and 3 to get from one of these
points to the other.

f(x)= xt-2x? +1
[0 =0 =2(=0)7 +1
=x*-2x% +1
Since f(—x)= f(x), the function is even.
Thus, the graph is symmetric with respect to the
y-axis.
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Section 2.3

Check Point Exercises

1.

Since n is even and a,, >0, the graph rises to the left
and to the right.

It is not necessary to multiply out the polynomial to

determine its degree. We can find the degree of the

polynomial by adding the degrees of each of its
degj? 3 degree 1degree 1

factors. f(x)=2 x° (x—1)(x+5) has degree

3+1+1=5.

fx)= 2%° (x=1)(x+5) is of odd degree with a

positive leading coefficient. Thus, the graph falls to

the left and rises to the right.

Since 7 is odd and the leading coefficient is negative,
the function falls to the right. Since the ratio cannot
be negative, the model won’t be appropriate.

The graph does not show the function’s end behavior.

Since a, >0 and # is odd, the graph should fall to
the left but doesn’t appear to do so.

Fx)=x>+2x? —4x-8
0=x>(x+2)—4(x+2)
0=(x+2)(x> —4)
0=(x+2)*(x-2)

x=-2o0rx=2

The zeros are —2 and 2.

f(x)=x*—4x?
xt—axt =0
2 (x2-4)=0

X (x+2)(x-2)=0
x=0orx=-2 orx=2
The zeros are -2, 0, and 2.

Section 2.3 Polynomial Functions and Their Graphs

1 2 3
f(x) =—4(x+5j (x—5)

1 2
—4(x+—j (x—5)3:O
2
x=—l orx=35
2

The zeros are —%, with multiplicity 2, and 5, with
multiplicity 3.
Because the multiplicity of —% is even, the graph

touches the x-axis and turns around at this zero.
Because the multiplicity of 5 is odd, the graph
crosses the x-axis at this zero.

F(x)=3x" —10x+9
F(=3)=3(=3)> -10(-3)+9=—42
£(=2)=3(=2)> =10(=2)+9 =5
The sign change shows there is a zero between —3
and 2.

f(x)= x> —3x2
Since a, >0 and n is odd, the graph falls to the left
and rises to the right.

¥ =3x*=0
X2 (x=3)=0
x=0orx=3

The x-intercepts are 0 and 3.

£(0)=0°-3(0)> =0
The y-intercept is 0.
f(=x)= (—x)3 —3(—)c)2 =—x3-3x?

No symmetry.
y
5 A
0,030
{ 51 x
N
(-1, -4+ V¥2 —g)
[EEEEA L1
fx) = x3 = 3x2

Copyright © 2018 Pearson Education, Inc. 285



Chapter 2 Polynomial and Rational Functions

10.

F(x)=2(x+2)*(x-3)

The leading term is 2-x? - X, Oor 2x°.
Since a, >0 and # is odd, the graph falls to the left
and rises to the right.

2(x+2)*(x=3)=0
x=—-2o0orx=3

The x-intercepts are —2 and 3.

£(0)=2(0+2)2(0-3)=—12
The y-intercept is —12.

f=x)=2((=x)+2)? (=) -3)
=2(~x+2)* (-x-3)

No symmetry.
y
500 4
|
(20 3.0
(=3, -12) 5 x
A2, -32)
(09 -24) ‘ N[ T ]
‘ TI(T, =36)

) =2(x +2)* (x — 3)

Concept and Vocabulary Check 2.3

1.

2.

10.

11.

12.

13.

286

5, 2

false

end; leading

falls; rises

rises; falls

rises; rises

falls; falls

true

true

x-intercept

turns around; crosses
0; Intermediate Value

n-—1

Exercise Set 2.3

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

polynomial function;
degree: 3

polynomial function;
degree: 4

polynomial function;
degree: 5

polynomial function;
degree: 7

not a polynomial function
not a polynomial function
not a polynomial function
not a polynomial function
not a polynomial function

polynomial function;
degree: 2

polynomial function

Not a polynomial function because graph is not
smooth.

Not a polynomial function because graph is not
continuous.

polynomial function
(b)
(c)
(a)
(d)

f(x)= 563 +7x% —x+9
Since ay > 0 and # is odd, the graph of f{x) falls to the
left and rises to the right.

F(x)=11x" —6x% +x+3
Since ay > 0 and #» is odd, the graph of f{x) falls to the
left and rises to the right.

f(x)= 5x*+7x% —x+9
Since a; > 0 and 7 is even, the graph of f{x) rises to
the left and to the right.
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22.

23.

24.

25.

26.

27.

28.

29.

Fx)=11x*—6x2 +x+3
Since a; > 0 and 7 is even, the graph of f{x) rises to
the left and to the right.

f(x)= —5xt 4732 —x+9
Since a; < 0 and # is even, the graph of f{x) falls to
the left and to the right.

fx)=—-11x" =627 +x+3
Since a; < 0 and # is even, the graph of f{x) falls to
the left and to the right.

f()=2(x=5)(x+4)*

x =5 has multiplicity 1;

The graph crosses the x-axis.

x =—4 has multiplicity 2;

The graph touches the x-axis and turns around.

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

x =—5 has multiplicity 1;

The graph crosses the x-axis.

x = -2 has multiplicity 2;

The graph touches the x-axis and turns around.

S(x) = 4(x=3)(x+6)°

x = 3 has multiplicity 1;

The graph crosses the x-axis.
x =—6 has multiplicity 3;
The graph crosses the x-axis.

f(x)= —3(x+%j(x—4)3

xX= —% has multiplicity 1;

The graph crosses the x-axis.
x = 4 has multiplicity 3;
The graph crosses the x-axis.

fx)= X -2x? 4 x
=X (x2 —-2x+ 1)
=x(x— 1)2
x = 0 has multiplicity 1;
The graph crosses the x-axis.
x =1 has multiplicity 2;
The graph touches the x-axis and turns around.

30.

31.

32.

33.

34.

3s.

36.

Section 2.3 Polynomial Functions and Their Graphs

F(x)= x> +4x% +4x
=X (x2 +4x+ 4)
=x(x+2)
x = 0 has multiplicity 1;
The graph crosses the x-axis.
x =—-2 has multiplicity 2;
The graph touches the x-axis and turns around.

f(x)=x>+7x> —4x-28
=X} (x+7)—4(x+7)
= (x2 —4)(x+7)
=(x-2)(x+2)(x+7)
x =2, x=-2and x = -7 have multiplicity 1;
The graph crosses the x-axis.

f(x)= 4557 —9x—45
=x2(x+5)=9(x+5)
= (x2 —9)(x+5)
=(x-3)(x+3)(x+5)

x =3, x=-3 and x = -5 have multiplicity 1;

The graph crosses the x-axis.

f(x) =x—x-1
fH)=-1
A2)=5

The sign change shows there is a zero between the
given values.

f(x) =¥ —4x* +2
f0)=2
A =-1

The sign change shows there is a zero between the
given values.

f(x)=2x* —4x? +1
fi-1)=-1
f0)=1

The sign change shows there is a zero between the
given values.

f(x) =x*+6x° —18x7
A2)=-8
13) =81

The sign change shows there is a zero between the
given values.
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37. f(x)= X 4x?—2x+1
f(=3)=-11
f-2)=1
The sign change shows there is a zero between the
given values.

38. f(x)zxs—x3—1

f)=-1

A2)=23

The sign change shows there is a zero between the
given values.

39.  f(x)=3x-10x+9
f(-3)=-42
fi-2)=5
The sign change shows there is a zero between the
given values.

40.  f(x)=3x—8x% +x+2
A2)=—4
f3)=14
The sign change shows there is a zero between the
given values.

41. f(x) =x>+2x% —x-2

a. Since a, >0 and 7 is odd, f{x) rises to the right
and falls to the left.

b. S +2xt—x-2=0
X2 (x+2)—(x+2)=0
(x+2)x>-1)=0
(x+2)(x—1)(x+1)=0
x=-2,x=1,x=-1
The zeros at -2, —1, and 1 have odd multiplicity
s0 f{x) crosses the x-axis at these points.

. f(0)=(0)+2(0)>-0-2
-2

The y-intercept is —2.

d (%)= (=) +2(=x)* = (-x) -2
= +2x2+x-2
—f(x) =—x>-2x% +x+2
The graph has neither origin symmetry nor
y-axis symmetry.

42.

43.

a.

e.  The graph has 2 turning points and 2 <3 — 1.

y

I~

=P

o<

=
|
g

f(x)=x3+2x2—x—2
f(x)=x+x*—4x-4

Since a, >0 and n is odd, f(x) rises to the right
and falls to the left.

b. X +x*—4x—4=0

X (x+1)=4(x+1)=0
(x+1)(x2 —4) =0

x+DHx-2)x+2)=0
x=-l,orx=2,orx=-2

The zeros at —2, —1 and 2 have odd multiplicity,
so f{x) crosses the x-axis at these points. The
x-intercepts are —2, —1, and 2.

¢ f(0)=0"+(0)" -4(0)-4=—4

The y-intercept is —4.

d. f(—x)=—x+x>+4x—4

—f(x)=—x> —x* +4x+4
neither symmetry

e.  The graph has 2 turning points and 2 <3 — 1.

y (_190)
LI T hl /R
(=2,0 2,0
8 \E SR Ak
,' —(0, _4)
T
1]
(19 _6)
[T
f(x)= x*—9x?
a. Since a, >0 and n is even, f{x) rises to the left
and the right.
b. xt-9x? =0
x2 (x2 —9) =0

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

The zeros at —3 and 3 have odd multiplicity, so
fx) crosses the x-axis at these points. The root
at 0 has even multiplicity, so f{x) touches the
x-axis at 0.
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. £(0)=(0)*-90)% =0
The y-intercept is 0.

d f(—x)= x*—9x?
S(=x)=1(x)
The graph has y-axis symmetry.

e.  The graph has 3 turning points and 3 <4 — 1.

y (05 /0)

A_IS /
| I |
\
\

a. Since a, >0 and n is even, f(x) rises
to the left and the right.

b. x*-x*=0
x° (x2 —1) =0
X (x=1)(x+1)=0
x=0,x=1,x=-1

ftouches but does not cross the x-axis at 0.

¢ f(0)=(0)*"-(0)*=0
The y-intercept is 0.

d f(—x)= xt—x?
S=x)=f(x)
The graph has y-axis symmetry.

e.  The graph has 3 turning points and 3 <4 — 1.

—

45.

Section 2.3 Polynomial Functions and Their Graphs

a.

f(x) =—x* +16x?

Since a, <0 and n is even, f{x) falls to the left
and the right.

—x* +16x% =0

¥ (x> +16)=0
X (4-x)(4+x)=0
x=0,x=4,x=-4
The zeros at —4 and 4 have odd multiplicity, so
fx) crosses the x-axis at these points. The root
at 0 has even multiplicity, so f{x) touches the x-
axis at 0.

£0)=(0)* —9(0)* =0
The y-intercept is 0.

f(=x)=—x*+16x°
S=x)=f(x)
The graph has y-axis symmetry.

The graph has 3 turning points and

3<4-1.

y
G
B AN e
(—4,0) 4, 0)
ool

46.  f(x)=-x*+4x?

a.

b.

C.

d.

Since ay <0 and 7 is even,
fx) falls to the left and the right.

—xt+axt =0

X (4-x*)=0

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

x=0,x=2,x=-2

The x-intercepts are —2,0, and 2. Since f'has a

double root at 0, it touches but does not cross
the x-axis at 0.

£(0)==(0)* +4(0)* =0
The y-intercept is 0.
f=x)=—x*+4x?

S =f(x)
The graph has y-axis symmetry.
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e.  The graph has 3 turning points and 3 <4 —1.

A
Ir
DE
=l
-

A P

47. f(x)=x

a. Since a, >0 and 7 is even, f{x) rises to the left
and the right.

b. x*-2+x*=0

( -2x+1 )

x (x—l)(x—l) =

x=0,x=1

The zeros at 1 and 0 have even multiplicity, so
fx) touches the x-axis at 0 and 1.

¢ fO=0*"-207+©07?=0
The y-intercept is 0.

d f(—x)= xt+2x? + 52

The graph has neither y-axis nor origin

symmetry.

e.  The graph has 3 turning points and 3 <4 — 1.

y
I T
-1,4) 2,4

0,0 $ ¥

) =x4 -

x* —6x° +9x2

48. f(x)=

¢ £(0)=(0)*-6(0)+9(0)*> =0
The y-intercept is 0.

d. f(—x)=x*+6x> +9x2
The graph has neither y-axis nor origin
symmetry.

e.  The graph has 3 turning points and 3 <4 — 1.
vy (15,5.0625)

04

1, ’(2 . 4)

49. f(x)=-2x"+44°

a. Since a, <0 and n is even, f{x) falls to the left
and the right.

b. —2x*+4x’ =0
X (-2x+4)=0
x=0,x=2
The zeros at 0 and 2 have odd multiplicity, so
fx) crosses the x-axis at these points.

e f0)=-2(0)"+4(0)° =0
The y-intercept is 0.

d f(-x)= 23t —4x?
The graph has neither y-axis nor origin
symmetry.

e.  The graph has 1 turning point and
1<4-1
y

)

a.
b.
290

Since ay > 0 and n is even,
fx) rises to the left and the right.

xt—6x° +9x2 =0
x? (x2 —6x+9)=0

x? (x— 3)2 =0

x=0,x=3

The zeros at 3 and 0 have even multiplicity, so
fx) touches the x-axis at 3 and 0.

01/, 0)

S =
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50.  f(x)=-2x"+24°

g

&

®

Since a, <0 and n is even, f{x) falls to the left
and the right.

2xt+2x° =0
3 (=2x+2)=0
x=0,x=1

The zeros at 0 and 1 have odd multiplicity, so
fx) crosses the x-axis at these points.

The y-intercept is 0.

F(=x)=-2x* =253
The graph has neither y-axis nor origin
symmetry.

The graph has 2 turning points and 2 <4 — 1.

511(0.5, 0.125)

51. f(x)= 6x> —9x—x°

a.

d.

Since a, <0 and n is odd, f{x) rises to the left
and falls to the right.

¥ +6x° —9x=0
—x(x4 —6x? +9) =0

—x(x2 —3)(x2 —3) =0
x=0, x=+/3

The root at 0 has odd multiplicity so f{x) crosses

the x-axis at (0, 0). The zeros at —3 and 3
have even multiplicity so f{x) touches the x-axis

at \/3 and —\/g.

£(0)==(0)’ +6(0)’ —=9(0) =0
The y-intercept is 0.

f(=x)= X0 —6x> +9x
S(=x)==1(x)
The graph has origin symmetry.

Section 2.3 Polynomial Functions and Their Graphs

The graph has 4 turning points and 4 <5 — 1.

SEII - P
2,400
(=3, 0 ¥H63.0)
TT5] x
J& [ 71
(25_2)
@, — Ty
f(x)=6x3—9x—x5

f(x)=6x—x3—x5

Since a,, <0 and n is odd, f{x) rises to the left
and falls to the right.

- x> +6x=0

—x(x +x —6) 0

—x(x +3)( )
x=0,x= i\f
The zeros at —/2 , 0, and 2 have odd

multiplicity, so f{x) crosses the x-axis at these
points.

£(0)==(0° —(0)’ +6(0)=0
The y-intercept is 0.

f(=x)= X +x° —6x
f(=x)==f(x)
The graph has origin symmetry.

The graph has 2 turning points and 2 <5 — 1.

y

IEEEEE

(L4)-

H/1LmEn
(—\]7,0) (2’0)
- I
RERRA 78 Bt
(-1 - ¥ 0.0

[TTT [1

Since a, <0 and n is odd, f{x) rises to the left
and falls to the right.

- +3x2 =0
—x? (x=3)=0
x=0,x=3

The zero at 3 has odd multiplicity so f{x) crosses
the x-axis at that point. The root at 0 has even
multiplicity so f{x) touches the axis at (0, 0).
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54.

292

£(0)==(0)*+3(0)* =0
The y-intercept is 0.

f(=x)=x>+3x°
The graph has neither y-axis nor origin
symmetry.

The graph has 2 turning points and 2 <3 — 1.

y
T [TT]
(_15 4} (294)
| \ 1
HA 3,0
(0, 0) 3 x
{
Y
Sfx) = 3x2 -3
1 1 4
X)=———x
I(x)=5-7
Since a, <0 and n is even, f{x) falls to the left
and the right.
_lx4 +l:0
2 2
—l(x“ -1)=0
2

—%(x2+1)(x2—1)=0

—%(x2+1)(x—1)(x+1)=0

x==1
The zeros at —1 and 1 have odd multiplicity, so
fx) crosses the x-axis at these points.

_ Lopill
SO ==20)"+7=7

. 1
The y-intercept is 5

11y
JEx) =55
f(=x)=f(x)
The graph has y-axis symmetry.

The graph has 1 turning pointand 1 < 4 —1.

4,

55 f(x)=-3(x=1)* (-4

a.

Since a, <0 and n is even, f{x) falls to the left
and the right.

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

x=1x=-2,x=2
The zeros at —2 and 2 have odd multiplicity, so
fx) crosses the x-axis at these points. The root
at 1 has even multiplicity, so f{x) touches the x-
axis at (1, 0).
£(0)=-300-1)*(0% ~4)°

=-3(1)(-4)=12
The y-intercept is 12.

F(=x)==3(=x—1)? (x2 - 4)

The graph has neither y-axis nor origin
symmetry.

The graph has 1 turning pointand 1 <4 — 1.

1
#(1, 0)
(=2,0) (2,
\[ 53 x

0. 12)-
\
\

N

I

‘=

f@) ==-3c-1D2:2-4)

56. f(x)=-2(x—4)*(+*-25)

Since a, <0 and n is even, f{x) falls to the left
and the right.

=2 (x—4)*(¥* =25)=0

x=4,x=-5x=5

The zeros at —5 and 5 have odd multiplicity so
fx) crosses the x-axis at these points. The root
at 4 has even multiplicity so f{x) touches the x-
axis at (4, 0).

—2(0-4)*(0> -25)
-2(16)(=25)

800

The y-intercept is 800.

AQ)

f(=x)==2(-x-4) (¥ -2

The graph has neither y-axis nor origin
symmetry.
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The graph has 1 turning pointand 1 < 4 — 1.
Y4 (9, 800)
(=3, 1568) N/ H
[ I | \ /15’ 0)
(~5, O NI

f(x) = =2(x — 42 (x2 - 25)

57. f(x) =x? (x—l)3 (x+2)

Since a, >0 and n is even, f{x) rises to the left
and the right.

x=0,x=1,x=-2

The zeros at 1 and —2 have odd multiplicity so
fx) crosses the x-axis at those points. The root
at 0 has even multiplicity so f{x) touches the
axis at (0, 0).

£(0)=02(0-1)’ (0+2)=0
The y-intercept is 0.
f(=x) =2 (=x=1)* (~x+2)

The graph has neither y-axis nor origin
symmetry.

The graph has 2 turning points and 2 <6 — 1.
y

H [ TT]
2 (2,16)
[T
(=200, 0)
o 5x
(=1, =8) (0, 0)
B
f@)=x2@x-1D(x+2)

58. f(x) = (x+2)2 (x+1)

a.

Since a, >0 and n is even, f{x) rises to the left
and the right.

x=0,x=-2,x=-1

The roots at 0 and —1 have odd multiplicity so
fx) crosses the x-axis at those points. The root

at —2 has even multiplicity so f{x) touches the
axis at (-2, 0).

£(0)=0>(0+2)*(0+1)=0
The y-intercept is 0.

f(=x)= — (—x+2)2 (—x+1)

The graph has neither y-axis nor origin symmetry.

Section 2.3 Polynomial Functions and Their Graphs

c.

The graph has 3 turning points and 3 <6 — 1.

=1=
—
o

0){5x

EELZ

fO=x3x+22(x+1)

59. f(x) =—x? (x—1)(x+3)

a.

i

&

®

a.

b.

Since a, <0 and n is even, f{x) falls to the left
and the right.

x=0,x=1,x=-3
The zeros at 1 and —3 have odd multiplicity so

fx) crosses the x-axis at those points. The root

at 0 has even multiplicity so f{x) touches the
axis at (0, 0).

£(0)==0%(0-1)(0+3)=0
The y-intercept is 0.

f(=x)= —x? (=x—1)(=x+3)
The graph has neither y-axis nor origin
symmetry.

The graph has 3 turning points and 3 <4 — 1.
y

Inj

[T
(=2,12)

[
(=3,0

==y

-
=
.
>
e
|
|

J)==x2(x-Dkx+3)

f(x) =—x? (x+2)(x-2)

Since a, <0 and n is even, f{x) falls to the left
and the right.

x=0,x=2,x=-2

The zeros at 2 and —2 have odd multiplicity so

fx) crosses the x-axis at those points. The root

at 0 has even multiplicity so f{x) touches the
axis at (0, 0).

£(0)==0%(0+2)(0-2)=0
The y-intercept is 0.
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61.

f(=x)= — (-x+2)(-x-2)

f(=x0) = =x2 (=) (x=2) (=) (x +2)
f(=x)==x? (x+2)(x-2)
S(=x)=f(x)

The graph has y-axis symmetry.

The graph has 3 turning points and 3 <4 — 1.

y
[1T] (.1’3)__
(_1a3}\ = I
[11 I
(=2, 01\, 0
£y
0,0
11

S =-x2(x+2)(x—-2)

f(x)==22 (x=1)* (x+5)

a.

Since a, <0 and n is even, f{x) falls to the left
and the right.

x=0,x=1,x=-5

The roots at 0 and —5 have odd multiplicity so

fx) crosses the x-axis at those points. The root

at 1 has even multiplicity so f{x) touches the
axis at (1, 0).

£(0)==2(0)* (0-1)* (0+5)=0
The y-intercept is 0.
f(=x) =253 (=x=1)* (~x+5)

The graph has neither y-axis nor origin
symmetry.

The graph has 2 turning points and 2 <6 — 1.

y
A
(—4, 3200)7 1,0)
TN
(=5, 0)1-(0, 0) x
(3, —1728)
1
]

Sx) =23 (x-1)2(x+5)

62. f(x)=-3x (x—1)*(x+3)

294

a.

Since a, <0 and n is even, f{x) falls to the left
and the right.

x=0,x=1,x=-3

The roots at 0 and —3 have odd multiplicity so
fx) crosses the x-axis at those points. The root
at 1 has even multiplicity so f{x) touches the
axis at (1, 0).

£(0)==3(0)> (0-1)* (0+3)=0
The y-intercept is 0.
f(=x) =35 (=x—1)* (=x+3)

The graph has neither y-axis nor origin
symmetry.

The graph has 2 turning points and

2<6-1.
y
(-2, 21|6I) ‘m_(?"o)_
AN AN
HE
2, —120)

—

J(x)==3x3(x—1)*(x+3)

63. f(x)=(x=2)" (x+4)(x-1)

a.

Since a, >0 and n is even, f{x) rises to the left
and rises the right.

x=2,x=-4,x=1

The zeros at —4 and 1 have odd multiplicity so
fx) crosses the x-axis at those points. The root

at 2 has even multiplicity so f{x) touches the
axis at (2, 0).

£(0)=(0-2)*(0+4)(0-1)=-16
The y-intercept is —16.
S (=x) = (=x=2)" (-x+4) (-x-1)

The graph has neither y-axis nor origin
symmetry.

The graph has 3 turning points and 3 <4 - 1.

Y4, 0)
N / M|
| WA M|
\ /--$(4, 96)
(_4’ 0) / rl
PN
(-3, —100)\ 2,0
H (0, -16)

f@)=x-2C@+4HE -1

64. f(x)=(x+3)(x+1) (x+4)

a.

Since a, >0 and n is odd, f{x) falls to the left
and rises to the right.

x=-3,x=-1,x=-4

The zeros at all have odd multiplicity so f{x)
crosses the x-axis at these points.
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65.

66.

£(0)=(0+3)(0+1)’ (0+4)=12
The y-intercept is 12.

£ (=x) = (=x+3)(=x+1)’ (~=x +4)
The graph has neither y-axis nor origin
symmetry.

The graph has 2 turning points

y

[ 19 I

EENEE] SEE
(_39‘0|) 4(_1, D)

N

4, ORI
l S (-2, —‘2)

]

11

SO =@+ +D3x+49

The x-intercepts of the graph are -2, 1, and 4,
so they are the zeros. Since the graph actually
crosses the x-axis at all three places, all three
have odd multiplicity.

Since the graph has two turning points, the
function must be at least of degree 3. Since -2,
1, and 4 are the zeros, x+2, x—1,and x—4
are factors of the function. The lowest odd
multiplicity is 1. From the end behavior, we
can tell that the leading coefficient must be
positive. Thus, the function is

F(x)=(x+2)(x-1)(x—4).
7£(0)=(0+2)(0-1)(0-4)=8

The x-intercepts of the graph are -3, 2, and 5,
so they are the zeros. Since the graph actually
crosses the x-axis at all three places, all three
have odd multiplicity.

Since the graph has two turning points, the
function must be at least of degree 3. Since —3,
2, and 5 are the zeros, x+3, x—2,and x—5
are factors of the function. The lowest odd
multiplicity is 1. From the end behavior, we
can tell that the leading coefficient must be
positive. Thus, the function is

f(x)=(x+3)(x-2)(x-5).
7(0)=(0+3)(0-2)(0-5)=30

67.

68.

69.

Section 2.3 Polynomial Functions and Their Graphs

The x-intercepts of the graph are —1 and 3, so
they are the zeros. Since the graph crosses the
x-axis at —1, it has odd multiplicity. Since the
graph touches the x-axis and turns around at 3, it
has even multiplicity.

Since the graph has two turning points, the
function must be at least of degree 3. Since —1
and 3 are the zeros, x+1 and x—3 are factors
of the function. The lowest odd multiplicity is
1, and the lowest even multiplicity is 2. From
the end behavior, we can tell that the leading
coefficient must be positive. Thus, the function

is f(x)=(x+1)(x=3)*.
£(0)=(0+1)(0-3)* =9

The x-intercepts of the graph are —2 and 1, so
they are the zeros. Since the graph crosses the
x-axis at —2, it has odd multiplicity. Since the
graph touches the x-axis and turns around at 1, it
has even multiplicity.

Since the graph has two turning points, the
function must be at least of degree 3. Since —2
and 1 are the zeros, x+2 and x—1 are factors
of the function. The lowest odd multiplicity is
1, and the lowest even multiplicity is 2. From
the end behavior, we can tell that the leading
coefficient must be positive. Thus, the function

is f(x)=(x+2)(x=1)*.
c. f(0)=(0+2)(0-1)*=2

The x-intercepts of the graph are —3 and 2, so
they are the zeros. Since the graph touches the
x-axis and turns around at both =3 and 2, both
have even multiplicity.

Since the graph has three turning points, the
function must be at least of degree 4. Since —3
and 2 are the zeros, x+3 and x—2 are factors
of the function. The lowest even multiplicity is
2. From the end behavior, we can tell that the
leading coefficient must be negative. Thus, the

function is £ (x)=—(x+3)* (x=2)*.

£(0)==(0+3)*(0-2)* =-36
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70. a.

b.
c.
71. a.
b.
c.
72. a.
b.

296

The x-intercepts of the graph are —1 and 4, so 73.

they are the zeros. Since the graph touches the
x-axis and turns around at both —1 and 4, both
have even multiplicity.

Since the graph has two turning points, the
function must be at least of degree 3. Since —1
and 4 are the zeros, x+1 and x—4 are factors
of the function. The lowest even multiplicity is
2. From the end behavior, we can tell that the
leading coefficient must be negative. Thus, the

function is f (x)=—(x+1)" (x—4)°.

£(0)==(0+1)* (0-4)* =-16

The x-intercepts of the graph are -2, —1, and
1, so they are the zeros. Since the graph crosses
the x-axis at —1 and 1, they both have odd
multiplicity. Since the graph touches the x-axis
and turns around at -2, it has even multiplicity.

Since the graph has five turning points, the
function must be at least of degree 6. Since -2,
—1, and 1 are the zeros, x+2, x+1,and x—1
are factors of the function. The lowest even
multiplicity is 2, and the lowest odd multiplicity
is 1. However, to reach degree 6, one of the odd
multiplicities must be 3. From the end
behavior, we can tell that the leading coefficient
must be positive. The function is

f(x)=(x+2)2(x+1)(x—1)3,
£(0)=(0+2)* (0+1)(0-1)* =—4

The x-intercepts of the graph are -2, —1, and
1, so they are the zeros. Since the graph crosses
the x-axis at —2 and 1, they both have odd
multiplicity. Since the graph touches the x-axis

and turns around at —1, it has even multiplicity. 75.

Since the graph has five turning points, the
function must be at least of degree 6. Since -2,
—1, and 1 are the zeros, x+2, x+1,and x—1
are factors of the function. The lowest even
multiplicity is 2, and the lowest odd multiplicity
is 1. However, to reach degree 6, one of the odd
multiplicities must be 3. From the end
behavior, we can tell that the leading coefficient
must be positive. The function is

F(x)=(x+2)(x+1) (x=1) .

£(0)=(0+2)(0+1)*(0-1)* =2

74.

®

£(x)=0.76x> —30x% —882x +37,807
£(40) = 0.76(40)° —30(40)* —882(40) + 37807
=3167
The world tiger population in 2010 (40 years
after 1970) was about 3167.
This is represented by the point (40,3167).

This underestimates the actual data shown in the
bar graph by 33.

The leading coefficient is positive, thus the
graph rises to the right.

No, if conservation efforts fail, the model will
not be useful. The model indicates an
increasing world tiger population that will
actually decrease without conservation efforts.

£(x)=0.76x> —30x% —882x +37,807
£(10) =0.76(10)> —30(10)> —882(10) +37,807
= 7

The world tiger population in 1980 (10 years
after 1970) was about 26,747.
This is represented by the point (10, 26,747).

This underestimates the actual data shown in the
bar graph by 1253.

The leading coefficient is positive, thus the
graph rises to the right.

Yes, if conservation efforts succeed, the model
will be useful. The model indicates an
increasing world tiger population that might
actually increase with conservation efforts.

Since the degree of g is odd and the leading
coefficient is negative, the graph rises to the
right. Based on the end behavior, the function
will be a useful model over an extended period
of time.

The woman’s heart rate was increasing from 1
through 4 minutes and from 8 through 10
minutes.

The woman’s heart rate was decreasing from 4
through 8 minutes and from 10 through 12
minutes.

There were 3 turning points during the 12
minutes.

Since there were 3 turning points, a polynomial
of degree 4 would provide the best fit.

The leading coefficient should be negative. The
graph falls to the left and to the right.
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76.

f. The woman’s heart rate reached a maximum of

about 116t1 beats per minute. This occurred
after 10 minutes.

g. The woman’s heart rate reached a minimum of
about 641 beats per minute. This occurred
after 8 minutes.

a. The average price per gallon in January was
increasing from 2005 to 2006, 2007 to 2008,
and 2009 to 2011.

b. The average price per gallon in January was
decreasing from 2006 to 2007, and 2008 to
2009.

c. 4 turning points are shown in the graph.

d. Since there are 4 turning points, the degree of
the polynomial function of best fit would be 5

e. The leading coefficient would be positive
because the graph falls to the left and rises to
the right.

f. The maximum average January price per gallon

was about $3.15. This occurred in 2011.

g. The minimum average January price per gallon
was about $1.85. This occurred in 2009.

77.-93. Answers will vary.

NORMAL FLOAT AUTO REAL RADIAN MP n

250

94.

95s.

NORMAL FLOAT AUTO REAL RADIAN MP n
S

|
i

96.

97.

98.

99.

100.

101.

102.

103.

104.

Section 2.3 Polynomial Functions and Their Graphs

NORMAL FLOAT AUTO REAL RADIAN MP n

A

—

NORMAL FLOAT AUTO REAL RADIAN MP n

NORMAL FLOAT AUTO REAL RADIAN MP n

wav/a
L

NORMAL FLOAT AUTO REAL RADIAN MP n

N
-10

=

makes sense

does not make sense; Explanations will vary.
Sample explanation: Since (x+2) is raised to an

odd power, the graph crosses the x-axis at —2.

does not make sense; Explanations will vary.
Sample explanation: A forth degree function has at
most 3 turning points.

makes sense

false; Changes to make the statement true will vary.
A sample change is: f(x) falls to the left and rises to
the right.
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105. false; Changes to make the statement true will vary.

A sample change is: Such a function falls to the
right and will eventually have negative values.

106. true

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

A sample change is: A function with origin
symmetry either falls to the left and rises to the
right, or rises to the left and falls to the right.

108. f(x)=x"+x>—12x
109. fix) =x"—2x°
110. Let x = the number of years after 1995.
315-13x=29
—13x=-286
—286
x=——
-13
x=22

Juries will render 29 death sentences 22 years after
1995, or 2017.

2x—323_x 1

4 "4 2
4(2x_3]z4(3—x+l]
4 4 2
2x—-323x+2
-52x
x<-=5
The solution set is {x|x <=5} or (—eo,—5].

-
<

111.

1= =

3-(=5) _ 8 _

112. m= =
—-10-(-2) -8

so the slope is —1.

>

Using the point (—10, 3), we get the following point-
slope equation:
Y=y =m(x—x)

y=3=—I[x—(-10)]

y=3=—(x+10)
Solve the equation for y to find the slope-intercept
form:
y=3=—=(x+10)
y=3=-x-10
y=—x-7.

113. E=35+£ or 35£.
21 21 21

114. 6x° —x*> —5x+4
115. 2x° —x? —11x+ 6= (x—3)(2x° +3x-2)
=(x-3)2x-1)(x+2)

Section 2.4

Check Point Exercises

x+5
1. x+9jx2+14x+45
x% +9x
5x+45
5x+45
0
The answer is x + 5.
2x% +3x -2
2. x—3>2x3 —3x2 —11x+7
2x° —6x°
3x2 —11x
3x% —0x
—2x+7
—2x+6
1
The answer is 2x> +3x -2+
x—3
23 +7x+14
3. x2—2x>2x4+3x3+0x2—7x—10
2xt — 43
7x3 +Ox2
7x3 —14x>
14x% —7x
14x> —28x
21x-10
The answer is 2x” +7x + 14+ 212x—10 .
x°=2x
4. -2 1 0 -7 -6
-2 4 6

The answer is x> —2x—3.
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8. -5;4;,0;, -8; 2

9. true
10. f(c¢)
11. x—c

Exercise Set 2.4

x+3

1. x+5 x> +8x+15

x2+5x
3x+15
3x+15
0

The answer is x+3.

5. 4 3 4 -5 3 2. x+5
—2)x* +3x-10
12 32 -108 e, T
x° —2x
3 -8 27 -105 5x-10
fi-4)=-105 2=l
The answer is x + 5.
6. -1 15 14 -3 -2
151 2 5
x° +3x+1
15 -1 -2 0 3. x+2)x3+5x2+7x+2
155> —x-2=0 X +2x%
Bx+D(x-2)=0 3x% +7x
x=—l or x=E 3x% +6x
3 5 x+2
12 x+2
The solution set is {—1,—§,§}. 0
The answer is x> +3x+1.
Concept and Vocabulary Check 2.4 X’ +x-2
4. x—3>x3—2x2—5x+6
1. 2xX°+0x? +6x—4 x> —3x?
2
x°—5x
2. 6x3; 3x; 2x2; 7x? x* —3x
—2x+6
3. 2x2; 5x=2; 10x3—4x2; 10x° +6x2 —2x_+(6)
5 5 The answer is x” +x—2.
4. 6x"—10x; 6x" +8x; 18x; —4; 18x—4
2x% +3x+5
5.0 3x=5; 0 3x—S+o— 5. 3x—1>6x3+7x2+12x—5
6x° —2x7
6. divisor; quotient; remainder; dividend 9x% +12x
9x% —3x
7. 4;1;5, -7;1 15x-5
15x-5
0

The answer is 2x2 +3x +5.

2x% +3x+5

6. 3x+4)6x3 1752 +27x+20
6)c3 + 8x2
9x2 +27x

9x? +12x
15x+20
15x+20
0

The answer is 2x2 +3x +5.
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4x+3+

7 3x—2j12x2+x—4

12x% —8x
9x—4
9x—6
2

3x-2

The answer is 4x+3+ .
3x-2

8.
2x—-3+ 3
2x—1

2x—1j4x2—8x+6

4x2—2x
—6x+6
—6x+6

3

The answer is 2x—3+

2x—1

2x% +x+6— 38
x+3

9. x+3>2x3+7x2+9x—20
2x3+6x2
x2+9x
x2+3x
ox—20
6x+18
38

The answer is 2x> + x +6— 38

11.

12.

13.

x+3

10. 26

xX—

3x+7+

x=3)3x2 = 2x+5

3x% —9x
Tx+5
Tx-21
26
The answer is 3x+7+ 26 .
x—

300

14.

984

x—4

4x3 +16x2 +60x +246 +

x—4)ax* —4x? +6x
4 3

4x" —16x
16x° — 4x?
16x° — 64x>
60x> + 6x

60x> — 240x
246x

246x — 984

984

The answer is

4x3 +16x% +60x + 246 + 982 .

xX—

x> +3x% +9x+27
-81

x—3>x4
348
3x°
3x% —9x?
9x?
9x? —27x
27x-81
27x-81
0

The answer is x> +3x2 +9x +27.

2x+5

352 —x—3>6x3 1352 —11x—15
6x3 —2x2 —6x

15x% —5x—15

15x% —5x—15

0

The answer is 2x+5.

2

x“+x-3
x2+x—2>x4+2x3—4x2—5x_6
x4 —2x?
x> —2x? —5x
4 x?—2x
-3x* -3x-6
x> —3x+6
-12
The answer is x2+x—3—2L_
X" +x-2
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6x2 +3x—1
15. 3:2 +l>l8x4 +9x3 4352
18x* + 6x2

9x> —3x2

9x3 +3x
—3x% - 3x
—3x2 -1

—3x+1

3x-1

The answer is 6x> +3x—1— 5 .
3x°+1

16. x2 —4x+1

2% + l>2x5 —8x* +2x + 27
2x° +x°
—8x* +2x°
—8x* —4x
2x3 +4x
2x° +1
4x—1

4x—1

The answer is x> —4x+1+ .
2x” +1

17. (2% +x-10)+(x-2)
2 2 1 -10
410
2 5 0

The answer is 2x+5 .

18. (x2 +x—2)+(x—1)

The answer is x + 2.

19. (357 +7x=20)+(x+5)

-5 3 7 -20

-15 40
3 -8 20

20
x+5

The answer is 3x—8+

Section 2.4 Dividing Polynomials; Remainder and Factor Theorems

20.

21.

22.

23.

24,

(597 —12x-8)+(x+3)

-3 5 12 -8

-15 81
5 27 73
The answer is 5x—27+ 73 .
x+3

(4 =37 +3x 1)+ (x-1)

The answer is 4x> +x+4+i1 .
X—

(SJC3 —6x° +3x+11)+(x—2)

A5—6311

10 8 22
5 4 11 33

The answer is 5x> +4x+11+ 332.
X—

(6)65 —2x3 +4x? —3x+1)+(x—2)

2 6 0o 2 4 3 1

12 24 44 96 186
6 1222 48 93 187

The answer is

6x* +1233 + 2202 +48x +93 4+ 5L

X—

(xs +4x* —3x2 +2x+3)+(x—3)

3 21 63 180 546

1 7 21 60 182 549
The answer is

¥+ 70 +21x% +60x +182+ 5493.
o
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25, (¥ —5x=50 45t )+ (5+x) =
(x4—5x3+x2—5x)+(x+5)
s s 1 50
5 50 -255 1300
1 -10 51 260 1300

The answer is

1300
x+5°

x> —10x% +51x — 260+

26. (x2 —6x—6x" +x4)+(6+x) =

(x4 —6x° +x7 —6x)+(x+6)

-6 1 -6 1 -6 0

-6 72 438 2664
1 -12 73 444 2664
The answer is x° —12x% +73x— 444 + 2664,
x+6
5,3
27, XX 2
x—1

1 1 0 1 0 0 -2

1 1 2 2 2
1 1 2 2 2 0

The answer is x* + x> +2x% +2x+2. .

X +x° —10x° +12
x+2

2|1 0 1 0 -10 0 0 12

-2 4 -10 20 -20 40 -80

28.

1 -2 5 —-10 10 20 40 -68
The answer is x® —2x° +5x* —10x> +10x2

—20x+ 40— 68 .
x+2

4 1 0 0 0 256

4 16 64 256
1 4 16 64 0

The answer is x> +4x> +16x + 64 .

31.

32.

33.

34.

3s.

2 1 0o 0 0 0 O

2 4 8 16 32

0 -128

64

1 2 4 8 16 32 64
The answer is
x8 +2%° +4x* +8x° +16x% +32x +64.
2% =3t + 3 —x? 4 2x -1
x+2
-2 2 -3 1 -1 2 -1
—4 14 30 62 -128
2 -7 15 31 64 -129
The answer is
2% 76 4152 — 31+ 6412,
x+2
X —2x4—x3 +3x2 —x+1
x=2
2 1 B | 3 -1 1
2 0 -2 2 2
1 0 -1 1 1 3
The answer is x* —x% +x+1+
x=2

f(x)=2x° -11x% +7x-5
4 2 -1 7 -5

8 —12 —20

2 3 -5 25
f(4)=-25

31 -7 5 -6

3 -12 -21

1 -4 -7 -27
7(3)=-27

f(x)=3x3—7x2—2x+5
313 7 2 5

~9 48 -138
3 16 46 —133
f(-3)=-133
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37.

38.

39.

40.

41.

2] 4 5 -6 —4

-8 6 0
4 3 0 -4
f(-2)=-4

f(x)=x4+5x3+5x2—5x—6
315 5 -5 -6
3 24 87 246
1 8 29 82 240

£(3)=240

201 =5 5 5 =6

2 6 2 6
I 3 -1 3 0
f(2)=0

1
202 -5 -1 3 2

-1 3 -1 -1
2 6 2 2 1
1) _

f(=3)=1

—%610 5 1 1

2 2

4 4 -5 -5

1 7

6 6 1 1 I
2\_1
f(_§)_9

Dividend: x> —4x2+x+6
Divisor: x + 1

The quotient is x2 —5x+6.
(x+1)(x> —5x+6)=0
x+DEx-2)x-3)=0
x=-1,x=2,x=3
The solution set is {-1, 2, 3}.

Section 2.4 Dividing Polynomials; Remainder and Factor Theorems

42.

43.

44.

Dividend: x> —2x% —x+2
Divisor: x+1

-1 1 2 -1 2

-1 3 2
1 3 2 0

The quotient is X2 =3x+2.
(x+1)(x* =3x+2)=0
x+DHEx-2)x-1)=0
x=-1,x=2,x=1
The solution set is {1, 2, 1}.

233 —5x% +x+2=0
2 2 -5 1 2

2 -1 -1 0

(x-2)2x> —x-1)=0
(x—2)2x+ Dx—1)=0

x=2, xz—l,xZI
2

The solution set is {—%, 1, 2} .

223 —3x2 —11x+6=0

22 3 -11 6

4 14 -6

2 -7 3 0

(x+2)(2x* =Tx+3)=0
(x+2)(2x-1)(x=3)=0

x=-2, x=—,x=3

N | —

The solution set is {—2, %, 3}.
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45. 12x° +16x% =5x-3=0 48.  The graph indicates that ~3 is a solution to the
equation.
3,12 16 -5 -3 =32 1 -13 6
? -6 15 -6
—-18 3 3 27 5 2 0
12 -2 2 0 The remainder is 0, so —3 is a solution.

231252~ 2x-2)= 0 227 +x% =13x+6=0
Y h (x+3)(227 ~5x+2) =0

3)(2x—1)(x—-2)=0
(x+%]2(6x2—x—1)=0 (r+3)(2x-1)(x=2)
3 The solutions are -3, %,and 2, 0or {—3,%,2}.
( +Ej2(3x+l)(2x—l)=0

49. The table indicates that 1 is a solution to the

3 1
X=——,X=—7,X=— equation.
2 3 23 o 6 -11 6 -1
The solution setis {——, ——, —¢. 6 -5 1
2 32 -
6 -5 1 0
46. 30 +7x2—22x—8=0 The remainder is 0, so 1 is a solution.
6x> —11x? +6x-1=0
L3 7 ;8 (x=1)(6x7 =5x+1)=0

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

3 6 24 0

The solutions are 1, l , and l , or 1 1 .
3 2 3’ 2

1), > B
(x +§)3x T6x-24=0 50. The table indicates that 1 is a solution to the

1 equation.
(x+—j3(x+4)(x—2):0 12 11 -7 -6

3 2 13 -6
x=-4,x=2,x= —% 2 13 6 0

1 The remainder is 0, so 1 is a solution.
The solution set is {—4, 3 2}.

25 +11x2 =0
47. The graph indicates that 2 is a solution to the (x=1) (Zx + 13x + 6) =0
equation. (x=1)(2x+1)(x+6)=0
2l1 2 -5 -6
The solutions are 1, ——, and —6, or
2 8 6 2
14 3 0 {_6’_1’1}'
The remainder is 0, so 2 is a solution. 2

> +2x2—5x-6=0
(x=2)(x* +4x+3) =0
(x=2)(x+3)(x+1)=0
The solutions are 2, -3, and -1, or {-3,-1,2}.
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SLoa. 1453 _17x2 16x-177=0
3 14 -17 -16 -177
42 75 177

14 25 39 0
The remainder is 0 so 3 is a solution.
14x> —17x% —16x-177
= (x-3)(14x” +25x+59)

b r(x)=14x3 —17x> —16x+34
We need to find x when f(x)=211.

£ (x)=14x> =17x* —16x +34

211=14x> —17x* —16x+34

0=14x> =17x* —16x—177

This is the equation obtained in part a. One
solution is 3. It can be used to find other
solutions (if they exist).

14x* —17x2 =16x-177=0
(x=3)(142% +25x+59) =0
The polynomial 14x% +25x+59 cannot be

factored, so the only solution is x = 3. The
female moth’s abdominal width is 3

millimeters.
5. a. 20 2 14 0 -72
4 36 72
2 18 36 0
21 +1417 =72 = (h=2) (247 +18h-+36)
b. V =Iwh

=(h+7)(2h)(h)
72 =2k +14h*
0=2h> +14h* - 72
0=(h=2)(2h*+18h+36)
0=(h-2)(2(r* +9h+18))
2)(2(h+6)(h+3))
J(h+6)(h+3)
h+6=0 h+3=0

2
0
0 h=<6 h==3
2

0=(h-

0=2(h-
2(h-2)
h—

2
h
The height is 2 inches, the width is 2-2 =4
inches and the length is 2+7 =9 inches.

The dimensions are 2 inches by 4 inches by
9 inches.
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53. A=1I-w so

A 0.5x° —0.3x% +0.22x+0.06
w x+0.2

-0.2] 0.5 -03 0.22 0.06
-0.1 0.08 -0.06
05 -04 03 0
Therefore, the length of the rectangle is
0.5x% —0.4x+0.3 units.

54. A=1[-w so,
A 8%’ —6x* —5x+3

l=—
W o+
4
_3 6 -
7 6 5 3
-6 9 3
8§ 12 4 0

Therefore, the length of the rectangle is
8x? ~12x+4 units.

55. a. _
£030)= 80(30)-8000 _
30-110
(30, 70) At a 30% tax rate, the government tax
revenue will be $70 ten billion.
b. 110 | 80 -8000
8800
80 800
800
=80+
T
30) =80+ =
S 80-110

(30, 70) same answer as in a.

¢. f(x)isnot a polynomial function. It is a rational
function because it is the quotient of two linear
polynomials.

80(40) —8000
40-110

56. a.  f(40)= = 68.57

(40, 68.57) Ata 40% tax rate, the government’s
revenue is $68.57 ten billion.
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b.
110 80 -8000
8800
80 800
800
=80+
S(x) _8%) %)0
40) =80+
/(40) 40-110
=68.57

f(x) is not a polynomial function. It is a rational
function because it is the quotient of two linear
polynomials.

57.—65. Answers will vary.

66.

67.
68.

69.

70.

71.
72.
73.

306

does not make sense; Explanations will vary.
Sample explanation: The division must account for

3

the zero coefficients on the x4, X, x> and x terms.

makes sense

does not make sense; Explanations will vary.
Sample explanation: The remainder theorem
provides an alternative method for evaluating a
function at a given value.

does not make sense; Explanations will vary.
Sample explanation: The zeros of fare the same as
the solutions of f(x)=0.

false; Changes to make the statement true will vary.
A sample change is: The degree of the quotient is 3,

. x6 3
simce —3 =X .
X
true
true

false; Changes to make the statement true will vary.
A sample change is: The divisor is a factor of the
divided only if the remainder is the whole number 0.

5x2+2x—4
4x+3)20x3 +232% —10x+k
20x> +15x2
8x* 10
8x” +6x
—l6x+k
—16x—12
To get a remainder of zero, k must
equal —12.
k=-12

75.

77.

78.

S =d(x)-q(x)+r(x)

237 —Tx+9=d(x)(2x—-3)+3
2x% —Tx+6=d(x)(2x—3)
237 —Tx+6=d(x)

2x-3
x—2
2x—3j2x2—7x+6
2x2—3x
—-4x+6
—4x+6

xT—x"+1

X" +1)x" +1
x3n+x2n
_x2n

_x2n X"

x"+1

x"+1

0
2x—4=2(x-2)

Use synthetic division to divide by x — 2. Then divide
the quotient by 2.

xt—4x* —9x? +16x+20=0
51 -4 -9 16 20
5 5 =20 -20
1 1 -4 -4 0
The remainder is zero and 5 is a solution to the
equation.
x* —4x3 —9x? +16x+20
=(x— 5)(x +x2—4x— 4)
To solve the equation, we set it equal to zero and
factor.

(x— 5)(x +x% —4x— 4)
(x—S)(x (x+1)- x+l))
(x 5) x+l (x —4)
(x—S)(x+1)(x+2)(x 2)
Apply the zero product principle.

0
0
0
=0

x=5=0 x+1=0
x=5 x=-1
x+2=0 x=2=0
x==-2 x=2
The solutions are —2, —1, 2 and 5 and the solution

set is {-2,-1,2,5].
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79. The graph of y = f(x) is shifted 1 unit left, stretched 82. X +4x—-1=0
by a factor of 2, reflected about the x-axis, then T
shifted down 3 units. g ZbEND —dac
y 2
15 —(4)£(4)? —4(1)(-1
1y AL ERC) Jar s
L N4 G 2(1)
< X A+
(-5, _3)\/ 3, -3) x=4——m
2
(=3,-1D ha = —4i2\/§
=2+
80. a. (fog)(x):f(g(x)) X 2_\/§ \/7
. AP
:2(2x2—x+5)—3 The solution set is { 2+ 5}.
=4x" -2x+10-3

83. X’ +4x+6=0

=4x"-2x+7 —bim
b.  (gof))=g(f(%) 2

=2(20-3) —(2x=3)+5 —(4)ij(4)2—4(1)(6)

=2(4x* —12x+9)—2x+3+5 —41\/32(1)

=8x’ —24x+18—-2x+3+5 x=——

=8x> —26x+26 —4+2i\2

c. (gOf)(x)=8x2—26x+26 x:—Zi?x/E
(gof)()=8(1)"-26(1)+26 The solution set is {—Ziiﬁ}.
=8-26+26
=8 84. f(x)=a,(x*-3x*-4)
J@)=-150
~10
81. f(x)= ;10 a,((3)* =3(3)" -4) =-150

Replace f(x) withy: a, (81-27-4)=-150
10 a, (5 ) —150
X—

Cx+10
Interchange x and y:
_y-10
" y+10
Solve for y:
_y-10
Cy+10
x(y+10)=y-10
xy+10x=y-10

-
Il

xy—y=-10x-10
y(x—1)=-10x-10

 —10x-10
x—1
Replace y with f7'(x):
o Z10x-10
ff)=——-
x—1
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Section 2.5
Check Point Exercises

1.

I+

2,

I+

3,

I+

: 6

1,
1

Qg
H

1, £2,

I+

3,

I+

6

Q|

are the possible rational zeros.

I+ |+
H
I+

4

)
[T

1, £3
1, £2,
I, £3,

I+

+ J_ré,J_r
2

AW

1 1
2 b 4 b
are the possible rational zeros.

< |
I+

3. t1, £2, +4, £5, £10, £20 are possible rational

Zeros
g 18 11 =0
1 9 20
1 9 20 0
1 is a zero.
x> +9x+20=0

(x+4)(x+5)=0
x=-4 or x=-5

The zeros are —5, —4, and 1.

4. £1, £2 are possible rational zeros

2 is a zero.
x> +3x+1=0

= —bi\/b2 —4ac

2a

31432 —4()()
e 21

3445

2

335 3+45
and ..

The zeros are 2, ,
2 2

+1, +13 are possible rational zeros.
16 2 30 13
1 -5 17 -13

1 -5 17 -13 0

1 is a zero.

1 —4 13 0
1 is a double root.

x*—4x+13=0
4+16-52 4+/-36 .

The solution set is{1, 2 — 37, 2 + 3i}.

(x+3)(x—i)(x+i) = (x+3)(x> +1)

f(x)=a,(x+3)(x*+1)
f()=a,1+3)(1% +1)=8a, =8
a, =1

S(0) = (x+3)(x* +1)

f(x)=x3+3x2+x+3

Fx)=x*—14x° +71x2 —154x+120

F(=x)=x* +14x° +71x% +154x+120

Since f{x) has 4 changes of sign, there are 4, 2, or 0
positive real zeros.

Since f{—x) has no changes of sign, there are no
negative real zeros.

Concept and Vocabulary Check 2.5

1.

ag, ay
true

false

a—bi
—6; (x+6)2x>—x-1)=0
n; 1

false
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9. true 8. /()= ds —8xt —xs2
)
10. true P iis 44
Poipag+t 4l
Exercise Set 2.5 q 2 4
2
1. f(x)=x>+x*—4x—4 9. f(x)=x>+x*>—-4x-4
+1,+2, +
5*11 2 a. p:+l +2, +4
Py, 42 +4 g:tl
K L.y, 42, +4
q
2. f(x)=x>+3x>—6x-8 b. A o 4 4
p:tl,x2,+4 +8
q:=*l ) 6 4
Py, 42,44 +8 s . o
! 2 is a zero.

4 3, 2,-2,—1 are rational zeros.
3. f(x)=3x"—-11lx"—x"+19x+6

p:ilai23i3,:t6 C. x3+x2—4x—4=0
q: £1,+3 (x=2)(x* +3x+2)=0
P49 4346 i (x=2)(x+2)(x+1)=0
q — =Ly =TI — 3—33—3

x=2=0x+2=0x+1=0
x=2,x=-2,x=-1

_n.4 3 _ 2
4 S() =207 4307~ —9x 413 The solution set is {2, -2, —1}.

pi £l +3, +5 15

q: £1,£2 Coa s s 10. a.  f(x)=x—2x—11x+12
Popr 2345015227 22 2 piEL 22,53, 4, 26, £12
B 272722

q: =1

Loy 42,43, +4,+6,+
5. f(x)=4x4—x3+5x2—2x—6 121, £2,43,44, 46,212

q
p: £, £2, 43 46 ~ 3
g: +1,42, +4 b. 4 1 2 11 12
Doyl 42,43, 46,40 41 43 43 4 8 I
4 3 ) 4 is a zero.
6. f(x)=3x"—11x"—3x"-6x+8 4,-3, 1 are rational zeros.
piEl, 42, +4, 48
g: 1,43 . X -2x’-11x+12=0
2
Popy12,44,48 20 2 47 48 (x—4) (+* +2x-3)=0
4 377373773 (x—4) (x+3)(x— 1) 0
x=4, x=-3, x=1
7. f(x)= Yot o713 17 —12x-12 The solution set is{4, -3, 1}.
p:xl,£2,£3+4 16 £12 3 2
q:*l 11. f(x)=2x"-3x"-11x+6
p

tkl, 22,23 +4+6 £12
a.

< |
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b. 3 2 3 11 6 .  x243x—6=0
6 9 6 x_—bi\/b2—4ac

2 3 =2 0 fa—
3 is a zero. Pt 3% —4(1)(-6)

2(1)

3 ! -2 tional
s E’ are rational zeros. ~ _3i\/§

2
.  2xX°-3x%-11x+6=0
(x=3)2x*> +3x-2)=0
(x=3)2x-D(x+2)=0

| —3+«/§ —3—@}

The solution set is —1,
2 2

1
x=3,x=2,x==2 14. a.  f(x)=2x"+x*-3x+1
| p: £l
The solution set is {3, > —2}. q:+1,+2
3 2 Eil,il
12. a.  f(x)=2x"-5x"+x+2 q 2
p: £, 2 1
g £1, 2 b |2 1 3 1
Pty 4o+l
q 2 1 1 -1
b. 2 2 -5 1 2 2 2 -2 0
_ _ 1. .
4 2 2 5 is a rational zero.
2 -1 -1 0
2 is a zero. c. 232 +2x-2=0
2,—%,1 are rational zeros. 2 4+x-1=0

o= —bi\/b2 —4ac
. 2 -5x2+x+2=0 2
(x—2) (2x2 —x—1) =0 - —1+4/1% —4(1)(=1)

(x=2) 2x+D)(x-1)=0 2(1)
x=2, x=——, x=1 =_li\/§
2 2
. . 1 _ _1—
The solution set 15{2,—5,1}. The solution set is l, 1+\/§, ! \/g .
2 2 2
_.3 2 _a._
13. a.  f(x)=x"+4x"-3x-6 15. a  f(x)=2x3 +6x% +5x42
p:£1,£2, 43, +6
T p:£l,£2
q: q:+1,+2
p.
;,il,iz,i3,i6 £:il,i2,il
q 2
b, 1 | 4 3 6 b. -2 2 6 5 2
-1 3 6 I
) 3 6 0 2 2 1 0

—1 is a rational zero -2 is a rational zero.
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c.  2x2+2x+1=0

o= —bi\/b2 —4dac

2
o 24422 - 4(2)(1)
2(2)
_ —2J_r\/ﬁ
4.

18.
242
14
2
The solution set is —Z,ﬂ, —1-i .
2 2
16. a. f(x)=x—4x*+8x-5
p:£1, %5
q: =1
Py 45
q
b. 1 1 -4 8 -5
1 -3 5
1 -3 5 0
1 is a rational zero.
. x>-3x+5=0 19.

L ~bENb? ~dac
2a

I e E G Mt V)
2(1)
3411

2
3+l

2

The solution set is {1,

3411 3—iJﬁ}
2 7 '

2

17. X =2x*>—11x+12=0

a. piEl £2, 43, +4 46, £12
q:tl
Py 42,43 44, +6,+12
q
b. 4 1 2 11 12
4 8 -I2
1 2 3 0

4 is a root.
-3, 1, 4 are rational roots.
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. xX-2x2-1lx+12
(x—4)(x* +2x-3)=0
(x4 (x+3)(x-D=0
x—4=0 x+3=0 x—-1=0
x=4 x=-3 x=1

The solution set is {-3, 1, 4}.

a. x> -2x*—Tx-4=0

prxl,£2, 44
q: =1
Poy1,42,+4
q
b. 4 1 2 -7 -4
4 8 4
1 2 1 0
4 is a root.

—1, 4 are rational roots.

€. X H2x2-Tx-4=0
(x—4) (x2+2x+1)=0
(x—4)  (x+1)?
x =4, x=-1
The solution set is {4,—1}.

¥ —10x-12=0
a. pitl £2, 43 +4 +6 +12
q:txl
Py 42, 43 44, +6,+12
q
b. 2 10 -10 -12
2 412

-2 is a rational root.

¢. x—10x—12=0
(x+2)(x*> —2x-6)=0

L 2tV4+24 228
2

2
+
zz—jﬁzliﬁ
The solution set is {—2, 1+\/7, 1—\/7}.
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20. a.

x> =5x2 +17x=13=0
p:£1,+13
q: £1

P41 413
q

1 is a rational root.

X =5x2 +17x—13=0
(x—1) (x2—4x+13)=0

L 4tV16-52 _ 4x-36

The solution set is {1, 2+ 3i, 2,-3i}.

21. 6x° +25x2 —24x+5=0

22. a.

312

piElL £5
g:+1,+2, 43,46
Pognas et 22 p1 03 4143
q 272737376 6
5| 6 25 24 5

30 25 -5

6 5 1 0
-5 is aroot.

11 .
—5, —, — are rational roots.
2°3

6x° +25x> —24x+5=0
(x+5)(6x* =5x+1)=0
(x+5)2x-1)Bx—-1)=0

x+5=02x-1=03x-1=0
1

53

x==5 x= 1
3
. . 11
The solution set is {—5, =, —}.
2°3

X =

2x3 —5x* —6x+4=0

pi£l, £2,+4
q:+1,£2

Py 42444t
q 2

23.

C.

| =

1. .
5 is a rational root.

233 —5x2 —6x+4=0
1 ) ~
(x=3) (2x —4x—8)—0

2(x—%j(x2—2x—4)20

+
2—22*6:11\5

The solution set is {%, 1+\/§,1—\/§}.

2% 5% +8x+4=0

o
—_ N
I+
\.N
I+
S

QR T
-+
H+
o
-+
N

b
P
|
[\S]
|
o)
%)
N

2 is a root.
—2,2 are rational roots.

¥ =23 —5x% +8x+4=0
(x=2)(x* =5x-2)=0

—2isazero of x3—5x-2=0.

(x—2)(x+2)(x2—2x—1)20
o 2+4+4 _2+\8 2422

e

The solution set is

[-2.2,142,1-42}.
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24, a. x*-2x*—16x-15=0
p:£1, 43,45, £15
q: =1

Py, 4345415
q

b. 3 1 0 -2 -16 -15

1 3 7 5 0

3 is a root.
—1,3 are rational roots.

. x*-2x2-16x-15=0
(x—3)(x3+3x2+7x+5)=0

—lisarootof x> +3x*+7x+5

(x-3) (x+1) (x2+2x+5)

L 22V4-20 22416

T2

244i”
el P ¥

2
The solution set is {3, -1, —1+2i, —=1-2i}.

25. (x=1) (x+5i) (x=5i)
=(x-1) (x2 +25)
=x>+25x—x*-25
=x> —x?+25x-25
f(x)=a, (x3 —x? +25x—25)
f(=)=a,(-1-1-25-25)
-104 = a, (-52)
a, =2
f(x)zz(x3 . +25x—25)

F(x)=2x> —2x2 +50x—50

26.

27.

28.

Section 2.5 Zeros of Polynomial Functions

(x—4) (x+20) (x—2i)

=(x-4) (x2 +4)

=x>—4x? +4x-16
f(x)=an(x3—4x2+4x—16)

f(-D=a,(-1-4-4-16)
~50 = a, (-25)

a, =2

f(x)=2(x3 —4x° +4x—16)
F(x)=2x>—8x% +8x-32

(x+5)(x—4-3i)(x—4+3i)
=(x+5)(x2—4x+3ix—4x+16—12i
—3ix+12i—9i2)
=()c+5)()c2 —8x+25)
= (x3 —8x% +25x + 5% —40x+125)

= x> 3% —15x +125

F(x)=a, (x> —3x2 —15x+125)
f@)=a,(2-3(2)° -15(2) +125)
91=a,(91)

a, =1

S (x)=1(x* =3 ~15x+125)

f(x) =x> —3x? —15x+125

(x—=6) (x+5+2i) (x+5-2i)

=(x—6) (x2 +5x—2ix+5x+25—10i+2ix+10i—4i2)
= (x—6) (x2 +10x+29)

= x> +10x% +29x - 6x> —60x —174

=x° +4x% —31x—174

f(x)=a, (x3 +4x° —31x—174)

f(2)=a,(8+16-62-174)
—636 =a, (-212)
a,=3

fx)= 3(x3 +4x2 —31x—174)
F(x)=3x> +12x% —93x =522
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29, (x—i)(x+D)(x—3)(x+30)
=(x2 —1'2)(x2 —91'2)
=(x2 +1)(x2 +9)
=x* +10x% +9
f(x)=a,(x* +10x% +9)
FED=a, (D +10(-1)* +9)
20 = a, (20)
a, =1

f(x)=x4 +10x% +9

30, (x+2)(x+%j(x—i)(x+i)

:(xz +§x+l](x2 +1)

=x*+x? +§x3 +§x+x2+1
2 2

=x4 +§x3 +2x° +§x+l
2 2

f(x)=a, (x4 +§x3 +2x7 +§x+1j

f)=a, {(1)4 +§(1)3 +2(1)? +§(1)+1}
18=a,(9)

a, =2

f(x) :2( 4 +%x3 +2x7 +§x+l)

f(x)=2x4+5x3+4x2+5x+2

31, (x+2) (x—=5) (x—3+2i) (x—3-20)
=(x2 —3x—10)(x2 —3x—2ix—3x+9+6i+2ix—6i—4i2)
=( 2—3x—1o) (x2—6x+13)

=x* —6x+13x% =3x> +18x% —39x —10x> + 60x —130
=x*—oxd +21x2 +21x =130
f(x)=an(x4—9x3+21x2+21x—130)
f)=a,(1-9+21+21-130)

~96 = a,,(~96)

a, =1

_ .4 3 2

f(x)=x"—-9x" +21x" +21x—130
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32.

33.

34.

35.

36.

37.

38.

(x+4) Bx—1) (x—2+30) (x—2-3i)
=(3x2 +11x—4) (x2 —2x—3ix—2x+4+6i+3ix—6i—9i2)
=(3x2 +11x—4) (x2 —4x+13)
=3x* —12x3 +39x2 +11x° —44x? +143x —4x% +16x—52
=3x* —x3 —9x? +159x-52
fx)=a, (3x4 — X3 —9x? +159x—52)
f()=a,(3-1-9+159-52)
100 = a,, (100)
a, =1
F(x)=3x*—x* —9x? +159x—52

f()=x>+2x> +5x+4
Since f{x) has no sign variations,
no positive real roots exist.

f(=x)==x> +2x% ~5x+4

Since f{—x) has 3 sign variations,
3 or 1 negative real roots exist.

f(x)= ST +x+7

Since f{x) has no sign variations no positive real roots exist.
f(=x) =X +7x% —x+7

Since f{—x) has 3 sign variations, 3 or 1 negative real roots exist.

fx) = 5x =3x% +3x -1
Since f{x) has 3 sign variations, 3 or 1 positive real roots exist.

f(=x)= —5x3 —3x2 —3x—1
Since f{—x) has no sign variations, no negative real roots exist.

f(x)= 2 X7 —x+7
Since f(x) has 3 sign variations,
3 or 1 positive real roots exist.

f(—x)=2x3+x2+x+7

Since f{—x) has no sign variations,
no negative real roots exist.

f(x)= 20t 53 —x? —6x+4
Since f{x) has 2 sign variations, 2 or 0 positive real roots exist.
f(=x)= 23t +5x3 —x2 +6x+4

Since f{—x) has 2 sign variations, 2 or 0 negative real roots exist.

f(x)=4x* =} +5x* —2x-6

Since f{x) has 3 sign variations, 3 or 1 positive real roots exist.
F(=x)=4x* + x> +5x% +2x—6

Since f(x) has 1 sign variations, 1 negative real roots exist.
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39, f(x)=x—4x? —7x+10
pitl £2,+5 10
qg:tl
Pty 42, 45 +10

BN

Since f{x) has 2 sign variations, 0 or 2 positive real
Zeros exist.

f(=x) =—x° —4x* +7x+10

Since f{—x) has 1 sign variation, exactly one negative
real zeros exists.

j14—710

-2 12 -10
1 -6 5 0

-2 1is a zero.

S0 = +2)(x? —6x+5)
=(x+2)(x-5(x-1
x=-2,x=5x=1
The solution set is{-2, 5, 1}.

40. f(x)=x>+12x2 +2x+10
p:£1, 2, 45 +10
q: £1,

L.y 42+45+10
q

Since f{x) has no sign variations, no positive zeros
exist.

F(=x)=—x> +12x> =21x+10
Since f{—x) has 3 sign variations, 3 or 1 negative
Zeros exist.

-1 1 12 21 10

-1 -11 -10
1 11 10 0

—1 is a zero.

fx) = (x+1)(x2 +11x+10)
= (x+1)(x+10)(x +1)

x=-1,x=-10
The solution set is {—1,—10}.

41.

42.

2303 —x? —9x—4=0

1 positive real root exists.
f(=x)= —2x3—x* +9x—4 2 orno negative real
roots exist.

2

1 14417 1—\/ﬁ}

The solution set is < ——, ,
2 2

3x° —8x? —8x+8=0

prl, £2, 44 £8

q: %1, 43

Pyl 424448 40
q 3
Since f{x) has 2 sign variations, 2 or no positive real
roots exist.

,ig,ii,i
373

w | oo

F(=x)=-3x" —8x +8x+8
Since fi—x) has 1 sign changes, exactly 1 negative
real zero exists.

2 3 -8 -8 8
3

2 4 -8

3 6 -12 0

2.
— 1S a zero.
3

f(x)=(x—§ (3x2 —6x—12)

+ +
ML 32+144:6_2J§ 1445

The solution set is {%,14‘\/5,1—\/5}.
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43.

f(x)=x4—2x3+x2+12x+8
p:xl, £2, £4, £8
+1

(1, £2, £4, £8

SRS

Since f{x) has 2 sign changes, 0 or 2 positive roots
exist.

f=x)= (0% =2(=0) +(~x)? —12x+8
=x* 420 +x2 —12x+8

Since f{—x) has 2 sign changes, 0 or 2 negative roots
exist.

-1 1 2 1 12 8

-1 4 -8
1 -4 8 0
0=x% —4x+8
DD -40®)
201
Lo 4EW16-32
L AEN-T6
2
4+4i
x:
2
x=2%2i

The solution setis { —1, -1, 2 + 2i, 2 — 2i}.

44. f(x)=x"—4x> = x> +14x+10

p: £1,£2,+5,+10
q: %1
p

= 1, +2, £5,£10
q

1 -5 4 10 0

45.

Section 2.5 Zeros of Polynomial Functions

F(x)=(x-D(x=D(x* —6x+10)
. ~(=6)£+/(=6)> —4(1)(10)

2(1)
L 6%/36-40
61&

x=1

xX=

The solution set is {-1,3 -7, 3 + i}

x*—3x3 —20x* —24x-8=0
pitl +2, +4 48
¥

=

_
H+

-+

2,+4 +8

Q| S

1 positive real root exists.
3 or 1 negative real roots exist.

ﬂ 1 -3 20 24 -8

-1 4 16 8
1 4 -16 -8 0

(x+1) (x3—4x2—16x—8)=0

(x+l)(x+2)(x2—6x—4)=O
L_6£36+16 _ 6£4/52
2
~ 612\/T§ 32413

2 2
The solution set is

{-1,-2,3+413,3-413}.
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46. X' - +2x? —4x-8=0
p:xl,£2, +4 +8
q: =1
Py +2+448
q
1 negative real root exists.

-8
-1 2 —4 8
1 -2 4 -8 0

2 0 8
1 0 4 0
x+1)  (x=2) (x2+4)
x+1=0 x-2=0 x*>+4=0
x=-1 x=2 x2=—4
x=%2i

The solution set is {-1, 2, 2i, —2i}.

47, f(x)=3x* 112 =x? +19x+6
p:xl,£2,£3,£6
qg:tl1, £3

tE] 2,43, 26,1, &

Q|
W | o

1
3 2
2 or no positive real zeros exists.

F=x)=3x*+11x° =x* —19x+6
2 or no negative real zeros exist.

j3711 119 6

-3 14 -13 -6

3 -14 13 6 0

fx)= (x+1)(3x3 ~14x% +13x+ 6)

48.

fx)= (x+1)(x—2)(3x2 —8x—3)
= (x+)(x=2)3x+1)(x—3)

x=-1,x=2 x=—l,x=3
3

The solution set is {—l, 2, —%, 3}.

F)=2x 4323 —11x% —9x+15
p: 1, £3,£5 £15

q:£1,+2
Pyl 43,45 415,44 +2 42 413
q 22722 T2

2 or no positive real zeros exist.
F(=x)=2x* =32 —11x2 +9x +15
2 or no negative real zeros exist.

1 2 3 11 -9 15

flx)= (x—l)(x+%j(2x2 —6)

=2(x—1)(x+%j(x2—3)

The solution set is {1,—%,\/3,—\/5}.
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4 3 2 _

piEl, +2, 43,46

1x1,+2,+4

(2 1 3 1 3 3(x—4) )C—g (x2+x+l):O

St 22,43, 46, x—, £, £ —, += 3

q 24 4 1EV1-4 12013

3 or 1 positive real roots exists. = ) T 9

1 negative real root exists. . . 2 1413 —1-i\3
The solution set is {4, —, s .

14 a1 s 2 6 372 2

4 3 8
4 3 8 6 0 51. 2 +7x* —18x% —8x+8=0

1x1,+2,+4,+8

(x=1)(4x> +3x% +8x+6) =0 f,?;il,iz

4x> +3x% +8x+6 =0 has no positive real roots. L. +1,+2, +4, +8, il
q 2

1 2 or no positive real roots exists.
3 or 1 negative real root exist.

-3 0 -6
4 0 8 0 -2 2 7 0 -18 -8 8
(x—l)(x+% (4x2+8)=0 -4 -6 12 12 -8
3 2 3 -6 -6 4 0
4x-1)| x+2 (x2+2)=0 4 3 o
4 (x+2)(2x" +3x” —6x" —6x+4)=0
x> +2=0 4x> +3x% +8x+6 =0 has no positive real roots.
x“==-2
x=+i\2 2 2 3 6 6 4
The solution set is {1,—%,1’ 2,—1\/5}. —4 2 8 4
2 -1 —4 2 0
50. 3x* —11x° -3x% —6x+8=0 (x+2)%(2x° —x* —4x+2)
p:£l, £2, +4, +8
q:£1,+£3 1 2 -1 4 2
2
Poypeorasg et 22 42 48
q 33 3 3 1 0 2
2 or no positive real roots exist. 2 0 -4 0

f(=x)= 3x* +11x° =3x% +6x+8 2 orno negative 5
real roots exist. (x+2) (x -

1
2
4 3411 3 68 z(x+2)2[x_%(x2_z):o

12 4 4 -8

x*-2=0
31 1 2 0 25
(x—4)(3x3+x2+x—2)=0 x=12
Another positive real root must exist. The solution set is 42, V3= 20
2 3 1 1 -2
3
2 2 2
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52.

53.

320

4x° +12x% —41x3 —99x% +10x+24 =0
p: £, 22, 43 +4, +6, £8, +12, 24
q: +1,+2,+4
Py 40,43, 44,46, +8,+12, 424, +
q
w143
4> 4

2 or no positive real roots exist.
F(=x)=—4x" +12x* +41x° =99x% —10x + 24
3 or 1 negative real roots exist.

12 41 -99 10 24

3 4
12 72 93 —-18 24

4 24 31 -6 -8 0

, X

N | —
N | W

(x—3)(4x4 +24x% +31x2 —6x—8) -0

-2 4 24 31 -6 -8

-8 32 2 8
4 16 -1 4 0

(x—3)(x+2)(4x3 +16x2 —x—4) =0

4 4 16 -1 4

16 0 4

4 0 -1 0

(x—3)(x+2)(x+4)(4x2—1)=0

4x* -1=0

4x% =1
=1
4
xzil
2

The solution set is {3, -2,-4, %, —%}

f(x) =—x +x2 +16x-16

a.  From the graph provided, we can see that —4 is
an x-intercept and is thus a zero of the function.

We verify this below:
-4/ -1 1 16 -16
4 20 16
-1 5 -4 0

E

54.

Thus, —x>+x>+16x—16=0
(x+4)(—x2+5x—4)=0
~(x+4)(x? =5x+4) =0
—(x+4)(x-1)(x-4)=0

x+4=0 or x-1=0 or x-4=0

x=-4 x=1 x=4

The zeros are —4, 1, and 4.

y
A50 (lll, 0)
[l
(_45 0} (49 0)
(0, —16)= TS
[HEEELY | I
, —36) (5, —36)

P
|
N
|
%
=)
S
=y

11
Jx)=-x*+x*+16x - 16

f(x)=—x3+3x2—4

From the graph provided, we can see that —1 is
an x-intercept and is thus a zero of the function.
We verify this below:

-1l -1 3 0 -4

1 -4 4

1 4 4 0
Thus, > +3x2—4=0

(x+1)(—x* +4x-4)=0
—(x+1)(x2—4x+4)=0
~(x+1)(x=2)* =0

x+1=0 or (X—2)2:0
x=-1 x-2=0
x=2

The zeros are —1 and 2.
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55. f(x) =4x> —8x2 —3x+9

a.

From the graph provided, we can see that —1 is
an x-intercept and is thus a zero of the function.
We verify this below:

-1l 4 -8 -3 9

4 12 -9

4 12 9 0
4x° —8x? ~3x+9=0
(x+1)(4> ~12x+9) =0
(x+1)(2x=3)* =0

Thus,

x+1=0 or (2x—32=0
x=-1 2x-3=0
2x=3

3

x==

2

The zeros are —1 and %

1y ? 0,9

g

=10\

fx) =4 —8x2—-3x+9

56.  f(x)=3x>+2x% +2x-1

a.

. 1.
From the graph provided, we can see that 3 is an x-

intercept and is thus a zero of the function. We
verify this below:

1
303 2 2 -1

11 1
333 0
3% +2x2 +2x—1=0

x—%j(3x2+3x+3)=0

3(x—%}(x2+x+l)=0

Note that x> +x+1 will not factor, so we use the
quadratic formula:

x—l=0 or

Thus,

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

xX==

Section 2.5 Zeros of Polynomial Functions

2

1433
2

_-1EVE 1, VB

——t—i

2 27 2
1 1
The zeros are — and ——iﬁi .
3 2 2
y
TT=h T
SEEiifs.oe
(0, ~D A%
| NN
LILT T 1A =
(=2, -21) 71
FHT o
[T 3’
S =33+ 22 +2x -1

57. f(x)=2x"-3x" - 7x* —8x+6

a.

. 1.
From the graph provided, we can see that 5 is an

x-intercept and is thus a zero of the function. We
verify this below:
1

202 3 7 -8 6
1 -1 —4 -6

2 2 -8 -12 0

2x* =3 —7x? —8x+6=0
ot (2x3—2x2—8x—12)=0
2

Z(x—%j(f —x? —4x—6) =0

3

Thus,

To factor x> —x2 —4x—6 , we use the Rational
Zero Theorem to determine possible rational zeros.

Factors of the constant term —6:
+1, +2, £3, £6
Factors of the leading coefficient 1: +1

The possible rational zeros are:

Factorsof —6 *1, £2, £3, 6

Factors of 1 +1
=1, £2, £3, £6

)

We test values from above until we find a zero.
One possibility is shown next:

Test 3:
31 -1 -4 -6
3 6 6
1 2 2 0
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The remainder is 0, so 3 is a zero of f.
2x* 3% —7x% —8x+6=0
oot (2x3—2x2—8x—12)20
2

Z[X—%j(f —x? —4x—6) =0

2(x—%j(x—3)(x2 +2x+2)=0

Note that x> + x +1 will not factor, so we use the
quadratic formula:
a=1 b=2 c¢=2

_—21,/22—4(1)(2)
- 2(1

_—21\/—_4_(—)2121'_
==

-1+

The zeros are %, 3, and —1%i.

y

50

)

EiE
1 |
caliificiy

f)=2x*" =33 -T2 -8x+ 6

L e ]

58.  f(x)=2x*+2x> —22x% —18x+36

a.

322

From the graph provided, we can see that 1 and 3
are x-intercepts and are thus zeros of the function.
We verify this below:
1 2 2 -22 -18 36
2 4 -18 =36
2 4 -18 =36 0

Thus, 2x* +2x> —=22x% —18x+36
= (x—l)(2x3 +4x> —18x—36)

3l 2 4 -18 =36
6 30 36
210 12 0

2x* 4203 2237 ~18x+36=0
(x=1)(x=3)(2¢* +10x+12) =0
2(x=1)(x=3)(x +5x+6)=0
2(x=1)(x=3)(x+3)(x+2)=0
x=1, x=3, x=-3, x=-2
The zeros are -3, —2, 1, and 3.

Thus,

59.

-3, 0\ 3,0)

~

51X

|

_270) \

1
e
Fx) =20 + 203 — 2242 — 18x + 36

S(x)=3x" +2x* —15x° ~10x% +12x+8

a.  From the graph provided, we can see that 1 and 2
are x-intercepts and are thus zeros of the function.

We verify this below:
1 3 2 -15 -10 12 8
3 5 -10 -20 -8
3 5-10 =20 -8 0

Thus, 3% +2x* —15x° —10x2 +12x+8
= (x=1)(3x" +52” ~10x” ~20x 8]

213 5 -10 20 -8
6 22 24 8
311 12 4 0

Thus, 3x° +2x* —15x° =10x% +12x+8
= (x—l)(3x4 +5x° —10x2 —20x—8)

= (x=1)(x=2) (35> +11% +12x+4)

To factor 3x° +11x% +12x+4 , we use the
Rational Zero Theorem to determine possible
rational zeros.

Factors of the constant term 4: +1, £2, +4
Factors of the leading coefficient 3: +1, £3

The possible rational zeros are:
Factorsof 4 +1, £2, £4

Factors of 3 +1, £3
=1, +2, +4, il, i%, ii
3 3 3

We test values from above until we find a zero.
One possibility is shown next:

Test —1:
=1 3 11 12 4
-3 -8 —4
3 8 4 0

The remainder is 0, so —1 is a zero of /. We can
now finish the factoring:
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60. f(x)= —5xt 4 ax’
a.

3x° +2x* —15x° IOx +12x+8=

(x=1)(3x* +5x° ~10x> ~20x -8 =
(x=1)(x=2)(3x7 +11% +12x+4) =
(x=1)(x=2)(x+1)(3> +8x+4) =
(x—l)(x—2)(x+1)(3x+2)(x+2)
-2

x=Lx=2,x=-1, x=—

5

The zeros are =2, —1, —%, 1 and 2.

R—

’

|
I X
(-1,0) 5
T (2
. 3

J) =3 +2x - 1523 - 102 + 12x + 8
—19x2 +16x +4

From the graph provided, we can see that 1 is an
x-intercept and is thus a zero of the function. We
verify this below:
1 -5 4 -19 16 4
-5 -1 =20 4
-5 -1 20 4 0

Thus, —5x*+4x> —19x% +16x+4=0
(x=1)(=5x" = x* =20x-4) =0

~(x=1)(5° +x7 +20x+4) =0

To factor 5x° +x2 +20x + 4 , we use the Rational
Zero Theorem to determine possible rational
Zeros.

Factors of the constant term 4: *1, £2, +4
Factors of the leading coefficient 5: +1, £5

The possible rational zeros are:

Factorsof 4 +1, £2, £4

41, +5

41, £2, £4, 1, 22, £
5

s
We test values from above until we find a zero.
One possibility is shown next:

Factors of 5

61.

Section 2.5 Zeros of Polynomial Functions

Test—l:
5

_1

AS 1 20 4
-1 0 -4
5 0 20 O

The remainder is 0, so —% is a zero of f.

1952 +16x+4=0
2 _20x— 4)

—sxt 14y -

(x-1) (—5)63

The zeros are —é, 1, and £2i.

)

(0, 9 A A, 0) -

EREEl 5 x
(+9FH
5 L

L
S(x) = =5 + 4x3 — 1922 + 16x + 4

V(x)=x(x+10)(30—2x)
2000 = x(x +10)(30—2x)
2000 = —2x> +10x2 +300x
2x% —10x% —300x +2000 = 0
x> =5x2 —150x+1000 =0
Find the roots.
10 1 =5 —150 1000
10 50 —1000

1 5 -100 0

Use the remaining quadratic to find the other 2 roots.

_—b\b* —4ac
2
_-0 iJ(S)Z —4(1)(=100)

2(D)
x=-12.8,7.8
Since the depth must be positive, reject the negative
value.
The depth can be 10 inches or 7.8 inches to obtain a
volume of 2000 cubic inches.
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62. V(x)=x(x+10)(30-2x) 73. 6x° —19x% +16x—4=0
1500 = x(x+10)(30—-2x) pr £l £2, +4
1500 = —2x° +10x? +300x g: +1, 42, 43,46
3 2 —
20 ~10x" ~300x +1500 = 0 A S L L L
x  =5x"—-150x+750=0 q 23 3 3 6
Find the roots. 1 2
51 1 -5 —150 750 From the graph, we see that the solutions are >3
S 0 -750 and 2.
1 0 -150 0
4 2
Use the remaining quadratic to find the other 2 roots. 74, 2x*+7x7 —4x7 —27x-18=0
;o 21,+2,43,+6,49,+18
x_—bi\/b2—4ac 5; +1,42
20— P.o4142,43,46,49, 418,54 +2 £
—(0)£+/(0)" —4(1)(—150) q 272 2
x= .
2(1) From the graph we see the solutions are
x=-=12.2,12.2 3 3 L2
Since the depth must be positive, reject the negative oy T
value.
The depth can be 5 ipghes or 12.2 inches to obtain a 75, dxt4dd +Tx2 —x—2=0
volume of 1500 cubic inches. Pl 42
63. a. The answers correspond to the points q:+1,£2,+4
(7.8,2000) and (10, 2000). N R |
q 2 4
b.  Therange is (0, 15). From the graph, we see that the solutions are
1 1
64. a. The answers correspond to the points (5, 1500) ) and 2

and (12.2, 1500).
76.  f(x)=3x"+5x2 +2

b. Therange s (0, 15). Since f(x) has no sign variations, it has no positive

65— 71 A " real roots.
.—71. Answers will vary.
v f(—x)=3x4+5x2+2
72, 2x0 —15x2 +22x+15=0 Since f{—x) has no sign variations, no negative roots
p:E1,£3, 45, £15 exist.
g:+1,+2 The polynomial’s graph doesn’t intersect the
p 1 3 5 15 X-ax1s.
—:*1,+3,+£5 +15,+—, +— +— +— From the graph, we see that there are no real
q 22 2 2 solutions.
/ 77. f(x)zxs—x4+x3—x2+x—8
fx) has 5 sign variations, so either 5, 3, or 1 positive
/ real roots exist.
/(=x) = —xt - —x?—x-8
From the graph we see that the solutions are f(—x) has no sign variations, so no negative real roots
1 exist.
Y 3 and 5.

78. Odd functions must have at least one real zero. Even
functions do not.
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79.

80.

81.

82.

83.
84.

f(x)=x3—6x—9

NORMAL FLOAT AUTO REAL RADIAN MP u

1
[

1 real zero
2 nonreal complex zeros

F(x)=3x" —2x* +6x° —4x* —24x+16
NORHAL FLOAT AUTO REAL RADIAN HP oy

_3 ’[*V 5

-10

3 real zeros
2 nonreal complex zeros

F(x)=3x*+4x3 —7x% —2x -3

NORMAL FLOAT AUTO REAL RADIAN MP n

L

=3

f(x)=x°—64

NORMAL FLOAT AUTO REAL RADIAN MP n

A
U/

-100

2 real zeros
4 nonreal complex zeros

makes sense

does not make sense; Explanations will vary.
Sample explanation: The quadratic formula is can

be applied only of equations of degree 2.

85.
86.
87.

88.

89.
90.

91.

92.
93.

94.

95.

Section 2.5 Zeros of Polynomial Functions

makes sense
makes sense

false; Changes to make the statement true will vary.
A sample change is: The equation has 0 sign
variations, so no positive roots exist.

false; Changes to make the statement true will vary.
A sample change is: Descartes’ Rule gives the
maximum possible number of real roots.

true

false; Changes to make the statement true will vary.
A sample change is: Polynonials of degree n have at
most n distinct solutions.

(2x+1)(x+5)(x+2)—3x(x+5) =208
(267 +11x+5) (x+2) - 35> ~15x = 208
203 +4x% +11x% +22x +5x
+10-3x% —15x = 208

2x3 +15x% +27x=3x% —15x-198 =0
2x3 +12x% +12x—198 =0
2@?+6x2+6x—99):0

41J 1 6 6 -9

327 99
1 9 33 0
x> +9x+33=0

b —dac =51
x=3in.

Answers will vary

Because the polynomial has two obvious changes of
direction; the smallest degree is 3.

Because the polynomial has no obvious changes of
direction but the graph is obviously not linear, the
smallest degree is 3.

Because the polynomial has two obvious changes of
direction and two roots have multiplicity 2, the
smallest degree is 5.

96. Two roots appear twice, the smallest degree is 5.

97.

Answers will vary.
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98.

99.

100.

101

102
103

a.  (fog))=r(g()

—4—(x+5)
=4—x*-10x-25
=—x2 -10x-21

b S
h
4=x? = 2xh =i - (4=
- h
4—x?—2xh—h? —4+x°
h

_ 2xh—h*

h
h(-2x—h)

h
==2x—-h, h#0

Write the equation in slope-intercept form:

x+5y-7=0
Sy=—x+7
1
=—=x+—
YIS

The slope of this line is —% thus the slope of any line

perpendicular to this line is 5.

Use m =5 and the point (-5, 3) to write the equation.
Y=y =m(x-x)
y=3=5(x=(-5))
y=3=5x+5)

5x—y+28=0 general form

Se)=fGy) _O-E _3-2 1
9-4 5 5

Xy —X
The function is undefined at x=1 and x=2.

The equation of the vertical asymptote is x =1.

The equation of the horizontal asymptote is y = 0.

Mid-Chapter 2 Check Point

1.

2.

3.

326

(6—2i)—(T—i)=6-2i—T+i=—1—i
3i(2+i) = 6i+3i> =—3+6i

(1+i)(4—3i)=4—3i+4i—3i°
=4+i+3=T7+i

s ﬂ:ﬂ.£:1+i+i+i2
1—i 1-i 1+i 1—42
C1+2i-1
1+l
_ 1
2

5. J=75-v-12 =5i3-2i3 =33
6. (2—\5)2 =(2—iﬁ)2

= 4-4i3 +3i
=4-4i\3-3
=1-4i\3
7. x(2x-3)=-4
2x% —3x=—4
2x2 =3x+4=0
o= —bi\/b2 —4ac
2a
DY -4
2(2)
NEEESVEE
4
3 423,
x=—t—1i
47 4

8. f(x)=(x-3)"-4
The parabola opens up because a > 0.
The vertex is (3, —4).
x-intercepts:

0=(x-3)" -4
(x—3)* =4

x—3=+J4
x=3x2
The equation has x-intercepts at x =1and x=5.
y-intercept:
£(0)=(0-3)"~4=5

domain: (—eo,0) range: [—4,c0)

y
(0, 5)¢5
R {
1, 0):H [(5,0)
\ /i X
3,-4)
1

S =@ =-3)7-4
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9. f(x)=5-(x+2)
The parabola opens down because a < 0.
The vertex is (=2, 5).
x-intercepts:

0=5-(x+2)

(x+2)° =5
x+2=4/5

x=-2%+5

y-intercept:

F(0)=5-(0+2)" =1

domain: (—eo,0) range: (—oo,5]

y

=

T I
| 7
(0,

[ ]
[ 11 1)

—
|
N
~_

]
]
H4 (=245, 0)

1 mEakd

f)=5-(x+2)

10, f(x)=—x*—4x+5

The parabola opens down because a < 0.

b —4
vertex: x=——=———=-2
2a 2(-1)

f(-2)==(-2" —4(-2)+5=9

The vertex is (-2, 9).
x-intercepts:

0=—x>—4x+5

= —bi\/bz —4ac

2a
L TEEH -4EDE)
2-1)
L 4E436
x= 213

The x-intercepts are x =1 and x=-5.
y-intercept:
£(0)=-0*-4(0)+5=5
domain: (—ee,c0) range: (—oo,9]
y

23,9y Lo 1T
)I\ ‘1!0 ’(]O’ 5)

-
=
—
M
>
-’
1
I

11.

12.

Mid-Chapter 2 Check Point

/(%) =3x2 —6x+1
The parabola opens up because a > 0.
b -6

vertex: x=—-——=———=
2a 2(3)

F(1)=31)%-6()+1=-2

The vertex is (1, -2).
x-intercepts:

0=3x%—6x+1
= —bi\/bz —4ac
2a
. —(—6)i\/(—6)2 -43)(1)
2(3)
x:6i\/ﬁ
6
3446
Ty

y-intercept:
£(0)=3(0)* —6(0)+1=1

domain: (—eo,0) range: [—2,e0)

y
Mzr/3 +V6 0
] 3
To.0)
-] 5 x
(3"%,@ (L -2)
SO

{
Sx)=3x2-6x+1

2 3
f(x)=(x=2)" (x+1)
(x=2)* (x+1) =0
Apply the zero-product principle:
(x=2%=0 or (x+1)=0
x—-2=0 x+1=0
x=2 x=-1
The zeros are —1 and 2.
The graph of f crosses the x-axis at —1, since the zero
has multiplicity 3. The graph touches the x-axis and
turns around at 2 since the zero has multiplicity 2.
Since fis an odd-degree polynomial, degree 5, and
since the leading coefficient, 1, is positive, the graph
falls to the left and rises to the right.
Plot additional points as necessary and construct the graph.

2, 0)
]
l

I
|
f@)=x-2x+1D°
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13.

14.

328

F(x)==(x=2)* (x+1)? 15.

~(x=2)*(x+1)* =0
Apply the zero-product principle:

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

The zeros are —1 and 2.

The graph touches the x-axis and turns around both at
—1 and 2 since both zeros have multiplicity 2.

Since fis an even-degree polynomial, degree 4, and
since the leading coefficient, —1, is negative, the
graph falls to the left and falls to the right.

Plot additional points as necessary and construct the
graph.

y
h [TTT1
= (0’_4)'

—t |~

S = —(x=2)?(x +1)

f(x)=x>—x* —4x+4 16.

X —x?—4x+4=0

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

(¥ -4)(x-1)=0

(x+2)(x—2)(x—l) =0
Apply the zero-product principle:

x+2=0 or x—-2=0 or x-1=0
x=-2 x=2 x=1

The zeros are =2, 1, and 2.

The graph of f crosses the x-axis at all three zeros,
-2, 1, and 2, since all have multiplicity 1.

Since f'is an odd-degree polynomial, degree 3, and
since the leading coefficient, 1, is positive, the graph
falls to the left and rises to the right.

Plot additional points as necessary and construct the
graph.

Y4(0,4)

T
=

f(x)=x*-5x%+4

xt—s5x244=0

(¥ -4)(x*-1)=0
(x+2)(x=2)(x+1)(x-1)=0
Apply the zero-product principle,
x=-2, x=2, x=-1, x=1
The zeros are -2, —1, 1, and 2.
The graph crosses the x-axis at all four zeros, -2,
—1, 1, and 2., since all have multiplicity 1.
Since fis an even-degree polynomial, degree 4, and
since the leading coefficient, 1, is positive, the graph
rises to the left and rises to the right.
Plot additional points as necessary and construct the
graph.

y4(0,4)
(=2,0) (2,0)
o 5 x
A s B[ )
| 111
T 11
fx)=x*—52+4

f(x)=—(x+1)°

~(x+1)° =0
(x+1)° =0
x+1=0
x=-1

The zero is are —1.

The graph touches the x-axis and turns around at —1
since the zero has multiplicity 6.
Since fis an even-degree polynomial, degree 6, and
since the leading coefficient, —1, is negative, the
graph falls to the left and falls to the right.
Plot additional points as necessary and construct the
graph.

y

Y

L0
(-2,-1) 5 x

{09_1)
117

J@) = —(x+ 1
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17.

f(x)=—6x" +7x% -1 18.

To find the zeros, we use the Rational Zero Theorem:
List all factors of the constant term —1: =1

List all factors of the leading coefficient —6:

+1, £2, £3, £6

The possible rational zeros are:

Factors of —1 +1
Factorsof —6 %1, £2, £3, *6
=41, il, il, il

2 6

We test values from the above list until we find a
zero. One is shown next:

Test 1:

1 -6 7 0 -1
-6 1 1
% 1 1 0

The remainder is 0, so 1 is a zero. Thus,
—6x° +7x% =1=0
(x=1)(-6x7 +x+1) =0
~(x=1)(6x* ~x-1)=0
—(x-1)(3x+1)(2x-1)=0
Apply the zero-product property:
1 1

x=1, x=——=, x=—

3 2

The zeros are —l, l, and 1.
32

The graph of f crosses the x-axis at all three zeros,

—l, 1 , and 1, since all have multiplicity 1.
Since fis an odd-degree polynomial, degree 3, and
since the leading coefficient, —6, is negative, the

graph rises to the left and falls to the right.

Plot additional points as necessary and construct the

graph.
y
rTTT [/l,()>
1 T2
—3,0 ||
et 0
1] =
0, —DHH "
T
T
T

Copyright © 2018 Pearson Education, Inc.

19.

Mid-Chapter 2 Check Point

f(x) =2x> —2x
223 —2x=0
2x(x2—1):0

2x(x+1)(x—-1)=0

Apply the zero-product principle:

x=0, x=-1, x=1

The zeros are —1, 0, and 1.

The graph of f crosses the x-axis at all three zeros,
—1,0, and 1, since all have multiplicity 1.

Since fis an odd-degree polynomial, degree 3, and
since the leading coefficient, 2, is positive, the graph
falls to the left and rises to the right.

Plot additional points as necessary and construct the
graph.

—

1, 0)-

A x
I
{H, 0)-
\A |

2x

f(x) = x> —2x% +26x

¥ —2x% +26x=0
x(x2—2x+26)20

Note that x> —2x+26 does not factor, so we use the
quadratic formula:

x=0 or 2 _2x126=0
a=1, b=-2, ¢=26

~(=2)£4/(-2)* - 4(1)(26)
2(1)
_ 2++/-100 _ 2410 _

2 2
The zeros are 0 and 15 .

The graph of f crosses the x-axis at 0 (the only real
zero), since it has multiplicity 1.

xX=

1+5:

Since fis an odd-degree polynomial, degree 3, and
since the leading coefficient, 1, is positive, the graph
falls to the left and rises to the right.

Plot additional points as necessary and construct the
graph.

y
Zaisians
o L5205
T

(=5, —305)

FH
J) = X% — 207 + 26x
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20.

330

f(x) =—x>+5x% —5x-3

To find the zeros, we use the Rational Zero Theorem:
List all factors of the constant term —3: 1, 3
List all factors of the leading coefficient —1: *1
The possible rational zeros are:

Factors of =3 +I, £3
Factorsof —1  +1

We test values from the previous list until we find a
zero. One is shown next:

=41, +3

Test 3:
3 -1 5 -5 -3
-3 6 3
-1 2 1 0

The remainder is 0, so 3 is a zero. Thus,
x> +5x2 =5x-3=0

(x—3)(—x2 +2x+1) =0

~(x=3)(¥* ~2x-1)=0

Note that x> —2x—1 does not factor, so we use the
quadratic formula:
x=3=0 or 2 _oy_1=0

x=3 a=1, b=-2, c=-1

2

—(=2)£4(=2)" —4()(=1)

2(1)

+ +
248 _242V2 .\ 5
2 2

The zeros are 3 and 1++/2 .
The graph of f crosses the x-axis at all three zeros, 3
and 1£~/2 , since all have multiplicity 1.

Since fis an odd-degree polynomial, degree 3, and
since the leading coefficient, —1, is negative, the
graph rises to the left and falls to the right.

xX=

Plot additional points as necessary and construct the
graph.

y
HE{0+ 20
|| ]
! |
-2, 0443, 0)
T \i 51 x
(09_3) / \\
[ T[]
[ ]1

J)=-x¥+52-5x-3

21.

22,

X =3x+2=0
We begin by using the Rational Zero Theorem to
determine possible rational roots.

Factors of the constant term 2: *1, £2
Factors of the leading coefficient 1: +1
The possible rational zeros are:

Factorsof 2 +1, 2

= =+1, 2
Factors of 1 +1

We test values from above until we find a root. One
is shown next:

Test 1:
11 10 -3 2
1 1 =2
1 1 -2 0

The remainder is 0, so 1 is a root of the equation.
Thus,
X —3x+2=0
(x—l)(x2 +x—2) =0
(x—l)(x+2)(x—l) =0
(x=1)* (x+2)=0
Apply the zero-product property:
2_o or x+2=0
(x xl—)l = g x=-2
x=1
The solutions are —2 and 1, and the solution set is

2,1}

6x> —11x% +6x—1=0
We begin by using the Rational Zero Theorem to
determine possible rational roots.

Factors of the constant term —1: #1

Factors of the leading coefficient 6:
41, 2, £3, +6

The possible rational zeros are:

Factors of —1 +1

Factors of 6 +1, £2, £3, +6
=41, J_rl, il, +1
2 3 6
We test values from above until we find a root. One
is shown next:

Test 1:
1 6 -11 6 -1
6 -5 1
6 -5 1 0
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23.

24,

The remainder is 0, so 1 is a root of the equation.
Thus,

6x° —11x%> +6x-1=0

(x=1)(6x7 =5x+1)=0

(x—l)(3x—l)(2x—l) =0
Apply the zero-product property:

x—1=0 or 3x-1=0 or 2x-1=0
x=1 1 1
x== x=—
3 2

The solutions are % s % and 1, and the solution set is

{l, 1 1}.
32 25.

(2x+1)(3x-2)° (2x=7)=0
Apply the zero-product property:

2+1=0 or (3x=2=0 or 2x-7=0
1 3x-2=0 7 T
X=—— 2 xX=—
2 =2 2
3

. 1
he solutions are _E’ =

. 1 2 7
is{——, =, —¢.
2 3 2

2x% +5x% —=200x-500=0
We begin by using the Rational Zero Theorem to
determine possible rational roots.

and %, and the solution set

Factors of the constant term —500 :
+1, £2, £4, £5, £10, £20, +25,
+50, £100, £125, £250, £500

Factors of the leading coefficient 2: +1, £2

The possible rational zeros are:

Factors of 500

=41, £2, +4,
Factors of 2

+5,

+10, +20, +25, +50, +100, +125,
250, £500, £1, +>, £2> 412
27 72 2

We test values from above until we find a root. One
is shown next:

Test 10:
M 2 5 =200 -500
20 250 500

2 25 50 0

The remainder is 0, so 10 is a root of the equation.
Thus,

Copyright © 2018 Pearson Education, Inc.

Mid-Chapter 2 Check Point

2x% +5x% =200x - 500 =0
(x=10)(257 +25x+50) =0
(x—10)(2x+5)(x+10)=0
Apply the zero-product property:

x—10=0 or 2x+5=0 or
x=10 5

2

x+10=0
x=-10

The solutions are —10, —%, and 10, and the solution

—2, 10}.
2

o o1 = x4 12
Ao 1 —x-12=0
We begin by using the Rational Zero Theorem to
determine possible rational roots.

set is {—10,

Factors of the constant term —12:
+1, £2, £3, £4, £6, £12

Factors of the leading coefficient 1: +1
The possible rational zeros are:

Factors of —12

Factors of 1

+ +3, £4, +6, £12
+1

=+1, £2, £3, £4, £6, *12

We test values from this list we find a root. One
possibility is shown next:

Test =3
=311 -1 -11 -1 -12
-3 12 3 12
1 4 1 -4 0
The remainder is 0, so —3 is a root of the equation.

Using the Factor Theorem, we know that x—1 is a
factor. Thus,

o1 —x-12=0
(x-i—3)(x3 —4y? +x—4)=0
(r+3)[ 5 (x=4)+1(x-4) | =0
(x+3)(x=4)(x* +1) =0

As this point we know that —3 and 4 are roots of the
equation. Note that x* +1 does not factor, so we use
the square-root principle: x> +1=0
X2 =-1
x=tJ-1=4i
The roots are —3, 4, and i , and the solution set is
{-3, 4, £i}.
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26.

332

26t 40} —17x% —4x+6=0
We begin by using the Rational Zero Theorem to
determine possible rational roots.

Factors of the constant term 6: *1, £2, 3, £6

Factors of the leading coefficient 4: +1, +2

The possible rational roots are:

Factorsof 6 *1, £2, £3, £6

Factors of 2 £, £2

=+], £2, +3, 6, J_rl,
2

.3

2

We test values from above until we find a root. One
possibility is shown next:

Test —3: 27.

=32 1 -17 -4 6
-6 15 6 -6
2 -5 =2 2 0

The remainder is 0, so —3 is a root. Using the Factor

Theorem, we know that x+3 is a factor of the
polynomial. Thus,

23+ 3 —17x2 —4x+6=0
(x+3)(24% -5 —2x+2) =0

To solve the equation above, we need to factor

2x3 —5x% —2x+2. We continue testing potential 28.
roots:
Test l:
2
1
212 -5 =2 2
1 -2 =2
2 4 -4 0
. . 1. 1.
The remainder is 0, so 5 is a zero and X_E isa
factor.
Summarizing our findings so far, we have 29,

23+ —17x%* —4x+6=0
x+3)(2x° =5x% —2x+2)=0
(x+3)(

1 2 _
(x+3)(x—5j(2x ~4x-4]=0
1Y » B
2(x+3)(x—5j(x ~2x-2)=0
At this point, we know that —3 and % are roots of

the equation. Note that x> =2x-2 does not factor,
so we use the quadratic formula:

x> —2x-2=0
a:l’ b=—2, c=-2

~(-2)£4/(-2)* -4(1)(-2)
2(1)
:2im:2idﬁzzizﬁ:1+ﬁ
: +

2 2

X =

The solutions are -3, %, and li\/g , and the

,11\/5}.

. . 1
solution set is {—3, 5

P(x)=—x? +150x - 4425
Since a =—1 is negative, we know the function
opens down and has a maximum at
__b__ 150 __150_.o
20 2(-1) =2
P(75) = =75 +150(75) - 4425
=-5625+11,250—-4425=1200

The company will maximize its profit by
manufacturing and selling 75 cabinets per day. The
maximum daily profit is $1200.

Let x = one of the numbers;

—18—x = the other number
The product is f (x) = x(~18—x) = —x> —18x
The x-coordinate of the maximum is
b 18  -18
a2 2

7(-9)=-9[-18-(-9)]

=-9(-18+9)=-9(-9) =81
The vertex is (—9,81). The maximum product is
81. This occurs when the two numbers are —9 and
-18=(-9)=-9.

Let x = height of triangle;
40—-2x = base of triangle

A :lbh le(40—2x)
2 2

A(x)=20x—x°
The height at which the triangle will have
. . b 20
maximum area is x = ——=———-—=10.
2a 2(-1)

A(10) = 20(10) — (10)> =100
The maximum area is 100 squares inches.
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30.

31.

32.

33.

34.

232 —x =3
3x2—l>6x4—3x3—11x2+2x+4
6x* —2x?
—3x° —9x? +2x
353 +x
—-9x? +x +4
—9x? +3
x+1
2x% —x =3+ x2+1
3x° -1

(26* =132 +177 +18x-24) + (x—4)

4 2 -13 17 18 24

8 20 12 24
2 =5 -3 6 0

The quotient is 2x° —5x% —3x+6.

(x=D(x—i)(x+i)=(x=D(x* +1)

f(x)=a,(x=1)(x> +1)

S =a,(-1=1)((=1 +1) = —4q, =8

a, =-2

F(x)==2(x=1)(x*+1) or —2x> +2x> —2x+2

(x = 2)(x = 2)(x = 3i)(x +3i)
=(x-2)(x=2)(x> +9)

S (x) = a, (x=2)(x=2)(x> +9)
£(0) = a, (0-2)(0-2)(0 +9)
6 =36a
a, = 1
S(0) =1(x=2)(x=2)(x* +9)
F(x)=x*—4x3 +13x% =363+ 36

n

f(x)=x3—x—5
f)=1r-1-5=-5

f@)=2%-2-5=1
Yes, the function must have a real zero between 1

and 2 because f(1) and f(2) have opposite signs.

Section 2.6 Rational Functions and Their Graphs

Section 2.6

Check Point Exercises

1.

Because division by 0 is undefined, we must exclude
from the domain of each function values of x that cause
the polynomial function in the denominator to be 0.

a.

x=5=0
x=5

{x]x#5} or (—e0,5)U(5,00).

x2-25=0
x2=25
x=35

(x| X #5,x# =5} or (—e0,—5)U(=5,5) U (5,0).

The denominator cannot equal zero.
All real numbers or (—eo,o0)..

x°=1=0
x* =1
x=1x=-1
x-1 x-1 1
x> =1 (=D(x+1) x+1
x=-1

The denominator cannot equal zero.
No vertical asymptotes.

The degree of the numerator, 2, is equal to the
degree of the denominator, 2. Thus, the leading
coefficients of the numerator and denominator,
9 and 3, are used to obtain the equation of the
horizontal asymptote.
9
y=3 3
y =3 is a horizontal asymptote.

The degree of the numerator, 1, is less than the
degree of the denominator, 2. Thus, the graph
has the x-axis as a horizontal asymptote

y =0 is a horizontal asymptote.

The degree of the numerator, 3, is greater than
the degree of the denominator, 2. Thus, the
graph has no horizontal asymptote.
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4. Begin with the graph of f(x)= 1 .
X

Shift the graph 2 units to the left by subtracting 2
from each x-coordinate. Shift the graph 1 unit down

by subtracting 1 from each y-coordinate.

3x-3

5. Jw=""
_3(=x)—-3 -3x-3 3x+3
S0 = —x=2 —x=2 x+2
no symmetry
3(0)-3

3
rO="7"3
3

The y-intercept is >

3x-3=0

3x=3

x=1

The x-intercept is 1.
Vertical asymptote:
x=2=0

x=2
Horizontal asymptote:

3
===3
4 1

yhx=2

7 /’|L(|3|’6)

NG5, 4)

s —=y=3
ﬁ ]

0, =)=

( 2 Hx

1,0
(11

~

1

3x—-3
x—2

S =

2x?
6. )=
P 2
2(—x 2x
Sl =200 L 20
(=x)*-9 x°-9
The y-axis symmetry.
2(0)
ro=29"_
0°-9
The y-intercept is 0.

0

2x2 =0

x=0
The x-intercept is 0.
vertical asymptotes:

2-9=0
x=3,x=-3
horizontal asymptote:
_2_
7 1
ypx=3
32\ FrHpion 4,32
4’ 7/ =g . ’ 7
1 ; y=2
(0,0)4{ TP L o
8 [

2, —< _3
( 5/ & J
x=-3 2x
f@=3-

4
X
f)=—
X +24 .
—Xx x
Y P A M)

(—)c)2 +2 x"+2
y-axis symmetry

04
f(0)=——=0
0" +2
The y-intercept is 0.
4 _
x =0
x=0

The x-intercept is 0.

vertical asymptotes:

2 +2=0

x2==2

no vertical asymptotes

horizontal asymptote:

Since n > m, there is no horizontal asymptote.
J

8 O

[
SR VAU BSY VA"
\ % 5)

/T\
R
w|oe
——

P

~

I
|
HS
<
=
=
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4 -2
2 -1 5
the equation of the slant asymptote is

y=2x-1.
9. a. C(x)=500,000+400x

b. C(x)= 500,000 +400x

. C(1000) = 500,000 +400(1000)
1000
=900

5(1 0,000) = 500,000+ 400(10,000)
10,000
=450
£(100,000) = 220-000+400(100,000)
100,000
=405
The average cost per wheelchair of producing

1000, 10,000, and 100,000 wheelchairs is $900,
$450, and $405, respectively.

d. y= @ =400
The cost per wheelchair approaches $400 as
more wheelchairs are produced.

10. x— 10 =the average velocity on the return trip.
The function that expresses the total time required
to complete the round trip is

T(x):§+ 20 .
x x-10

Concept and Vocabulary Check 2.6
1. polynomial

2. false

3. true

4. vertical asymptote; x=-5
. 1
5.  horizontal asymptote; y=0; y= 3

6. true
7. left; down

8. one more than

Section 2.6 Rational Functions and Their Graphs

9. y=3x+5

30

10. x-20;
x—20

Exercise Set 2.6

5x
Lo ="y
{x|x¢4
Tx
2 W=
{x|x¢8
3x?
3 8W=rTe g
{x|x¢5,x¢—4}
Zx2
YT e
{x|x¢2,x¢—6}
5. h(x)= ’2‘+7
x“—49
X2 —49=(x=T)(x+7)
{x|x¢7,x¢—7}
6. h(x)= ;”8
x°—64
X% —64 = (x—8)(x+8)
{x|x¢8,x¢—8}
O
x“+49

all real numbers

x+8
8. f(x)= 3
x“+64

all real numbers

9. —oo
10. oo
11. —
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12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

336

—+oo

—00
—00

oo

X
S x+4
x+4=0

x=—4
vertical asymptote: x = —4
There are no holes.

X
S(x)= 3
x=3=0

x=3
vertical asymptote: x =3
There are no holes.

vertical asymptotes: x =0, x =—4
There are no holes.

x+3
x(x-3)
x(x-=3)=0
x=0,x=3
vertical asymptotes: x =0,x=3
There are no holes.

g(x) =

h(x) = .
x(x+4) x+4
x+4=0
x=—4
vertical asymptote: x =—4
There is a hole at x =0.

26.

27.

28.

29.

30.

31.

32.

W= =
x(x-3) x-3
x=3=0
x=3

vertical asymptote: x =3
There is a hole at x=0.

X

r(x)=

x> +4
x% +4 has no real zeros

There are no vertical asymptotes.
There are no holes.

X

r(x)=
x> +3

x% +3 has no real zeros
There is no vertical asymptotes.
There are no holes.

x* -9

==
_(x+3)(x-3)
X—
=x+3
There are no vertical asymptotes.
There is a hole at x =3.

2
x“ =25

f)="—

_(x+5)(x=5)

x—5

=x+5
There are no vertical asymptotes.
There is a hole at x =5.

x-3

X

glx)=

_ _x—3

C(x+3)(x-3)
1

Cx+3
vertical asymptote: x =—3
There is a hole at x =3.

x-=5
g(x)=—
x° =25
x—5

T (x+5)(x-5)
1

x+5
vertical asymptote: x =—5
There is a hole at x =5.
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33.

34.

35.

36.

37.

38.

39.

x+7

¥ +4x-21
x+7

TG+ (x-3)
1
S x-3
vertical asymptote: x =3
There is a hole at x =-7.

h(x) =

x+6

¥ +2x—24
x+6

T (1 6)(x—4)
1

h(x) =

x—4
vertical asymptote: x =4
There is a hole at x = —6.

x% +4x—21

r(x)=
x+7
_ (x+7)(x-3)

x+7
=x-3

There are no vertical asymptotes.

There is a hole at x =-7.

x% +2x—24

r(x)=
x+6
_ (x+6)(x—4)

x+6
=x—-4

There are no vertical asymptotes.

There is a hole at x =—6.

12x
3x2 +1

J(x)=

n<m
horizontal asymptote: y =0

15x
3x% +1

f(x) =

n<m
horizontal asymptote: y =0

. 12
horizontal asymptote: y = ? =4

40.

41.

42.

43.

44.

45.

Copyright © 2018 Pearson Education, Inc.
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. 1
horizontal asymptote: y = ?5 =5

12x°
3x2 +1

h(x) =
n>m

no horizontal asymptote

15x°

h(x) = 5
3x°+1

n>m
no horizontal asymptote

—2x+1

S = 3x+5

n=m

. 2

horizontal asymptote: y = -3
—3x+7

S(x)= 2

n=ms

: 3
horizontal asymptote: y = 5

1
g(x)—ﬁ

Shift the graph of f(x)= 1 1 unit to the right.
x

N

=
mEny|]
=

337
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1
x—2

46. g(x)=

Shift the graph of f(x) = 1 2 units to the right.
X

[\%]

Yix =

/‘5\
|
d
=
»1M

lf

&€ -1
[TTTI

T
W =73

4. h(x)=142
X

Shift the graph of f(x) = 1 2 units up.
X

y

[~

—
=
=
I

48, h(x)=L+1
X

Shift the graph of f(x) = 1 1 unit up.
X

(=10 calkd

h(x)=%+1

49, g(x):L—Z
x+1

Shift the graph of f(x) = 1 1 unit left and 2 units
x

down.
x=-14)
1T
|
0, -1)
5 X
= y=-2
(_Zy_3)|
11
__1 _
g(x)—x+1 2

50. g(x)z;—Z
x+2

Shift the graph of f(x) = 1 2 units left and 2 units
X

down.

51. g(x)= 3
(x+2)

Shift the graph of f(x) = Lz 2 units left.
x

~

1
(x +2)?

glx) =

52. g(x)= 3
(x+1)

Shift the graph of f(x) = Lz 1 unit left.
X
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53. h(x)=i2—4
X

Shift the graph of f(x) = Lz 4 units down.
X

o
T 1
Ay Sy
=0
2 X
-1,-
LR D)
y=-4 |
T
1
heo = - 4

54. h(x):iz—3
X

Shift the graph of f(x) = Lz 3 units down.
X

il
(]

Y .£0>

1
(x-3)*

55. h(x)= +1

Shift the graph of f(x) = Lz 3 units right and 1 unit up.
X

Ypx=3

—

2,2) @,2)-

<
]
SN

=

-1
ho) = o5+ 1

+2

56. h(x)= .
(x=3)

Shift the graph of f(x) = LZ 3 units right and 2 units up.
X

Yy x=3
|
]
2,3k, 3)
=2
1
=—1 42
h(x) x=3)

57.

58.

Section 2.6 Rational Functions and Their Graphs

4x

x—=2

N 4(-x)  4x

S = T
S(=x)# f(x), f(=x) # —f(x)

no symmetry

f(x)=

4
© _,
0-2
x-intercept: 4x =0
x=0
vertical asymptote:
x=2=0

x=2
horizontal asymptote:

y-intercept: y =

=y
(_2" 2) _” ﬂ(—)';

(-1 x4l
S # 1), f(=x) # —f(x)
no symmetry

y-intercept: y = 3O =0
0-1

x-intercept: 3x =0
x=0
vertical asymptote:
x-1=0

x=1
horizontal asymptote:

CCI T T

Copyright © 2018 Pearson Education, Inc. 339



Chapter 2 Polynomial and Rational Functions

2x
x> -4

59. f(x)=

Origin symmetry
2(0) _ o o

y-intercept:

x-intercept:

2x=0

x=0

vertical asymptotes:
X2 —4=0

x==2

horizontal asymptote:
n<msoy=0

Ypx=

1 2 P 6
(1’3> 3’§>

4(-x) o 4
()P -1 xP-1

Origin symmetry

, 4(0)
y-intercept: ———= 0
0" -1
x-intercept:4x = 0
x=0
vertical asymptotes:
-1=0
(x=D(x+1)=0
x==1

horizontal asymptote:
n<msoy=0

(18 ypx=1
2 3) - 5h
' 3

/e 3
(0, 0)- \_ )
T “*_j

5x
4 3TN '
(-
Al 2
x=-1
4x
xX) =
S = 5

340

61.

62.

2
2x
S()=-5
X% =
2 2
2(—x 2x
f(=x)= ( 2) =S5—=/(x)
(x> =1 2?1
y-axis symmetry
2
2(0
y-intercept: y = g ) =9:0
0°-1 1
x-intercept:
2x2 =0
x=0
vertical asymptote:
2 -1=0
x? =1
x==*1
horizontal asymptote:
n=m,s0 y= % =2
Y
B
N> 3
y=2
SHx
0,0
HH
x=-1
242
S = 23
4x?
f)=—
X2 -
2 2
4(—x 4x
P R I

(-af =9 -9
y-axis symmetry
4(0y

y-intercept: y = >
0°-9

=0

x-intercept:
4x* =0

x=0
vertical asymptotes:
x2-9=0
x=3)(x+3)=0
x=43
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horizontal asymptote:
4
n=m,s0 y= 1 =4

yprx=3

(=)
/ x)_(—x)+1_—x+1
S=x) # %), fi=x) # -fx)

no symmetry

y-intercept: y = ﬂ = 9
0+1 1

x-intercept:
—x=0

x=0
vertical asymptote:
x+1=0

x=-1
horizontal asymptote:
-1

n=m,s0 y=—=-1
T
x=-1)y
(050)_f!_
y=—1 - X
(_2’_2)\
O
It
_ —-X
f(x)_x+1
64, f(x)=—2
x+2
-3(—x) 3x
f(=x)=

Jx) # fix), flx) # (%)
no symmetry
y-intercept:
-3(0
BT
0+2
x-intercept:
-3x=0
x=0

0

S

HES y=4
X

65.

Section 2.6 Rational Functions and Their Graphs

vertical asymptote:
x+2=0

x=-2
horizontal asymptote:

n=m,so y=T=—3

x= =2,y

=3
-
} A
S
=Y

y = -3 R
(—4, —6) 4, -2)
TT1T 11
_ —3x
f(x)_x+2
f)=——
x2—
1 1
T

(—x)2 —4  x*-4
y-axis symmetry
1

. 1
y-intercept: y =— =—
02-4 4

x-intercept: —1 #0
no x-intercept
vertical asymptotes:

x> —4=0
x> =4
x=%2
horizontal asymptote:
n<mory=0
x= =24y

5 1
i
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67.

342

y-axis symmetry
y-intercept:

2 __2_ )
-1 -1
x-intercept: —2=0
no x-intercept
vertical asymptotes:

y=-

x> -1=0
(x— 1D+ 1)
x==+1

horizontal asymptote:
n<m,soy=0
x=-1)y

I
SHEL0,2)

(-3 e

X =

S =-

x2-1
f)=———

x“+x-2
2 2
f(=x)=-— )
(—x)"=x=2 x"-x-2

S # 1), f(=x) # —f(x)

no symmetry

. 2
y-intercept: y=-———-=—= -1
0°+0-2 -2
x-intercept: none
vertical asymptotes:
2

xX“+x-2=0
(x+2)(x-1)=0
x=-2,x=1

horizontal asymptote:
n<msoy=0

x= =24y
1 d 1
SV
/
HH 5 x
(_13 _ili) \(0’ —1)
O H
x=1
2
) =
f 2+x-2

2

68. f(x)=———

69.

x“=x=-2
-2 -2

f(_x)= (_x)z_(_x)_z = x2+x_2

SEx) 2 f(x0), f(=x) # =1 (x)
no symmetry
-2

S |
0%2-0-2

y-intercept: y =

x-intercept: none
vertical asymptotes:
x> —x=2=0
(x=2)(x+1)=0
x=2,x=-1
horizontal asymptote:
n<msoy=0

x=-1,y
[l |

©, 1) H

1) = ]
-2, —— S |
< %, '\3’_E>

x=2

_ -2
Sy = 2—x-2

2
f=—2
x“+4
2 2
A P A

(—x)*+4 x*+4
y axis symmetry

200 _
0% +4
x-intercept: 2x2 =0
x=0

vertical asymptote: none
horizontal asymptote:

y-intercept: y = 0

2
n=m, SO sz:2

y

D

( _ 2’ == —
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70.

71.

2
f =2

x“+1
_ 4(—)c)2 _ 452 _
(—x)?+1 %+l 7

y axis symmetry

f(=x)

4(0)°

> 0
0°+1
x-intercept: 4x? =0
x=0
vertical asymptote: none
horizontal asymptote:

y-intercept: y =

4
n=m, SO y=T24
Yy
R
L
(-1, |2|)\b}((1’ 2)
__(050} 51X

4x2

f& = x2+1

fo=5 2

x“+x—-6
—x+2 —x+2
f(=x) =

() (-6
J=x) # ), fix) # )
no symmetry

. 0+2 2 1
y-intercept: y=————=——=——

0*+0-6 6 3
x-intercept:
x+2=0
x=-2
vertical asymptotes:

¥ +x-6=0

(x+3)(x-2)
x=-3,x=2
horizontal asymptote:
n<m,soy=0

yrx=2

I ;

T » 5
-2,0 2
iR

u 0

< 1 i- x
4, —— 1
3I |\0, 3>
x=-3
x+2
Joo = 2+x—-6

72.

73.

Section 2.6 Rational Functions and Their Graphs

x—4
f(x)_—xz—x—6
flex) ==

(=x)’ ~(-x)=6 ¥ +x-6

S=x) # ), fix) # )

no symmetry

. 0-4 2
y-intercept: y=——"—=—

02-0-6 3
x-intercept:
x—4=0,x=4
vertical asymptotes:
x> —x-6=0
(x=3)(x+2)
x=3,x=-2

horizontal asymptote:
n<m,soy=0

I | 1
2\
<"’§ \ @.0)
L = —4
(_3’ _l/ \‘ '
[ x=3
x—4
fo = 2-x-6
f@=52
—x-2 —x-2
f(—x): =

(—x)* -4 x*—4
J=x) # f(x), ix) # Ax)

no symmetry

y-intercept: y = 0=2 _=2_1
T 02-4 4 2

x-intercept:
x=2=0,x=2
vertical asymptotes:

x=2
f@)==

x“ -4

x=2

S (x-2)(x+2)
1
Cox+2
x =-2 is a vertical asymptote.

Furthermore, the value 2 causes the original

denominator to be zero, but the reduced form of the
function’s equation does not cause the denominator

to be zero. Thus, there is a hole at x=2.
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horizontal asymptote:
n<m,soy=0

1
0, =
—24y ( 2>

x=
[T 3 1
N L&
(-1, il L, %)
| 1|
{“L{ hg_—f' X
(_3’_1)
)
LIy
T
_x=2
f(x)—xz_4
74, f(x)= "2_3
—x—3  —x-3
f)=—3"=7

(x> -9 x*-9
S=x) # fx), flmx) # (%)

no symmetry

-intercept: y = 0=3 3.1
x-intercept:
x=3=0,x=3
vertical asymptotes:
x=3

f)="

-9

x=3

(x=3)(x+3)
1

x+3
x =-3 is a vertical asymptote.
Furthermore, the value 2 causes the original
denominator to be zero, but the reduced form of the
function’s equation does not cause the denominator
to be zero. Thus, there is a hole at x =3.
horizontal asymptote:
n<m,soy=0

[ 1
F—h-H2s8
(-2, 1\ |/3’ 1)
\ 6
_.@_'
DX
(-4, D)
Y
L1
_x-3
JSx) = 7o

76.

4
X
f(x)_x2+2
4 4
Flen) =" -

y-axis symmetry

04
> ;=0
0°+2
x-intercept: xt=0
x=0
vertical asymptote: none
horizontal asymptote:
n>m, SO none

y-intercept: y =

[ ]
r

I\
A\

™

I
)

-2, 22

< 3/‘ \ /
(0, 0) ¥ ¥

U
1
»
w|oe
S~—]—

S@) = ———

4
f=2
x“+1
o 4
Flen)=2E0 L 2

(—x)?+1 %+l
y-axis symmetry

2(0%)
y-intercept: y = 5
0" +2
x-intercept: 2t =0
x=0
vertical asymptote: none
horizontal asymptote:
n>m, So none

=0

y
TTTK

LTTTRAR
EEENEE
(_ll’.l)[ L1 d(1, 1)-
(0,0) X

4
X) =
S x2+1
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71.

78.

2
f(x)zx -|;x—12
x4
3 =(—x)2—x—12=x2—x—12
f( x) (_x)2_4 x2_4

S(=x)# f(x), f(—x)#—f(x)

no symmetry

0% +0-12 _
0% -4

x-intercept: x> +x-12=0
(x=3)(x+4)=0
x=3,x=-4

y-intercept: y = 3

vertical asymptotes:

X2 —4=0
(x=2)(x+2)=0
x=2,x=-2

horizontal asymptote:

1
n=m,so y=-=1

1
x==2 4y
]
=

S =

xX“+x-6

(—x)2 _ 2
(—x)z—x—6 xz—x—6
SEx0) 2 f(x), f(=x) == f(x)

no symmetry

f()=

02
y-intercept: y = = 0
0°+0-6
x-intercept: x> =0,x=0

vertical asymptotes:

X +x-6=0
(x+3)(x-2)=0
x=-3,x=2

horizontal asymptote:

79.

Section 2.6 Rational Functions and Their Graphs

(0, 0) ===

(_29 _1)
H

-

x=2

2

_ x
f(x)_x2+x—6

3x2 +x—4
f) =7
2x° —5x
3(—x)? —x—4 3x*—x—4
(=)= 2 T2
2(—x)"+5x  2x"+5x

S # f(x), f(=x) #—f(x)
no symmetry
. 300> +0-4  —4
y-intercept: y = ————=—
2002 -50) O

no y-intercept
x-intercepts:

3x% +x-4=0
Gx+4)(x-1)=0
3x+4=0x-1=0
3x=—4
4

x=—-—,x=1
3

vertical asymptotes:

232 —5x=0
x(2x-5)=0
x=0,2x=5
5

x=—

2
horizontal asymptote:

n=m, so y—E
’ 2

y
5
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80.

346

x? —4x+3
f(x)= W
F(ex)= (—x)* —4(-x)+3 _ x> +4x+3
(—x+1)° (—x+1)°
Si=x) # x), A=) # %)
no symmetry
0% -4(0)+3 3
y-intercept: y=———F——=—-=3
(0+1) 1

x-intercept:

X2 —4x+3=0
x=-3)x-1)=0
x=3andx=1
vertical asymptote:

(x+1)* =0
x=-1
horizontal asymptote:

1
n=m,so y=I:1

x=—1y (093)
e
(=5, 3)71 (3,0)
y=1=’=---| =] -
(1, 01}
e
TTTTIR
¥ —4xr+3
S 1 D)2

a.  Slant asymptote:

f)=x

x
y=x

2

b f=

P21 42
r-)=! (x_)x) ~ e f
Origin symmetry

21 -1

-intercept: y = =—
y pt: y 0 0

no y-intercept
x-intercepts: x>-1=0
x==1

vertical asymptote: x =0

82.

horizontal asymptote:
n <m, SO none exist.

y y=x

|
3\ X X
(L‘ﬁ Ao o
H
&) = xzx_l
2
x“ -4
S(x)=
a. slant asymptote:
4
S =x——
X
y=x
2
x“ -4
b. f(x)=
2
-x) -4 x"-4
e B S R
-X -X
origin symmetry
0°-4 4

-intercept: y = =——
Y pt. y 0 0

no y-intercept
x-intercept:

x> —4=0

x=%2

vertical asymptote: x =0

horizontal asymptote:
n > m, SO none exist.

yp o y=x
(-1,3)
— y
(_23 0) /_(2, 0)
LA
‘A, -3)
¥ I
11
-4
Jo) = —
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83.

84.

fx) =

Slant asymptote:
1
f()=x+—
X
y=x

¥ +1

f(x) =

(—x)+1_ 2241
—X

fen) ==L

Origin symmetry

y-intercept: y = =

no y-intercept
x-intercept:
2 +1=0

X2 =-1

no x-intercept
vertical asymptote: x =0
horizontal asymptote:
7 > m, SO none exist.
vy 1,2)

o

\[/| #

77

2
f(x)=x;-1

x> +4

X

slant asymptote:
4
g =x+=
X
y=x

x> +4

f(x) =

x2
(—x) +4_x2+4__

Fx)= =—f(x)

-X
origin symmetry
0% +4
0

. 4
y-intercept: y = °
no y-intercept

XX +4=0

x> =—4

no x-intercept

vertical asymptote: x =0

Section 2.6 Rational Functions and Their Graphs

horizontal asymptote:
n > m, SO none exist.

y

10
:(\1? RN A
2, 49—

/IIHE>‘(__ ~y

Jx) =

X

85. a. Slant asymptote:
f(x)=x+ 4+L
x-3
y=x+4
> 4x—6
x=3

b. f(x)=

(—x)2 +(—x)-6 _ x> —x—=6

f(—x)z -x-3

f=x) # g(x), g(=x) # —g(x)
No symmetry

-intercept: y =
y Pt y="—/—
x-intercept:

x> +x-6=0

x+3)x-2)=0

x=-3andx=2
vertical asymptote:
x—-3=0

x=3
horizontal asymptote:
7> m, SO none exist.
Ypx=3

1
1

-

y=x+4

N

N\
he\

2 (4, 14)

(=3,0) L0,

|t~

2,0
X

HEft e

_ 2+x—6
Jw = ——==

2_
86. f(x):x—’”l
x—1

a. slant asymptote:
g =t
x—1

y=x

Copyright © 2018 Pearson Education, Inc.
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Chapter 2 Polynomial and Rational Functions

2_ p—
b. f(x)=xx—_xl1

no symmetry
J(=x) (%), f(—x) # —g(x)
y-intercept: y = m = S =-1
0-1 -1
x-intercept:
x> —x+1=0
no x-intercept

vertical asymptote:
x—1=0

x=1

horizontal asymptote:
n>m, so none

vpx=1
Ty
2, HHY
o/ e
d 0, -1
i

x—1
3
87. f()=—% *l
x°+2x
a. slant asymptote:
x=2
X2 +2x)x° +1
x> +2x2
—2x?
—2x% +4x
—4x+1
y=x-2
b. 0*+1 P+
f=x)= =

(—x)% +2(-x) X2 -2x
S # f(x0), [(=x)#-f(x)
no symmetry
. 0+1 1
y-intercept: y = ————=—
0-+2(0) O
no y-intercept
x-intercept: ¥+1=0
-1
-1

x3
X

vertical asymptotes:
2 +2x=0
x(x+2)=0
x=0,x=-2
horizontal asymptote:
n>m, so none

=
1]
[

[

‘-
/P

W

<>

L=
(-1,0)
PR NS EEL Eest o
b 8 I
X +1
f(x)_x2+2x
-1
88. f(x)= 3
.
a. slant asymptote:
x+9x—1
2.9
x*=9)x° -1
x> —9x
9x—1
y=x
b. S B |
flem =2l

(—x)> =9  x*-9

S # [0, f(=x%) # =1 (x)

no symmetry
3

-1
0*-9 9
x-intercept: x¥3-1=0
X =1

x=1
vertical asymptotes:

x*-9=0
(x=3)(x+3)=0
x=3,x=-3

horizontal asymptote:
n>m, so none

y-intercept: y =

x=-3yp,x=3 9
Ay =x
(0’1 [ 17
K L1, 0)
1 ﬂﬂ‘lx
65 z
~4, — |
< 7) 7 W
-1
x) =
s x2-9
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89.
-4 10x°
4 (x+2)7
(7] (x=2) 31 2P
2
o x+2
2x(x-2)
x+2
So, =
© f(x) 2x(x—2)
Yix=2
T 5
1\ = 39_>
(1,3/} o
\ X
i 3
-3
. x+2
f(x)—2x(x_2)
p— 2_
90. x=5  x"—10x+25

10x-2 2521
_ x5 25x% —1
10x=2 x2 —10x+25

2<% (5x+1) (3x=T)

25T (xos)f

_ Sx+1
2(x-5)
Sx+1
So, =
0. /() 2(x-5)
y x=5
S
: =3
1 T
57 X

91.

92.

Section 2.6 Rational Functions and Their Graphs

x 9
2x+6 x2_9
x 9 _ x 9
2x+6 x2-9 2(x+3) (x+3)(x-3)
_x(x=3)-9(2)
2(x+3)(x-3)
_ x?-3x-18
2(x+3)(x-3)
_ (x—6) _ x-6
2(x43) (x-3) 2(x-3)
x—6
So, =
o /=305
Yix=3
5 HHH
@604 4
| Ay =5
©, DA
[HE S A
| Y
_ x—6
o =350=%
2 4

W2 43x+2  x%+4x+3
2 4

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

(x+2)(x+1)(x+3)
2x+6—-4x-8

(x+2)(x+1)(x+3)

—2x-2
(x+2)(x+1)(x+3)

) _2

(x+2) (1) (x+3)  (x+2)(x+3)

-2
)

x=-3 y

Fi j‘mi

/I\
»
|
wl=
!

DM (-1, -1)

fO= e+
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Chapter 2 Polynomial and Rational Functions

3 3 3x+7 1
1- - ! = =
o3 a2 a2 (x+2)(x-2) 6 e T
1+ 1 1+ I (x+2)(x-2) x=-=24Y (1,4
x_2 x—2 |\ 7
_(x+2)(x-2)-3(x-2) s (.
(x+2)(x—2)+(x+2) (-3,2)H
_x?—4-3x+6 ;N T x
X2 —d+x+2 -39 1
_x2—3x+2 g(x)=?+3
=
x“+x-=2
_(-2) T 22 T B B
= = - x — = —
(x+2)M x+2 g -2 1.2
x=2 ( 7> Yix=2
= 0,_ T
So. 1= 2) sy
=y =3
¥=r A 3.2)
(_43 I3)I ] *
=1 7
T 9
1 b —1
HI A\ ( -
5 \(0 :215)—') g(x)— T—2 +3
-2
f@) = _
x+2 98, gm=22-"1 .
-4 x-4
—l y x=4
gq, _x.x_x=1_(x=1)(x+1) (0 2) G
x+l X x241 x2+1 "4
b =2
C(x=1)(x+1) x
So, f(x)_ 241 (%,0) 5, 1)
y It P
E §(r) = x—4 *
-t y=1 99. a. (C(x)=100x+100,000
5 x
(_15 0) (] 0
s — 1 1
e, -D) b C(x)=100x+100,000
—@=-Dx+1 x
fe) = 2+1
_ 100(500)+100,000
c.  C(500)= <00 = $300
95. g(x)= 2xt7 = ! When 500 bicycles are manufactured, it costs
xX+3  x+3 $300 to manufacture each.
- x=-34 (0 l) 5(1000)_100(1000)+100,000 — $200
=29 3 - 1000 -
u y=2 When 1000 bicycles are manufactured, it costs
(-4, ) $200 to manufacture each.
I X
) — 100(2000)+100,000
L1, ) C(2000) = ( 2300 =$150
g6 =75 +2 When 2000 bicycles are manufactured, it costs

$150 to manufacture each.
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Section 2.6 Rational Functions and Their Graphs

— 100(4000)+100,000 d. y=65
C(4000) = =$125 . .
4000 Over time, the pH level rises back to the normal
When 4000 bicycles are manufactured, it costs level.
$125 to manufacture each. e.  During the first hour, the pH level drops quickly
The average cost decreases as the number of below normal, and then slowly begins to
bicycles manufactured increases. approach the normal level.
d. n=mso y= 100 =100 . 102. a.  From the graph, the drug’s conc.en.tration after. three
1 hours appears to be about 1.5 milligrams per liter.
As greater numbers of bicycles are 53) 15
manufactured, the average cost approaches c(3)= =5 == 1.5
$100. 3°+1 10
This verifies that the drug’s concentration after
100. a. C(x)=30x + 300,000 3 hours will be 1.5 milligrams per liter.
b.  The degree of the numerator, 1, is less than the
— 300,000+30 >
b. C= 2T OOX degree of the denominator, 2, so the the
x horizontal asymptote is y =0 .
_ 300000 + 30(1000 Over time, the drug’s concentration will
c. C(1000)= 1000 ( ) =330 approach 0 milligrams per liter.
When 1000 shoes are manufactured, it costs 100(10—1)
$330 to manufacture each. 103. P(10)= =90 (10, 90)
- 300000 +30(10000
C(10000) = ( ) =60 For a disease that smokers are 10 times more likely to
10000 . contact than non-smokers, 90% of the deaths are
When 10,000 shoes are manufactured, it costs smoking related.
$60 to manufacture each.
_ _10009-1) _
C(100,00) = 300,000+ 30(100,000) _ 3 104. P9) = 5 =89 (9,89)

100,000

When 100,000 shoes are manufactured, it costs
$33 to manufacture each.
The average cost decreases as the number of

For a disease that smokers are 9 times more likely to
have than non-smokers, 89% of the deaths are
smoking related.

shoes manufactured increases. 105. y =100 As incidence of the diseases increases, the
percent of death approaches, but never gets to be,
30
d. n:m,soy:T:SO. 100%.
As greater numbers of shoes are manufactured, 106. No, the percentage approaches 100%, but never
the average cost approaches $30. reaches 100%.
101. a.  From the grgph the pH level of the human p(x) 1.75%2 —15.9x +160
mouth 42 minutes after a person eats food 107. a. f(x)= = 3
containing sugar will be about 6.0. q(x)  2.1x7 -3.5x+296
b. From the graph, the pH level is lowest after
about 6 minutes. b. According to the graph, % =0.67 or 67%
6.5 (6)2 —20.4(6)+234 of federal expenditures were spent on human
f(6)= 5 resources in 2010.
43 6 +36
- . According to the functi
The pH level after 6 minutes (i.e. the lowest pH ¢ eeor 11;g750 4062 unlcsl(g)n;() 160
level) s 4.8. £(x) = LRGN0 66 o
c¢.  From the graph, the pH level appears to 2.1(40)" - 3'5. (40)+296
approach 6.5 as time goes by. Therefore, the 66% of federal expenditures were spent on

normal pH level must be 6.5. human resources in 2010.
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Chapter 2 Polynomial and Rational Functions

d. The degree of the numerator, 2, is equal to the
degree of the denominator, 2. The leading
coefficients of the numerator and denominator
are 1.75 and 2.1, respectively. The equation of

the horizontal asymptote is y = % which is

about 83%
Thus, about 83% of federal expenditures will
be spent on human resources over time.

108. x — 10 = the average velocity on the return trip.
The function that expresses the total time required
to complete the round trip is

T(x)=@+ 600 .

x x-10
109. T(x)=%+§=m+§
9 x x x

The function that expresses the total time for driving
5

and hiking is 7(x) = m+—.
X x

110. 4 =xy=2500
_ 2500
X

P:2x+2y=2x+2(2500)=2x+5000

X X

The perimeter of the floor, P, as a function of the

width, x is P(x)=2x +M.
X

111. A=lw
xy =50
l=y+2=$+2
X
w=x+1
A=(&+2j(x+l)
X
=50+2+2x+2
X
=2x+§+52
X

The total area of the page is
A(x) = 2x+§+ 52.
X

112.-121. Answers will vary.

)| b REINORHMAL FLOAT AUTO REAL RADIAN MP n

The graph approaches the horizontal asymptote faster
and the vertical asymptote slower as n increases.

) R MEINORMAL FLOAT AUTO REAL RADIAN' MP I]

2+

=3 3

The graph approaches the horizontal asymptote faster
and the vertical asymptote slower as # increases.

) 2. M NORMAL FLOAT AUTO REAL RADIAN MP n
10

1P

g(x) is the graph of a line where f{x) is the graph of a
rational function with a slant asymptote.

In g(x), x — 2 is a factor of X2 —5x+6.

27725(x—14)

x2+9

NORMAL FLOAT AUTO" REAL RADIAN' MP n

400

125. 2. f(x)=
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Section 2.6 Rational Functions and Their Graphs

b.  The graph increases from late teens until about 139. The graph (a) passes the vertical line test and is
the age of 25, and then the number of arrests therefore is a function.
decreases. The graph (b) fails the vertical line test and is
therefore not a function.
c.  Atage 25 the highest number arrests occurs. The graph (c) fails the vertical line test and is
There are about 356 arrests for every 100,000 therefore not a function.
drivers. The graph (d) passes the vertical line test and is

] ) therefore is a function.
126. does not make sense; Explanations will vary.

Sample explqnation: A rational function can have at 140. The graphs of (b) and (d) pass the horizontal line
most one horizontal asymptote. test and thus have an inverse.

127. does not make sense; Explanatl'ons will vary. ' 141. 22+ x=15
Sample explanation: The function has one vertical 22 +x-1520
asymptote, x =2. (2x—5)(x+3)=0

128. makes sense 2x=5=0  or x+3=0

c= 5 x=-3

129. does not make sense; Explanations will vary. 2
Sample explanation: As production level increases, ) )
the average cost for a company to produce each unit The solution set is {_3=E}-
of its product decreases.

130. false; Changes to make the statement true will vary. 142. S +x? =4x+4
A sample change is: The graph of a rational Y 4xZ—4x—4=0
function may have both a vertical asymptote and a 2 (x+1)—4(x+1)=0
horizontal asymptote. (x+1)( ¥ 4)=0

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

131, true (e D +2)(x=2)

The solution set is {-2,—1,2}.

132. true

133, true 143, x+1_2=x+1_2(x+3)

x+3 x+3  x+3

134.-137. A ill Xl 2x+o

.—137. Answers will vary. = -
i x+ i’) 2x + 16&
+ - —
138. Letx = the number of miles driven in a week. = %
20+0.10x < 30+0.05x s
0.05x <10 Sk AP
x <200 x+3 x+3
Driving less than 200 miles in a week makes Basic
the better deal.
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Section 2.7
Check Point Exercises

L X2 —x>20
x2—x=20>0
(x+4)(x-5)>0
Solve the related quadratic equation.
(x+4)(x—5) =0
Apply the zero product principle.
x+4=0 or x-5=0
x=-4 x=5

The boundary points are —2 and 4.

Test Test .
Interval | Number Test Conclusion
(—oo,—4) 5 (=5)% = (=5)> 20 (—e0,—4) belongs to the
30> 20, true solution set.
(~4.5) 0 (0)2 —(0) > 20 (—4,5) does not belong to the
0> 20, false solution set.
(5,%0) 10 10)*> —(10) > 20 (5,00) belongs to the solution
’ 90 > 20, true set.

The solution set is (—co,—4)U(5,c) or {x|x <—4orx> 5}.

el L ) ! | | L -

L
Ly AN S R Ly

B—6-4-2 0 2 4 6 8 10 12
2. 2x? <—6x—1
2x% +6x+1<0
Solve the related quadratic equation to find the boundary points.
2x> +6x+1=0
a=2 b=6 c=1

—(6)£4/(6)* —4(2)(1)
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Section 2.7 Polynomial and Radical Inequalities

Interval Test Value Test Conclusion
—oo, _3_ﬁj -10 2(—10)2 <-6(-10)-1 [—oo, _3_ﬁ] is not part of the solution set
2 200 < 59, false 2

E}

2

2

(—3—\/7 —3+\/7J -1

2(-1)* <—6(~1)-1
2<5, true

|

37 3+7

SRR J is part of the solution set

— 2 —
3+ﬁ,°° 0 2(0) S_6(0)_1 3+\/7’°o is not part of the solution set
2 0< -1, false 2
The solution set is —3- \ﬁ s 3+ ﬁ .
2 2
1 1 ol Lo | ] 1 ] 1 1y
T T T T T T T T T
—5-4-3-2-1 0 1 2 3 4 5
X +3x2 <x+3
¥ +3x2—x=3<0
(x+1)(x—1)(x+3) <0
(x+1)(x=1)(x+3)=0
x+1=0 or x-1=0 or x+3=0
xX= —1 X = 1 X = —3
Test Interval | Test Number Test Conclusion
o ) (—4)® +3(—4)? < (-4)+3 —o.—3) bel he solufi
(—e0,-3) 4 o=t e (—e2,—3) belongs to the solution set.
(=3,—1] 5 (<2)® +3(=2)% <(-2)+3 (=3,-1] does not belong to the solution
’ - 4<1 false set.
_ (0 +3(0)> < (0)+3 _ ~
[-1,1] 0 023t [-1,1] belongs to the solution set.
[1,0) 5 (6+3)(6-5)>0 [1,e0) does not belong to the solution
? true set.

The solution set is (—eo,~3]U[-1,1] or {x|x<-3 or ~1<x<1}.

o - | | | T |

>
>

l
T T

1 1
T T
—5-4-3-2-T 01 2 3 4 5
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Chapter 2 Polynomial and Rational Functions

4. 2x

—2>1
x+1
2 s
x+1
150
x+1
x=1=0 or x+1=0
x=1 x=-1
Test Test ]
Interval Number Test Conclusion
(—o0,—1) i) 22 =1 (—eo,—1) belongs to the
’ 2 +411 >1, true solution set.
(-1,1] 0 205, (=1,1] does not belong to
’ 0 +(1) >1, false the solution set.
2(2)
—=2>1 -
[1,0) 2 2+1 [1,0) be?ongs to the
% >1, true solution set.

The solution set is (—s,~1)U[1,) or {x|x<-Torx>1}.

L

P I I | AY 1 L
< T T [

—5-4-3-2-1 0 1

203 4
5. —16¢% +80t > 64

—16£> +80t — 64> 0
—16(t=1)(t—4)>0

1y

t—1=0 or ¢t—4=0
r=1 1=4
Test Interval Test Number Test Conclusion
(=oo1) 0 ~16(0)% +80(0) > 64 (—eo,1) does not belong to the
0> 64, false solution set.
2
(1,4) 2 -16(2)" + 80(92g z gj’ e (1,4) belongs to the solution set.
(4,00) 5 ~16(5)% +80(5) > 64 (4,0) does not belong to the
0 > 64, false solution set.

The object will be more than 64 feet above the ground between 1 and 4 seconds.

Concept and Vocabulary Check 2.7
1. x> +8x+15=0; boundary

2. (=755 (55,73); (3e0)

3. true

4. true

5. [—o0,~2)U[l,c0)

356
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Exercise Set 2.7

1. (x—-4Hx+2)>0
x=4orx=-2

Test-3:(-3-4)(-3+2)>0
7>0 True
Test0: (0—-4)(0+2)>0
—8 >0 False
Test5: (5-4)(5+2)>0
7 >0 True
(—o0,—2) or (4,0)

e S A S

-2 4

2, (x+3)x-5>0
x=-3o0orx=5

Test 4: (4 +3)(—4-5)>0
9> 0 True

Test 0: (0+3)(0-5)>0
—15 >0 False

Test 6: (6 +3)(6—-5)>0
18 >0 True

The solution set is (—eo, —3) or (5, ).

<)==

-3 5

3. (x-7)x+3)<0
x=T7o0orx=-3

Test—4: (4-7)(4+3)<0
11 < 0 False
Test 0: (0—-7)(0+3)<0
—21 <0 True
Test 8: (8—7)(8+3)<0
11 <0 False
The solution set is [-3, 7].
«F - >
-3 7

Section 2.7 Polynomial and Radical Inequalities

x+Dx-7)<0
x=-lorx=7

F ‘ T
-1 7
Test2: (2+ 1)(-2-7)<0

9 <0 False

Test0: (0+1)(0-7)<0

-7 <0 True
Test8: (8+1)(8-7)<0

9 <0 False

The solrution set is [—1,_|7].

> L.
<

m| >

T
-1 7
X2 —5x+4>0
(x=4)(x-1)>0

x=4 or x=1
T ‘ F ‘ T
1 4

Test 0: 0% —5(0)+4>0
4> 0 True
Test2: 22 —5(2)+4 >0
—2 >0 False
Test 5: 52 —5(5)+4 >0
4 >0 True
The solution set is (—ee, 1) or (4, ).

-~ (3>

1 4

x> —4x+3<0
(x-D(x-3)<0

x=lorx=3
F ‘ T ‘ F
1 3

Test 0: 0% —4(0)+3<0
3 <0 False

Test 2: 2% —4(2)+3<0
-1 <0 True

Test4: 4% —4(4)+3<0
3 <0 False

The S(}lution set is (1, 3\).

< Ly v >

1 3
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7. X +5x+4>0 10. X2 —2x+1>0
(x+1)(x+4)>0 (x-1)(x-1)>0
x=-lorx=-4 x=1

T \ F \ T T T
4 -1 1
Test—5: (=5)% +5(=5)+4>0 Test 0: 0% —2(0)+1>0
4 >0 True 1>0 True
Test-3: (-3)% +5(-3)+4>0 Test2: 22 -2(2)+1>0
-2 >0 False 1>0 True
Test 0: 02 + 5(0)+4>0 The solution set is (—oo, 1) or (1, o).
4 >0 True € )1( >

The solution set is (—oo, —4) or (=1, 0).

) o 11. 3x2 +10x—8<0

—4 -1 Gx—2)(x+4)<0

8. X2+X—6>0 xzzorx=—4
(x+3)(x—2)>0

x=-3o0orx=2

F \ T \ F
T \ F \ T 4 2
-3 2 ’
Test—5: 3(=5)> +10(=5)—8 <0
Test—4: (—4)> —4-6>0 3) ( )17£0False
6 Z 0 True Test 0: 3(0)2 +10(0) =8 <0
Test 0: (0)"+0-6>0 8<0 True
—6> 0 False Test 1: 3(1)2 +10(1)—8<0
Test3: 32 4+3-6>0 5<0 False
6 > 0 Tru.e The solution set is [—4, 2} .
The solution set is (—oo, —3) or (2, o). 3
- > -~ ;>
-3 2 -4 2
3

9. x2—6x+9<0

(x=3)(x—3)<0

X =

Test 0: 0% —6(0)+9<0
9 <0 False

Test 4: 4% —6(4)+9<0
1< 0 False
The solution set is the empty set, &.

- o
- o
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12 9x%+3x-2>0
Bx-DBx+2)=20

3x=1 3x=-2
1 -2
X== x=—
3 3
T \ F \ T
=2 1
3 3
Test—1: 9(=1)2 +3(=1)=2>0
4>0 True
Test 0: 9(0)* +3(0)=2>0
-2 >0 False
Test 1: 9(1)> +3(1)=2<0
10> 0 True

The solution set is (—oo,_?z} or {%,“’}

<>

2

3

3 | =

13. 2x% +x<15

2x% +x-15<0
2x=5)(x+3)<0

2x=5=0 or xt3=0

2x=5
xzi or x=-3
2
F ‘ T ‘ F
-3 3
2

Test —4: 2(—4)% +(-4) <15
28 < 15 False
Test 0: 2(0)> +0<15
0 <15 True
Test 3: 2(3)* +3<15
21 <15 False

The solution set is (—3, %J .

- L
< >

QIJ/\
S =

14.

15.

Section 2.7 Polynomial and Radical Inequalities

6x> +x>1
6x> +x—1>0
2x+D)Bx-1)>0

2x+1=0 or 3x-1=0
2x=-1 3x=1

2 3

Test—1: 6(—1)> +(-1)>1
5>1 True
Test 0: 6(0)> +0>1
0> 1 False
Test 1: 6(1)% +1>1
7> 1 True

The solution set is (—w,—lj or (l,‘x’)
2 3

-~

N |t

1
3

4x% +7x <=3

4x% +7x+3<0
(4x+3)(x+1)<0

4x+3=0 or x+1=0
4x-3=0

F

_3
4

Test—2: 4(-2)> +7(-2) <=3
2 < -3 False

2
Test —Z: 4(—zj +7(—zj<—3
8 8 8

Test 0: 4(0)* +7(0) < -3
0 < -3 False

The solution set is [—l, —%)

L
’ o

-
<

,L/\
FNQIONE
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16. 3x% +16x < =5 18. 4x% +1> 4x
3x% +16x+5<0 4x* —4x+120
Gx+1)(x+5)<0 Qx—1)(2x=1)=0
3x+1=0 or x+5=0 2x—1=(i

3x:—1 X=—
1 x=-5 2
X=——
3
F ‘ T ‘ F T T
1
,5 _l E

. 2
Test —6: 3(=6)> +16(—6) < -5 Test 0: 4(0)” +124(0)

12 < -5 False 1 ngme
Test —2: 3(-2)% +16(-2) <5 Test 1: 4(1)" +124(1)
—20 <5 True ™ 15 .34 Tru.e
t t —00, 00),
Test 0: 3(0)% +16(0) < -5 @ solution set is (e, )
0 <-5 False - >
The solution set is (—5, —lJ 19. x*-4x>0
3 x(x—=4)=0
< L AY >
I 7 - x=0o0rx-4=0
-5 1 x=4
3
5 T \ F \ T
17. 5x<2-3x
3x2 +5x=2<0 0 4
(Bx—D(x+2)<0 Test—1: (=1)? —4(~1)>0
3x—1=0o0rx+2=0 520 True
3x=1 Test 1: (1)2 —4(1)>0
3x—1=0 or x+2=0 ~3>0 False
3x=1 0<2 True
1 Test 5: 52 —4(5)>0
73 or x=-2 5>0 True
The solution set is (—oo, 0] or [4, o).
F \ T \ F -~
0 4
-2

Q| —

Test —3: 5(=3) < 2—3(-3)?
—15<-25 False
Test 0: 5(0) < 2—3(0)°
0<2 True
Test 1: 5(1) < 2-3(1)2
5 <-1 False

The solution set is [—2,1} .

Y

>
«

|
N
Dl SIN
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20. x> +2x<0
x(x+2)<0

x=0orx=-2

Test—3: (-3)* +2(-3)< 0
3 <0 False
Test—1: (=1)2 +2(=1)< 0
—1 <0 True
Test 1: (1)* +2(1)<0
3 <0 False
T‘he sollution set is (—2,\0).

L.
- ’

SN

<
-2

21. 2x% +3x>0
x(2x+3)>0

x=0or x=—é
2

T ‘ F ‘ T
0

_3
2

Test—2: 2(-2)> +3(=2) >0
2>0 True
Test—1: 2(=1)* +3(-1)>0
—1 >0 False
Test 1: 2(1)> +3(1) > 0
5> 0 True

The solution set is [—oo, —%) or (0, ).

-~ (=

_3 0
2

22.

23.

Section 2.7 Polynomial and Radical Inequalities

3x% —5x<0
x(3x-5)<0
x=0or x=§
3
F ‘ T ‘ F
0 5
3
Test—1: 3(=1)> =5(-=1) <0
8 <0 False
Test 1: 3(1)> =5(1)< 0
-2 <0 True
Test 2: 3(2)% =5(2)<0
2 <0 False
The solution set is {0, %}
< L | 3>
< n 1 >
0 S
3
x> +x20
x> —x<0
x(x-1)<0
x=0 or x=1
F ‘ T ‘ F
0 1
Test—1: —(=1)2 +(=1)>0
—22>0 False
2
Testl:— l + l >0
2 2 2
— 20 True
4

Test2: —(2)> +22>0

—2 >0 False
The solrution set is [0, 11].
-« r - >
0 1
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24, —x*+2x20 26. X2 <2x+2
x(-x+2)>0 X2 —2x-2<0
x=0orx=2 Solve x2 —2x-2=0
F ‘ T ‘ F xz—bi\/b2—4ac
0 5 2a
2
Test—1: —(=1)2 +2(=1)> 0 = ZEDENEDT 4D
-3 >0 False 2(1)
24412
Test 1: —=(1)2 +2(1) 2 0 = j—
1 >0 True —1+3
Test 3: ~(3)2 +2(3) =0 x=-0.73 or x=2.73
-3 >0 False
The solrution set is [0, 21]. F ‘ T ‘ F
~€ r 1 >
; 3 —0.73 2.73
The solution set is |:1—\/§,1+\/§] or [-0.73,2.73].
25. x2S4x—2 ] L. I ] -
2 ~ 1 T ! L I I
x°—4x+2<0
1-V3 1+V3

Solve x> —4x+2=0

x:—bi\/b2—4ac 27. ¥*—6x+9<0

2a Solve x> —6x+9=0
Gk VD2 —4(1)2) (x— 3)(x—3 32) - g
2(1) (x_ ) -
448 x=3
2
=242 F F
x=0.59 or x=3.41 3
F ‘ T ‘ F The solution set is the empty set, .
0.59 3.41 < >
The solution set is [2—\5,2+J§] or [0.59,3.41]. 28. 4x2 —4rx+130
<t p—p—— > Solve 4x? —4x+1=0
2-V2 2+V2 2x-DRx-1)=0
2x-1)*=0
1
xX=—
2
T T
1
2
The solution set is (—oo, o0).
- >
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29. (x—D(x—2)(x-3)=0
Boundary points: 1, 2, and 3
Test one value in each interval.

F‘T‘F‘T

1 2 3
The solution set is [1, 2] U [3, «).

« —

1 2 3

30. (x+D)(x+2)(x+3)=0
Boundary points: —1, -2, and -3
Test one value in each interval.

F ‘ T ‘ F ‘ T

-3 -2 -1
The solution set is [-3, —2] U [-1, «).

- L |
< %’—)

L |
-3 2 -1

31. x3—-x)(x-5)<0
Boundary points: 0, 3, and 5
Test one value in each interval.

F | 1 | F | T
0 3 5
The solution set is [0, 3] U [5, «).
F 1 —>
-3 -2 -1

32. x(4—x)(x—6)<0

Boundary points: 0, 3, and 5
Test one value in each interval.

F‘T‘F‘T

0 4 6
The solution set is [0, 4] U [6, «©).

L | L =
L d L ~

0 4 6

33. (2—x)2(x—%)<0

Boundary points: 2, and %

Test one value in each interval.

T ‘ T ‘ F
> 3
The solution set is (—eo,2) u(2,%) )
_ AV4 AY
2 3

Section 2.7 Polynomial and Radical Inequalities

3. (5-07(x-L)<0

Boundary points: 5, and %

Test one value in each interval.

T ‘ T ‘ F
13
5 2
. . 13
The solution set is (—e,5)U (5,7) )

- AY4 AY
N N 7
5 1

X +2x*—x=22>0
X (x+2)—1(x+2)>0

(x+2)(x*>=1)=0
(x+2)(x=1)(x+1)=0

Boundary points: -2, —1, and 2
Test one value in each interval.

The solution set is [-2, —1] U [1, o).
<~F . —

-2 -1 1

X +2x% —4x—820
X (x+2)—4(x+1)20

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

Boundary points: —2, and 2
Test one value in each interval.

F ‘ F ‘ T
-2 2
The solution set is [—2,—2] U [2, ).

<~ 3>

-2 2

¥ +2x2 —x=2>0

x*(x=3)-9(x—3)=0
(x=3)(x*=9)20
(x=3)(x+3)(x—-3)=0
Boundary points: —3 and 3
Test one value in each interval.

T ‘ F ‘ F
-3 3
The solution set is (—oo,—3].
-« 3 >
-3
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38. X +7x°—x-7<0 42. X -4x* <0
2(x+T) = (x+7)<0 2(x-4)<0
(x+ 7)(x2 -1)<0 Boundary points: 0 and 4.
(x+Dx+D(x-1)<0 Test one value in each interval.
Boundary points: —7, —1 and 1 T T F
Test one value in each interval. 0 4
T \ F \ T ‘ F , .
The solution set is (—o0, 4].
i >
=7 -1 1 < i >
The solution set is (—o0 , —-7) U (=1, 1).
- —— .
=7 -1 1 43. 250
x+3
39. X +xr+4x+4>0 x=4=0 x+3=0
O+ +4(x+1)20 x=4  x=-3
(x+1)(x2 +4)>0 T F | T
Boundary point: —1 -3 4
Test one value in each interval. ) )
The solution set is (—oo,—3)U (4, o).
F ‘ T
-~ (>
-1 -3 4
The solution set is (—1,00).
< ¢ > > 4. 2250
o \
-1 x=2
x=-5orx=2
40. X —x*+9x-9>0 T ‘ F ‘ T
P x=D)+9(x=1)20 -5 2
(x— 1)(x2 +9)>0 The solution set is (—oo, —5) U (2, ).

Boundary point: 1. -~

Test one value in each interval.

F T
| 5. 320
1 x+4
The solution{set is (1, o). x=-3 or x=-4
= 3 > FoloT | F
-4 -3
41. x> -9x* >0 The solution set is (-4, -3).
¥ (x=9)=0 < s A >
Boundary points: 0 and 9
Test one value in each interval. 5
46. 20
A 2
0 9 x=-5or x=-2
The solution set is [0,0] U[9, o). F ‘ T ‘ F

=3 -5 -2

0 ? The solution set is (-5, —2).
& 3 5>
¢ i >

-5 -2
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47.

48.

49.

50.

The S(r)lution setis [2, 4).
-~ >
2

S 4

—-x-3 <0
x+2

x=-3 or x=-2

The solution set is [—g, 3).

A

>
>

W |nrm
(52N 74

51.

52.

53.

54.

Section 2.7 Polynomial and Radical Inequalities

>0
x-3
x=0orx=3
T ‘ F ‘ T
0 3
The solution set is (—oo, 0) U (3, =0).
<~ (=
0 3
x+4 >0
X
x=—4orx=0
T ‘ F ‘ T
4 0
The solution set is (—o,—4) U (0, =).
-~ (=
-4 0

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

x+2
x=—4 or x=-2or x=1.

T ‘ F ‘ T ’ F

—4 -2 1
Values of x =—4 or x=1 resultin f(x)=0 and,
therefore must be included in the solution set.
The solution set is (—eo,—4]U(-2,1]

]+
-4 =2 1

(r+3)x=2) o

x+1
x=-3 orx=-1or x=2.

T ‘ F ‘ T ‘ F

-3 -1 2

Values of x=—3 or x=2 resultin f(x)=0 and,
therefore must be included in the solution set.
The solution set is (—eo, —3]U(-1,2].
>

-3 -1 2
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5S.

56.

57.

366

+1
T 58. L
f+3 x—
240 L _1<o
1500 x-3
H—(;C)<0 1 x-3 0
X+ _ —
x+1-2x—6 X 31_§+%
<0 <0
x+3 5 x—3
X2 —x+4<0
x+3 x=3

x=orx =-3

T ‘ F ‘ T
T ‘ F ‘ T
=5 -3
. . 3 4
The solution set is (—o0, —5) U (=3, ).
The solution set is (—oo, 3) U (4, o).
= 5 - (>
3 4
x
—>2
s 59. 2,
_1_2>() x+2
x— X
_ -2<0
x o 2x 1)>0 12
x—1  x-1 x—-2-2(x+2)
x—2x+2 —=<0
1 >0 x2+22 4
X— e R, TP
o T <0
. >0 x+2
X— —x—6S0
x=2orx=1 x+2
F ‘ T ‘ F x=—6 or x=-2
1 2 T \ F \ T
The solution set is (1, 2).
- € A L. -6 -2
D) 7 . . .
1 2 The solution set is (—oo, — 6] (=2, o).
H—H»
x+4S3 —6 )
24x—l
SRR T'Y) Y >2
xX— x+2
x+4—3(2x—1)£0 Y _9>0
2x—1 x+2
x+4—6x+3£0 X _2(x+2)20
2x—1 x+2  x+2
“Sx+7 XZ2xmdy,
2x—1 x+2
x4,
T | F | T x+2
1 A
2 5 x=—4orx=-2
x—Z or x—l F ‘ T ‘ F
5 2
—4 -2
€ l) ZE > ’Ehe sglution set is [—ét, —2).‘
2 5 - L 4 o
-4 -2
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61. f(x)=+2x>—5x+2

The domain of this function requires that 2% —5x+220
Solve 2x* —5x+2=0
(x=2)2x-1)=0

1
XxX=—or x=2
2

T ‘ F ‘ T

1 2
2

The domain is (—w,%} U[2, ).

]
f(X)=—F———=
Vax? —9x+2

The domain of this function requires that 452 —9x+2>0
Solve 4x% —9x+2=0
(x=2)4x-1)=0

62.

1
x=—or x=2
4

T ‘ F ‘ T

L 2
4

The domain is (—oo, %) U(2, ).

63. f(x)=,—

2
g
x+1

The domain of this function requires that 2x -120 or x-1 >0
x+1 x+1

x=-1 or x=1

The value x =1 results in 0 and, thus, it must be included in the domain.
The domain is (—eo, —1)U[1, ).

Copyright © 2018 Pearson Education, Inc.
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64.

X
fx) = _2x—1_1

The domain of this function req

F

uires that -120 or

2x-1

65.

368

|
L 1
2

—)c+1>

2x-1

The value x =1 results in 0 and, thus, it must be included in the domain.

The domain is (—eo, —1)U[1, ).

|2 + 2536 >12
Express the inequality without

x2+2x—36<—12 or x2+
x? +2x-24<0 ¥+

the absolute value symbol:

2x-36>12
2x—48>0

Solve the related quadratic equations.

x> +2x-24=0 or x*+
(x+6)(x—4)=0 (x+38

2x—-48=0
)(x—6)=0

Apply the zero product principle.

x+6=0 or x—4=0 or x+8=0 or x—-6=0
x=-06 x=4 x=-8 x=6
The boundary points are —8, —6, 4 and 6 .
Test Interval | Test Number Test Conclusion
(_°°s —8) -9 ‘(_9)2 +2(—9)—36 >12 (—°°,—8) bClOHgS to the
solution set.
27 >12, True
(-8,-6) -7 ‘(_7)2 +2(=7)-36/> 12 (—8,—6) does not belong
to the solution set.
1>12, False
(~6,4) 0 ‘02 +2(0)—36‘ >12 (—6,4) belongs to the
36> 12, True solution set.
(4,6) 5 ‘52 +2(5)-36|>12 (4,6) does not belong
to the solution set.
1>12, False
(6,0) 7 ‘72+2(7)—36‘>12 (6,50) belongs to the
27> 12. True solution set.
The solution set is (—eo,—8)U(—6,4)U(6,°) or {x|x <-8or —6<x<4dorx> 6} )
<| AY L Il | | | AY L | |
! J \ T 1 ! T 7 < T T
-10-8-6-4-2 0 2 4 6 8 10
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66.

67.
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‘xz +6x + 1‘ >8
Express the inequality without the absolute value symbol:

x> +6x+1<—-8 or x*>+6x+1>8
x> +6x+9<0 2 +6x-7>0

Solve the related quadratic equations.

x> +6x+9=0 or XX +6x-7=0

(x+3=0  (x+7)(x-1)=0
x+3=+J0 or x+7=0 or x-1=0
1

x+3=0 x=-7 X =
x=-3
The boundary points are —7,—-3, and 1.
Test Interval | Test Number Test Conclusion
(==.=7) -8 ‘(—8)2 +6(-8)+ 1‘ >8 (~==,~7) belongs to the
solution set.
17 =28, True
(-7,-3) -5 ‘(_5)2 +6(-5) +1‘ >3 (=7,-3) does not belong
to the solution set.
4 > 8, False
(-3.,1) 0 ‘02 +6(0)+ 1‘ >38 (=3,1) does not belong
1>, False to the solution set.
(1,%0) 2 ‘22 +6(2)+1‘>8 (1,0) belongs to the
17> 8. True solution set.

The solution set is (—eo,~7)U(1,00) or {x|x <—T7orx> l} .

s
L
\

~ ettt
-10-8-6-4-2 0 2 4 6 8 10
3 3
>
x+3 x-2
Express the inequality so that one side is zero.
3 3
—_ >0
x+3 x-2
3(x-2) 3(x+3)
(x+3)(x-2) (x+3)(x-2)
3x—6—3x—9<0
(x+3)(x-2)
-15

— <
(x+3)(x-2)
Find the values of x that make the denominator zero.

x+3=0 x—=2=0
x=-3 x=2

The boundary points are —3 and 2.
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68.

370

Test Interval | Test Number Test Conclusion
(—e0,-3) -4 3 0.3 (—ee,—3) does not belong
—4+43  —4-7 | tothe solution set.
-3> l, False
2
(-3,2) 0 3 S 3 (-3,2) belongs to the
0+3  0-2 solution set.
1> _E’ True
2
(2,00) 3 3 .3 (2,%0) does not belong
3+3 3-2 to the solution set.
1 > 3, False
2

|
> o

SR I Y AN B |
I I |

The solution set is (—3,2) or {x|—3 <x< 2} )
5-4-3-2-1 0 1
-1

| |
T 1 T
3 45

[ )

LN
x+1 x
Express the inequality so that one side is zero.
1 2
— >0
x+1 x-1
x—1 2(x+1)
(x+1)(x-1) (x+1)(x-1)
x—1-2x-2
(x+1)(x-1)

— =<0
(x+1)(x-1)
Find the values of x that make the numerator and denominator zero.

—x—-3=0 x+1=0 x—-1=0
—3=x x=-1 x=1
The boundary points are -3, —1, and 1.
Test Interval | Test Number Test Conclusion
(—e0,-3) -4 1 2 (—ee,—3) belongs to the
441 =3-1 solution set.
1 1
——>——, True
(-3,-1) -2 1 S 2 (-3,—1) does not belong
2+1 =241 to the solution set.
-1> —g, False
3
(-L1) 0 1 S 2 (—3,1') belongs to the
0+1  0-1 solution set.
1>-2, True
(1,%0) 2 1 2 (1,e0) does not belong
241 2-1 to the solution set.
—>1, False
3

~ ) —— —
-5-4-3-2-1 0 1 2 3
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69. 2
x2 x=2 50
x“—4x+3
Find the values of x that make the numerator and denominator zero.
x> -x-2=0 X2 —4x+3=0

(x=2)(x+1)=0 (x=3)(x-1)=0
Apply the zero product principle.

x—=2=0 or x+1=0 x=3=0 or x-1=0
x=2 x=-1 x=3 x=1
The boundary points are —1, 1, 2 and 3.
Test Interval | Test Number Test Conclusion
(=oo,=1) -2 (_2)2 —(-2)-2 (—eo,—1) belongs to the
>0 solution set.
(-2)"—4(-2)+3
— >0, True
15
(-L1) 0 02_0_2 (-1,1) does not belong
————>0 to the solution set.
0> —4(0)+3
——>0, False
3
(1,2) 1.5 152-15-2 (1,2) belongs to the
— >0 solution set.
152 —4(1.5)+3
—>0, True
3
(2,3) 2.5 252_25_2 (2,3) does not belong
— >0 to the solution set.
252 -4(2.5)+3
—Z > 0, False
3
(3,00) 4 42 _4-2 (3,0) belongs to the
—————>0 solution set.
42 -4(4)+3
—>0, True
3

The solution set is (—eo,—1)U(1

) —— )
-5-4-3-2-1 0 1 2

2)U(3,0) or {x|x<—1 orl<x<2 0rx>3}.
;»

4

[FSV "N
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70.

372

X —3x+2
- >

0
x> —2x-3

Find the values of x that make the numerator and denominator zero.

x> —3x+2=0
(x—2)(x—1) =0

x> —2x-3=0
(x—3)(x+1) =0

Apply the zero product principle.

x—2=0 or x-1=0 x—=3=0 or x+1=0
x=2 x=1 x=3 x=-1
The boundary points are —1, 1, 2 and 3.
Test Interval | Test Number Test Conclusion
(=o0,-1) |2 (_2)2 ~3(-2)+2 (—eo,—1) belongs to the
¥ —3x+2 20l A > solution set.
- = -2)"=2(-2)-3
0| (2P -2
—>0, True
(-L1) 0 02 -3(0)+2 (-1,1) does not belong
>0 to the solution set.
02 -2(0)-3
_2 > 0, False
3
(1,2) 1.5 1.52-3(1.5)+2 (1,2) belongs to the
—— >0 solution set.
157 -2(1.5)-3
— >0, True
15
(2,3) 2.5 252 -3(2.5)+2 (2,3) does not belong
— >0 to the solution set.
2.52-2(2.5)-3
_3 > 0, False
7
(3,90) 4 42 ~3(4)+2 (3,0) belongs to the
>0 solution set.
42_2(4)-3
9 >0, True
5
The solution set is (—eo,—1)U(1,2)U(3,0) or {x|x <-lorl<x<2orx> 3} .
e} ——— )t
-5-4-3-2-1 0 1 2 3 4 5
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72.

73.
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20 +11x2 > 7x+6
233 +11x%* = 7x—-620

The graph of f(x)= 253 +11x% = 7x—6 appears to cross the x-axis at -6, —%, and 1. We verify this

numerically by substituting these values into the function:
f(-6)= 2(—6)3 +11(—6)2 —-7(—6)-6=2(-216)+11(36)—(—42)-6=-432+396+42-6=0

T I ) R e et (Y N A B
F(1)=2(1) +11(1)* =7(1)=6=2(1) +11(1)=T=6=2+11-7-6=0

. 1 . . .
Thus, the boundaries are —6, —5 ,and 1. We need to find the intervals on which f (x) > 0. These intervals are

o . . . . 1
indicated on the graph where the curve is above the x-axis. Now, the curve is above the x-axis when —6 < x < 3

1 1
—6<x<—— or x>1; or | —-6,—— |U[L,e0).
2 } { 2} (1)

and when x >1. Thus, the solution set is {x

20 +11x% < Tx+6
20 +11x% = 7x—-6<0

In Problem 63, we verified that the boundaries are —6, —% ,and 1. We need to find the intervals on which

/(x)<0. These intervals are indicated on the graph where the curve is below the x-axis. Now, the curve is

below the x-axis when x <—6 and when —% < x <1. Thus, the solution set is {x x<—6 or —% <x< 1} or

1

(—oo,—6)U(—5,l].

1 <_ 3
4(x+2)_ 4(x—2)
1 3

<0

+
4(x+2) 4(x-2)
Simplify the left side of the inequality:

x=2  3(x+2)  x-2+3x+6 4x+4 4(x+1) x+1

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

The graph of f(x)= x

x“ -4
the boundaries are =2, —1, and 1. We need to find the intervals on which f (x) < 0. These intervals are

crosses the x-axis at —1, and has vertical asymptotes at x=-2 and x=2. Thus,

indicated on the graph where the curve is below the x-axis. Now, the curve is below the x-axis when x < -2 and
when —1< x < 2. Thus, the solution set is {x| x<=2 or —-1<x< 2} or (—ee,—2)U[-1,2).
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74.

75.

76.

77.

1 3 3
4(x+2) 4(x—2)
! + 3 >0
4(x+2) 4(x—2)
x+1

—>0

(x+2)(x-2)
The boundaries are -2, —1, and 2. We need to find the intervals on which f (x) > 0. These intervals are
indicated on the graph where the curve is above the x-axis. The curve is above the x-axis when -2 <x < -1 and

when x >2. Thus, the solution set is {x|—2 <x<-1or x> 2} or (—2,-1)U(2,0).

s(t)=—161% +8¢+87
The diver’s height will exceed that of the cliff when s(¢) > 87

—16¢> +8t+87 > 87

—16t>+8t>0
—8t(2t—1)>0

The boundaries are 0 and % Testing each interval shows that the diver will be higher than the cliff for the first half

second after beginning the jump. The interval is (O,%J .

s(t) = —16£> + 48t +160
The ball’s height will exceed that of the rooftop when s(¢) > 160

—16t> +48¢+160 > 160

~166% +48¢> 0
—16t(t-3)>0
The boundaries are 0 and 3. Testing each interval shows that the ball will be higher than the rooftop for the first three

seconds after the throw. The interval is (0,3).

F(x)=0.0875x> —0.4x+66.6
g(x)=0.0875x +1.9x+11.6

a. f(35)= 0.0875(35)2 —0.4(35)+66.6 =160 feet
g(35) = 0.0875(35)2 +1.9(35)+11.6 = 185 feet
b. Dry pavement: graph (b)
Wet pavement: graph (a)

The answers to part (a) model the actual stopping distances shown in the figure extremely well. The function values
and the data are identical.
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d.

Section 2.7 Polynomial and Radical Inequalities

0.0875x% —0.4x +66.6 > 540
0.0875x% —0.4x +473.4>0
Solve the related quadratic equation.

0.0875x> —0.4x+473.4=0

o —bi\/b2 —4ac

2a
—~(-0.4) J_r\/(—0.4)2 —4(0.0875)(473.4)
X =
2(0.0875)

x==71 or 76
Since the function’s domain is x > 30, we must test the following intervals.

Interval | Test Value Test Conclusion

(30,76) 50 0.0875(50)? —0.4(50)+66.6 > 540 (30,76) does not belong

265.35 > 540, False | to the solution set.
(76,) 100 0.0875(100)% — 0.4(100) + 66.6 > 540 (76,00) belongs to the
901.6 > 540, True | solution set.

On dry pavement, stopping distances will exceed 540 feet for speeds exceeding 76 miles per hour.
This is represented on graph (b) to the right of point (76, 540).

£(x)=0.0875x> —0.4x+66.6

2(x)=0.0875x% +1.9x+11.6

£(55) =0.0875(55)% — 0.4(55) + 66.6 =~ 309 feet
2(55) = 0.0875(55)% +1.9(55) +11.6 =~ 381 feet

Dry pavement: graph (b)
Wet pavement: graph (a)

The answers to part (a) model the actual stopping distances shown in the figure extremely well.

0.0875x% +1.9x+11.6 > 540
0.0875x% +1.9x+528.4 >0
Solve the related quadratic equation.

0.0875x% +1.9x+528.4=0

= —bi\/b2 —4dac

2a
-1.9)% \/(1 9)% —4(0.0875)(528.4)
x =
2(0.0875)

x=-89 or 68
Since the function’s domain is x > 30, we must test the following intervals.

Interval | Test Value Test Conclusion

(30,68) 50 0.0875(50)% +1.9(50) +11.6 > 540 (30,68) does not belong

325.35 > 540, False | to the solution set.
(68,0) 100 | 0.0875(100) +1.9(100) +11.6 > 540 (68,%0) belongs to the
1076.6 > 540, True | solution set.

On wet pavement, stopping distances will exceed 540 feet for speeds exceeding 68 miles per hour.

This is represented on graph (a) to the right of point (68, 540).
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79. Letx = the length of the rectangle.
Since Perimeter = 2(length)+2(width) , we know

50 = 2x+2(width)
50— 2x = 2(width)

width = 50-2x =25—x

Now, 4 = (length)(width), so we have that
A(x) <114
x(25-x)<114
25x—x> <114
Solve the related equation
25x—x* =114
0=x>-25x+114
0=(x-19)(x-6)
Apply the zero product principle:
x—=19=0 or x-6=0
x=19 x=6
The boundary points are 6 and 19.

Test Interval | Test Number Test Conclusion

(==,6) 0 25(0)-0% <114 (—o°,6) belongs to the
0<114, True solution set.

(6,19) 10 25(10)_102 <114 (6,19) does not belong
150 <114, False | to the solution set.

(19,00) 20 25(20)_202 <114 (19,00) belongs to the
100 <114, True | solution set.

If the length is 6 feet, then the width is 19 feet. If the length is less than 6 feet, then the width is greater than 19
feet. Thus, if the area of the rectangle is not to exceed 114 square feet, the length of the shorter side must be 6
feet or less.
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80. 2/+2w=P
21 +2w=180
21=180—-2w
[=90-w
We want to restrict the area to 800 square feet. That is,
A <800
[-w<800
(90— w)w <800
90w —w* <800
—w? +90w—800<0
w? —90w+800> 0

w? —90w+800=0
(W—SO)(W—IO) =0

w—=80=0 or w-10=0

w =80 w=10
Assuming the width is the shorter side, we ignore the larger solution.
Tsstvar | Aeshber Test Conclusion
(0,10) 5 90(5)—(5)> <800 true (0,10) is part of the solution set
(10,45) 20 90(20) —(20)2 <800 false | (10,45) is not part of the solution set

The solution set is {w|0<w<10} or (0,10].
The length of the shorter side cannot exceed 10 feet.

81.—-85. Answers will vary.

86. The solution set is (—oo, -5) U(2, o).

—3Sx£l or [—3, l}
2 2

88. The solution set is (-2, —1) or (2, o).

87. The solution set is {x

89. The solution set is (1, 4].

x+2

90. Graph y, = 3 and y, =2

X—
¥, less than or equal to y, for x<3orx=8.
The solution set is (—eo,3)U[8,0)

and y, = 2
x+1 72 x+4

¥, less than or equal to y, for 4<x<—-lorx=>2.
The solution set is (—4,—1)U[2,)

91. Graph y, =
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92.

93.

94.
9s.
96.
97.

98.

378

a.  f(x)=0.1125x> —0.1x+55.9

b.  0.1125x*> —0.1x+55.9 > 455
0.1125x2 —0.1x+399.1> 0
Solve the related quadratic equation.

0.1125x% —0.1x+399.1 =0

o= —bi\/bz —4dac

2a
—-(-0.1)x \/(—0. 1)2 —4(0.1125)(399.1)
x =
2(0.1125)

x=-=59 or 60
Since the function’s domain must be x >0, we must test the following intervals.

Interval | Test Value Test Conclusion

(0,60) 50 0.1125(50)> —0.1(50) +55.9 > 455 (0,60) does not belong

332.15 > 455, False | to the solution set.
(60,00) | 100 | 0.1125(100)% —0.1(100)+55.9 > 455 (60,00) belongs to the
1170.9 > 455, True | solution set.

On dry pavement, stopping distances will exceed 455 feet for speeds exceeding 60 miles per hour.
a.  f(x)=0.1375x> +0.7x+37.8

b.  0.1375x> +0.7x+37.8 > 446
0.1375x% +0.7x+408.2> 0
Solve the related quadratic equation.

0.1375x% +0.7x +408.2 =0

o —bi\/b2 —4ac

2a
e —-0.7)% \/(0.7)2 —4(0.1375)(408.2)

2(0.1375)
x==57 or 52
Since the function’s domain must be x >0, we must test the following intervals.
Interval | Test Value Test Conclusion
(0.52) 10 0.1375(10)% +0.7(10) +37.8 > 446 (0,52) does not belong
58.55 > 446, False | to the solution set.
(52,0) | 100 10.1375(100)> +0.7(100) +37.8 > 446 (52,00) belongs to the
1482.8 > 446, True | solution set.

On wet pavement, stopping distances will exceed 446 feet for speeds exceeding 52 miles per hour.
makes sense
does not make sense; Explanations will vary. Sample explanation: Polynomials are defined for all values.
makes sense

does not make sense; Explanations will vary. Sample explanation: To solve this inequality you must first subtract 2 from
both sides.

false; Changes to make the statement true will vary. A sample change is: The solution set is {x|x <-5o0rx> 5} or

(=00, =5)U(5,2°).
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99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

false; Changes to make the statement true will vary. A
sample change is: The inequality cannot be solved by
multiplying both sides by x + 3. We do not know if

x + 3 is positive or negative. Thus, we would not know
whether or not to reverse the order of the inequality.

false; Changes to make the statement true will vary.
A sample change is: The inequalities have different
solution sets. The value, 1, is included in the domain
of the first inequality, but not included in the domain
of the second inequality.

true

One possible solution: x?—2x-15<0

One possible solution: X3 >0
x+4

Because any non-zero number squared is positive, the
solution is all real numbers except 2.

Because any number squared other than zero is
positive, the solution includes only 2.

Because any number squared is positive, the solution
is the empty set, &.

Because any number squared other than zero is
positive, and the reciprocal of zero is undefined, the
solution is all real numbers except 2.

a. The solution set is all real numbers.

b.  The solution set is the empty set, &.

c. 4x?-8x+7>0

L 8E(8) —4)(T)
2(4)

o= 8+64-112

XZSi\/fZE

8
no critical values
Test 0: 4(0)> —8(0)+7 >0
7> 0 True
The inequality is true for all numbers.

= imaginary

4x? —8x+7<0
no critical values

Test 0: 4(0)> —8(0)+7=7<0 False
The solution set is the empty set.

109.

110.

111.

112.

Section 2.7 Polynomial and Radical Inequalities

V27-3x% >0
27-3x*>0
9-x2>0
B-x)3+x)20
3—x=0 3+x=0
x=3or x=-3
o
3 3
Test —4: 4/27-3(—4)> 20
J27-48>0
J=2120

no graph- imaginary

Test 0: 4/27-3(0)> >0

\/ﬁ >0 True
Test 4: \27-3(4)> 20

V27-4820
J=2120

no graph -imaginary

The solution set is [-3, 3].

The slope of the line y = —%x +% is —%. Thus the

slope of the line perpendicular to this line is 4.
Y=y =m(x—x)
y-5=4(x-(-2))
y—5=4(x+2) point-slope
y—=5=4x+8
y=4x+13 slope-intercept
4x—y+13=0 general

Since h(x) =+/36—2x contains an even root; the

quantity under the radical must be greater than or equal
to 0.
36-2x2=0
—2x2=-36
x<18

Thus, the domain of % is {x| x <18}, or the interval
(=oo,18].

The graph of y = f(x) is reflected about the y-axis,
then shifted up 3 units.
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113. a.  y=k?
64=k-2°
64 =4k
6=k
b y=lcx2
y=16)c2
c yzloc2
y=l6x2
y=16-5
y =400
14, a. y=%
k
12==
8
9=k
b yzﬁ
X
96
y=—
X
96
c. y=—
X
_%
Y73
y=32
115. S=ﬁ
P
12.000 = k60,000
U 40
12,000'40_k
60,000
8=k
Section 2.8

Check Point Exercises

1.

380

y varies directly as x is expressed as y = kx.

The volume of water, W , varies directly as the time,
t can be expressed as W =kt .
Use the given values to find % .
W =kt
30=k(5)
6=k
Substitute the value of k£ into the equation.
W =kt
W =6t

Use the equation to find W when ¢ =11.
W =6t
=6(11)
=66
A shower lasting 11 minutes will use 66 gallons of
water.

y varies directly as the cube of x is expressed as
y= o
The weight, w, varies directly as the cube of the
length, / can be expressed as w =kl Z
Use the given values to find % .

w= ki

2025 = k(15)°
0.6=k

Substitute the value of % into the equation.
w= ki

w=0.61°

Use the equation to find w when / = 25.
w=0.6/°

=0.6(25)°
=9375
The 25-foot long shark was 9375 pounds.

y varies inversely as x is expressed as y =—.
X
The length, L, varies inversely as the frequency, f
k
can be expressed as L = —.

Use the given values to find & .

L=%
g= K
640

5120 =k

Substitute the value of k£ into the equation.
k

L=—
{120
L="—"~—
A
Use the equation to find f when L =10.
I 5120
51f20
10=——
A
10/ =5120
f=512

A 10 inch violin string will have a frequency of 512
cycles per second.
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4. let M represent the number of minutes kx
let O represent the number of problems 4. y= o
let P represent the number of people
M var1eskd1rectly as Q and inversely as P is expressed 5. y=h
as M = —Q . .
P 6. directly; inversely

Use the given values to find % .

kO 7. jointly; inversely
TP
1= k(16)
8=k 4 Exercise Set 2.8

Substitute the value of k£ into the equation. 1. Use the given values to find £.

M= % y=hx
8P 65=k-5
=3 65 _k-5
P 5 5
13=k
Use the equation to find M when P =8 and The equation becomes y =13x.
0=24. Whenx =12, y=13x=13-12=156.
280
P 2. y=kx
.05 45=k-5
8 9=k
M =24
It will take 24 minutes for 8 people to solve 24 y=9x=9-13=117
problems.
L . 2 R o . k
5. Vvaries jointly with # and »~ and can be modeled as Since y varies inversely with x, we have y =—.
x
V = khr?. Use the given values to find £.
Use the given values to find 4. y= k
V = khr? A
1207 = k(10)(6)2 2=
V4
3 =k 5-12=5 K
60=Fk

Therefore, the volume equation is V' = %hr2 .

. 60
The equation becomes y =—.
X

v =Z(2)(12)? =967 cubic feet "
3 Whenx=2,y=7=3o_

4. k
Concept and Vocabulary Check 2.8 y= <
k
1. y—kx; constant of variation 6= 3
18=k
2. =kx"
y s

)

3 y=—

x
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382

Since y varies inversely as x and inversely as the

kx
square of z, we have y = -
z

Use the given values to find £.

Whenx=3 and z =6,
y_lo_x_lo(3) 10(3) 30 5

22 62 36 36 6

Since y varies jointly as x and z, we have
v =hkxz.

Use the given values to find £.

y=kxz

25=k(2)(5)

25=k(10)

25 k(10)

10 10

2ok

2

The equation becomes y = %xz.

Whenx=8andz=12, y 22(8)(12) =240.

10.

C=kAT
175 = k(2100)(4)
175 = k (8400)
LI

48

1 _ 14400

C=(2400)(6) =300

Since y varies jointly as a and b and inversely as

the square root of ¢, we have y = @.

N

Use the given values to find £.
_ kab

Je
1 _kB)X2)
V25

u@=%?@
60 =6k
60_ok

6 6
10=%

10ab

I
Whena=5,b=3,c=9,
y_lOab_lO(S)(3) _150 _

Je o o3

The equation becomes y =

50.

_ kmn®

p
_ k@)’

6
2%

62k
15(6)="(6)

90 =2k
k=45

15

15

216

_45mn® 45(3)(4)% 2160
YT, 10 10
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11. x=kz;
Solving for y:
x=kyz
x bz
kz  yz

=X
7 kz
2. g2
Solving for y :
xX= ky22
& _hk
kz* k2?
o
kz?

13. i

xX=—-";
y
Solving for y
k2
x=—"
Y
k2
Xy=y-—
xy = k2’
w_k
X X
e
X
14. K3z
x —
y
Kz
=y
y
VX = K3z
o Kz
X X
iz
y =
X

15.

16.

17.

18.

Section 2.8 Modeling Using Variation

kyz
X Nk
Solving for y:
x=Z
W ky:
()= ()2
xw = kyz

xw _kyz

kz kz
_xw

x=kz(y+w);
Solving for y:
x=kz(y+w)
X =kzy + kzw
x—kzw = kzy
x—kzw _ kzy
kz kz
_ x—kzw

kz

x=hkz(y—w)

X =kzy —kzw
x+kzw = kzy
x+kzw _ kzy

kz kz
x+kzw
y =

kz
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19.

20.

21.

22,

384

kz
x=
y—w
Solving for y:
kz
y—w
kz
y-wx=(Qy-w)——
y—w

Xy —wx =kz
xy =kz+wx
xy _kz+wx

>

X =

X X
_xw+kz

X

kz
y+w
(y+w)x=(y+w)

y+xw=kz
yx =kz—xw
o kz —xw

X =

kz
y+w

x x
kz —xw

X

23.

24.

Since T varies directly as B, we have T =kB .

Use the given values to find £.
T =kB

3.6=k(4)

36 _ k)

4 4
09=k
The equation becomes 7 =0.9B .
When B=6, T=09(6)=54.
The tail length is 5.4 feet.

M =kE
60 =k (360)
60 _ k(360)

360 360

M:é(186)=31

25.

A person who weighs 186 pounds on Earth will

weigh 31 pounds on the moon.

Since B varies directly as D, we have B =kD.
Use the given values to find £.
B=kD
8.4=k(12)
84 k(12)

12 12
8.4

k=—=0.7
12
The equation becomes B =0.7D.
When B =56,
56=0.7D
56 0.7D

0.7 5%7
D=-""=80
0.7

It was dropped from 80 inches.

A force of 20 pounds is needed.

Since a man’s weight varies directly as the

cube of his height, we have w = .
Use the given values to find £.
w=kh®
170 = k(70)°
170 = k(343,000)
170 k(343,000)

343,000 343,000
0.000496 = k

The equation becomes w = 0.000496/>.
When 4 =107,

w=0.000496(107)*
= 0.000496(1,225,043) = 607.

Robert Wadlow’s weight was approximately
607 pounds.
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26.

h=kd?
50=k-10%
0.5=k

h=0.5d°

a. h=0.5d"
h=0.5(30)°
h =450
A water pipe with a 30 centimeter diameter can
serve 450 houses.

b. h=0.5d*
1250 = 0.5d*
d* =625
d =625
d=25
A water pipe with a 25 centimeter diameter can
serve 1250 houses.

27. Since the banking angle varies inversely as

. . k
the turning radius, we have B =—.
r

Use the given values to find £.

B=%
k
28=—
! k
28(4):28(2)
112=%
. 112
The equation becomes B =—.
r
When »=3.5, B=£:£:32.
r 35

The banking angle is 32° when the turning
radius is 3.5 feet.

28.

29.

30.

Section 2.8 Modeling Using Variation

k
t=—
"
44=—"_
1000
1000)4.4 = (1000) ——
(1000) ( )1000
4400 = k
_ 3400 _ 4400 _ . oq
d 5000

The water temperature is 0.88° Celsius at a
depth of 5000 meters.

Since intensity varies inversely as the square
of the distance, we have pressure, we have
k
I=—.
d
Use the given values to find £.

1=~
d2
k

625=—
32
k

62.5=

9(62.5)=9 g
562.5=k
562.5
d*
When d =2.5, I:ﬂzﬂzgo
252 625
The intensity is 90 milliroentgens per hour.

The equation becomes [ =

k

1600)3.75 = (1600)——

(1600) (1600)-—=5
6000 = k

. 6000 6000 6000

42 502 2500
The illumination is 2.4 foot-candles at a
distance of 50 feet.

24
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31. Since index varies directly as weight and
inversely as the square of one’s height, we

have [ = M
h2
Use the given values to find £.
1=k
h2
k(180)
60>

35.15 = KU80)
3600

k(180)

35.15=

(3600)35.15 =

126540 = k(180)
;126540

180

=703

703w

The equation becomes 7 =

When w= 170 and /& = 70,
7= 703(170)

o 24.4.

This person has a BMI of 24.4 and is not

overweight.

32. . km

1=—

k25
1252 K25

k(25)

200125) = 20— =
2500 = 25k

2500 25k

25 25
100 = &

. 100m
1=

C
20  100(40)

4000
g0 = 2000

c
80c = ¢ 2000
80c = 4000
80c _ 4000

80 80
c=50
The chronological age is 50.

386

33.

34.

35.

36.

Since heat loss varies jointly as the area and
temperature difference, we have L =kAD .
Use the given values to find £.
L=kAD
1200 = £(3-6)(20)
1200 =360k
1200 360k
360 13060
k=<5
3
The equation becomes L = %AD
When 4=6-9=54, D=10,
L :%(9-6)(10) =1800.
The heat loss is 1800 Btu .

e = kmv?
36 = k(8)(3)°
36 = k(8)(9)
36 =72k
36 _T72k
2 72

k=05

e=0.5mv> =0.5(4)(6)> = 0.5(4)(36) =72
A mass of 4 grams and velocity of 6
centimeters per second has a kinetic energy
of 72 ergs.

Since intensity varies inversely as the square
of the distance from the sound source, we

k .
have I =—-. If you move to a seat twice as

d2
far, then d =2d . So we have
= k 3 =L2:l-iz. The intensity
d) 4d* 4 d

will be multiplied by a factor of % So the

. | .
sound intensity is 7 of what it was

originally.

N3
a

. 1
A year will seem to be 3 of a year.
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37.

38.

a. Since the average number of phone calls varies
jointly as the product of the populations and
inversely as the square of the distance, we have

it
d*
b. Use the given values to find k.
o kRP
d2
k(777,000)(3,695,000)
326,000 = 5
(420)
k(2.87x10'2)
326,000 =———
176,400
326,000 =16269841.27k
0.02=k
.02PP:
The equation becomes C = OO%
d
0.02(650,000)(490,000)
c. C= >
(400)
=~ 39,813
There are approximately 39,813 daily phone
calls.
f= kas?

150 = k(4-5)(30)°
150 = £(20)(900)
150 = 18000k

150 18000k

180(%0 150

—
120
f= L g2 = L(s - 4)(60)?
1%0 120
=—(12)(3600
120( )(3600)
=360
Yes, the wind will exert a force of 360 pounds on the
window.

0.5,12)

—
S
__—e
-
tn
=
-

g L6
p 25,24 (32)
7
4,15
; S ///( )
3 Gi12)

123456 x
I (amperes)

b.  Current varies inversely as resistance.
Answers will vary.

40. —
49.

50.

51.
52.
53.

54.

5S.

Section 2.8 Modeling Using Variation

¢.  Since the current varies inversely as

. k .
resistance we have R = 7 Using one of

the given ordered pairs to find % .

2=k
05
12(0.5) = ——(0.5
(0.5) QS( )
k=6

The equation becomes R = ?

48. Answers will vary.

does not make sense; Explanations will vary.
Sample explanation: For an inverse variation, the
independent variable can not be zero.

does not make sense; Explanations will vary.
Sample explanation: A direct variation with a
positive constant of variation will have both
variables increase simultaneously.

makes sense
makes sense

Pressure, P, varies directly as the square of wind
velocity, v, can be modeled as P = 2.

If v=x then P=k(x)> = kx’

If v=2x then P =k(2x)? = 4kx?

If the wind speed doubles the pressure is 4 times

more destructive.

[llumination, /, varies inversely as the square of the

distance, d, can be modeled as [ = i .

d2
If d =15 then 7= = %
15 225
If d=30 then /=% = %
302 900

Note that E = l
900 4

If the distance doubles the illumination will be % as

intense.

The Heat, H, varies directly as the square of the
voltage, v, and inversely as the resistance, .
2
ot
r
If the voltage remains constant, to triple the heat the
resistant must be reduced by a multiple of 3.

Copyright © 2018 Pearson Education, Inc. 387



Chapter 2 Polynomial and Rational Functions

56. Illumination, /, varies inversely as the square of the 61. fx) = 2%
distance, d, can be modeled as [ = iz . y
d 1) e 3.8
k k _2, Z | !\ L~
If 7 =x then x=—2:>d=\/:. —1,%' 2.9
d ! (_ . 1) )
7=ty then Lyek ogo /ﬂ@\/E BN 01
50 50 d? X x 5y
Since /50 =7 , the Hubble telescope is able to see 62 ~
about 7 times farther than a ground-based telescope. ) g =fl-x)=27%
. y
57. Answers will vary.
ry (-3,8) 10 (2, l)
58. Let x = the amount invested at 7%. SRR
Let 20,000 — x = the amount invested at 9%. (2,4 L1\ (1, %):
0.07x+0.09(20,000 — x) =1550 (=1,2) \\ A (3, l)
0.07x+1800—-0.09x =1550 (0,1) - ~\"8
—0.02x+1800=1550 ’ 1 x
—0.02x =-250
=12
20,000—x = 7500 o h@) =y +1=2+1
$12,500 was invested at 7% and $7500 was invested Y
at 9%. ’ ( 2, %) +H&p\ 13,9
—1. 301
59. x+7-1=x 1’\2 ASSENCA)
Vx+7 =x+1 —3,2) ——(1,3)
2 8 ) == 2
x+7=x"+2x+1 = (0,2)
X 4+x-6=0 5y
(x=2)(x+3)=0
x=2=0 x+3=0
x=2 x=_3 Chapter 2 Review Exercises
The check indicates that 2 is a solution. 1. 8-3)-(17-7i) =8-3i—17+7i
The solution set is {2}. =-9+4i
60. f(x)=x>+2 2. 4iGi-2)= (4i)2(3i) +(4i)(-2)
. =12i" -8i
Replace f(x) withy: —_12_8
s 3. (1-2+3)
. . T-0)(2+3i
Intercilange x and y: =724 7(3i) + (=)(2) + (=)(3i)
x=y>+2 =14+21i-2i+3
Solve for y: =17+15i
_ .3
Pmr2 4. (3—4i)? =32 +2.3(—4i) + (—4i)?
3x—2=y =9-24i-16
Jx=2=y =-7-24i
Replace y with f -1 (x): s
» 3 5. (7+8i)(7-8i))=7"+8 =49+64=113
ST (x)=x-2
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3+4i 3+4i 442

4-2i 4-2i 4+2i
12460 +16i +8i

_12+§8i_—4§2

8. J-32--18=i32-i18
—i16-2-ix9-2
=4ix2 -3i2
= (4i—3iW2
=i\2

9. (=2++/-100)% = (-2 +i/100)?
= (-2+10i)
4-40i +(10i)?
4-40i—100
—96—40i

10. 4+;/§ _ 4+;/§ _ 4+221\E 23

1. x2—2x+4=0

D2 - 4)
2(1)
_ 2+4/4-16

X

L2
2

x_ziziﬁ

2
x=1%i3
The solution set is {l—i\/g, 1+i\/§}.

12.

13.

Chapter 2 Review Exercises

2x2—6x+5=0

_Z0E\(6)” ~4)(5)

2(2)

L 6+/36-40

The solution set is E—li, 3+li .
2 2 2 2

f(x)=—(x+1)* +4
vertex: (—1, 4)
x-intercepts:
0=—(x+ 1)2 +4

(x+1)° =4
x+1=%2
x=-1%2
x=-3or x=1
y-intercept:

F(0)==(0+1) +4=3
The axis of symmetry is x =—1.
Y

(=14)
(=300 /N

et e I —
- 3

—

@ =-x+1)?+4

domain: (—eo,0) range: (—co,4]
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14.

15.

16.

390

f@)=(x+4)? -2
vertex: (—4, —2)
x-intercepts:
0=(x+4)% -2
(x+4)% =2
x+4=+2
x=—4%2
y-intercept:
F(0)=(0+4)%-2=14 =1
Y|

1 ri
i A

)
7

(_4 = Vay 42 0)
ik ii)x

(_9 )

@ =@x+42-2

The axis of symmetry is x = —4.
domain: (—eo,c0) range: [—2,c0)

f(x)z—x2+2x+3
=—(x? = 2x+1)+3+1

F(x)==(x=1)" +4

y
| 1.4
~ e
0,3
ES PLDIANEAVRIN))

i
I
|

——
L

o) =—-x2+2¢+3

domain: (—oo,e0) range: (—eo,4]

f(x)=2x2—4x—6
f(x)=2(x* ~2x+1)-6-2

2(x—1)* -8

y

1

\ /

\ |/ ’)
=N/ T3 x
ALARIEA AT NCS )

f)y=2r—4x -6

axis of symmetry: x =1

domain: (—ee,0) range: [—8,c0)

17.

18.

19.

f(x)=-x +14x-106

a.

b.

Since a <0 the parabola opens down with the
maximum value occurring at
b 14
== _ﬂ =
The maximum value is /(7).

F(T)=—=(7)% +14(7)-106 = —57

domain: (—ee,0) range: (—oo,—57]

F(x)=2x% +12x+703

a.

b.

a.

b.

C.

Since a > 0 the parabola opens up with the
minimum value occurring at
b 12

27 20)
The minimum value is f(-3).

£(=3) =2(=3)> +12(=3) + 703 = 685

domain: (—eo,0) range: [685,c0)

The maximum height will occur at the vertex.
F(x)=—=0.025x> +x+6
b 1

= =20
20 2(-0.025)

£(20) =—0.025(20)> +(20)+6 =16
The maximum height of 16 feet occurs when
the ball is 20 yards downfield.

F(x)=-0.025x> +x+6
f0)= —0.025(0)2 +(0)+6=06
The ball was tossed at a height of 6 feet.

The ball is at a height of 0 when it hits the
ground.

F(x)=—-0.025x> +x+6
0=-0.025x>+x+6

= —b++b* —4ac

2a
e k= \/(1)2 —4(-0.025)(6)

2(-0.025)
x =453, —5.3(reject)

The ball will hit the ground 45.3 yards
downfield.
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20.

21.

d. The football’s path:

YA fir)= 00252+ x + 6
£ 20 L]
Q
8 (20, 16)
MRS anN
= / \
3 12
£ 8
E L,lo6

} 1 { \l(45.3,0)

0 10 20 30 40 50 *

Ball's Horizontal Distance
(yards)

Maximize the area using A4 = Iw.
A(x)=x(1000-2x)

A(x)=-2x +1000x

Since a =-2 is negative, we know the function

opens downward and has a maximum at

__b _ 1000 _ 1000 _,.,
2a 2(-2) —4
The maximum area is achieved when the width
is 250 yards. The maximum area is
A(250) =250(1000-2(250))
=250(1000-500)
=250(500) =125,000.

The area is maximized at 125,000 square yards
when the width is 250 yards and the length is
1000—-2-250 =500 yards.

Let x = one of the numbers
Let 14 + x = the other number

We need to minimize the function
P(x)=x(14+x)

=14x +x7

=% +14x.
The minimum is at
b 14 14
2¢ 2(1) 2

The other number is 14+x =14+(-7)=7.

The numbers which minimize the product are 7
and —7. The minimum product is —7-7 =—49.

22.

23.

24,

25.

26.

27.

28.

Chapter 2 Review Exercises

3x + 4y =1000
4y =1000 — 3x
~1000-3x
4
A=x[1000_3xj
4
=32 42500
4
ng—bz _25;) =125
a Hf_3
4
1000-3(125
=#=1662
4 3
125 feet by 166% feet will maximize the area.
y=(35+x)(150 — 4x)

3 =5250+10x — 4x>

_—b=_—10=§=1.25 or 1 tree

2a 2(-4) 4

The maximum number of trees should be 35+ 1 =36
trees.

¥ =36(150 —4x) =36(150 — 4-1) = 5256

The maximum yield will be 5256 pounds.

f(x)= —+12x% —x
The graph rises to the left and falls to the right and

goes through the origin, so graph (c) is the best
match.

g(x) =x%—6x* +9x°
The graph rises to the left and rises to the right, so
graph (b) is the best match.

h(x)= X0 —5x° +4x
The graph falls to the left and rises to the right and

crosses the y-axis at zero, so graph (a) is the best
match.

f(x)= —x*+1
fx) falls to the left and to the right so graph (d) is the
best match.

a. Sincenisoddand a, >0, the graph rises to the
right.

b. No, the model will not be useful. The model
indicates increasing deforestation despite a
declining rate in which the forest is being cut
down.
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29.

30.

31.

32.

33.

392

c.  The graph of function g falls to the right.

d. No, the model will not be useful. The model
indicates the amount of forest cleared, in square
kilometers, will eventually be negative, which
is not possible.

In the polynomial, f(x)= —x* +21x% +100, the

leading coefficient is —1 and the degree is 4.
Applying the Leading Coefficient Test, we know that
even-degree polynomials with negative leading
coefficient will fall to the left and to the right. Since
the graph falls to the right, we know that the elk
population will die out over time.

f(x)==2(x=1)(x+2)*(x+5)°

x =1, multiplicity 1, the graph crosses the x-axis
x =-2, multiplicity 2, the graph touches the
x-axis

x =-5, multiplicity 5, the graph crosses the
x-axis

f(x)= x> —5x% —25x+125

=x?(x—5)-25(x—5)

= (x> =25)(x—5)

= (x+5)(x—5)*
x =-5, multiplicity 1, the graph crosses the x-axis
x =5, multiplicity 2, the graph touches the x-axis

f(x)=x-2x-1

f)=@1-2()-1=-2
f2) =2y -2(2)-1=3

The sign change shows there is a zero between the
given values.

f(x) =x x> —9x+9

a. Sincenisoddand a, >0, the graph falls to the
left and rises to the right.

b.  f(=x)=(-x)’ = (=x)*> =9(-x)+9
= —x? +9x+9
S(=x)# f(x), f(=x) = —f(x)

no symmetry

34.

3s.

c. f()=x-3)(x+3)(x-1)

zeros: 3, -3, 1

-1,16) yy @9

]
(-2,15 R
3,07 13,0
5 x
I ™~ _
e ® Y

f(x)=x3—x2—9x+9
f()c)=4x—)c3

a. Sincenisoddand a, <0, the graph rises to the
left and falls to the right.

b. f(—x)=—-4x+ X
S(=x)==f(x)

origin symmetry

F(x)=x(x? —4) = x(x=2)(x +2)
zeros: x=0,2, -2

i

y
S
L0
(-2, \)l’ 5 x
LY R0
f(x) =4x — x3

F(x)=2x> +3x> —8x—12

a. Since his odd and a, >0, the graph falls to the
left and rises to the right.

(—x)=—2x> +3x +8x—12
S(Ex)# f(x), f(=x)=—f(x)

no symmetry

&

i

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

3
zeros: x=2,-2,——
y (715 _3)
B) YAV
|
H
(_ 90) 7/ (2,0)
TN
R

f) =23 +3x2-8x - 12
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36. g(x) =—x* +25x?

a.

b.

The graph falls to the left and to the right.
S =~(0)" +25(-0)
=—x+25x% = f ()
y-axis symmetry
—x*+25x2 =0
-~ (x2 —25) =0
—x? (x=5)(x+5)=0

zeros: x=-5,0,5

yp 0,0

TTT11
(3, 144)

(=3, -144) N+
(-5, —0) H-\J/-L- (5, 0)
10 x

fx) = —x4 + 25x2

37. f(x)= —x* +6x° —9x2

a.

b.

The graph falls to the left and to the right.

S0 =~ +6(=x) =9(~x)
=—x* —6x* —9x% f(=x) # f(x)
S0 #=(x)

no symmetry
=—x? (x2 —6x+9) =0

—x? (x=3)(x=3)=0

zeros: x =0, 3

©,0) T2 {376y

fA—A $x
=2, —4)
(15 _4)
tH
f(x) = —x* + 6x3 — 9x2

38.  f(x)=3x"-154°

a.

b.

The graph rises to the left and to the right.

F(=x) =3(=x)* =15(=x)? =3x* +15x°
SEx)# f(x), f(=x)#=f(x)

no symmetry

39.

40.

Chapter 2 Review Exercises

¢ 3158 =0

33 (x=5)=0
zeros: x=0, 5
| LA Iy
(-2, 168) 4]
5,0)
,0)7 1!9 x
[ L
2, =72) \LE(d, —192)
L 1

flx) = 3x4 — 1523

fx) =252 (x-1)* (x+2)
Since a, >0 and n is even, f{x) rises to the left and
the right.

x=0,x=1,x=-2

The zeros at 1 and —2 have odd multiplicity so f{(x)
crosses the x-axis at those points. The root at 0 has
even multiplicity so f{x) touches the axis at (0, 0)

£(0)=2(0)> (0-1)’ (0+2)=0
The y-intercept is 0.

y
5 2,32)
(=2,0)
REER 71 NEaScAEs
(-1, 16TV, 0
HH (0, 0)H

f)=2x2(x—-1)1>(x+2)

f(x)= _— (x+ 4)2 (x-1)

Since a, <0 and n is even, f{x) falls to the left and
the right.

x=0,x=-4,x=1

The roots at 0 and 1 have odd multiplicity so f{x)
crosses the x-axis at those points. The root at —4 has
even multiplicity so f{x) touches the axis at (-4, 0)

£ =) (0+4)* (0-1)=0
The y-intercept is 0.
¥4 0,0)
OB

5 x

\
\

'y
——
~

(-2, —96)

f@==-x3(x+42x-1
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41 4x> —Tx+5 46. f(x)=2x"-7x>+9x-3
x+1>4x3—3x2—2x+1
433 4 422 -13 2 -7 9 -3
—7x% —2x 26 429 5694
2
—Ix"=x 2 -33 438 -5697
Sx+1
5x+5 Quotient: f(—13) =-5697
—4
3,2
Quotient: 4x2—7x+5——41 47. f()=2x"+x"—13x+6
X+
2 12 1 13 6
42.
2x2 —4x+1 4 10 -6
5x—3>10x3—26x2+17x—13 2 5 3 0
3 2
10 + 67 F(x) = (x=2)(2x2 +5x3)
—-20x" +17x =(x-2)2x-1)(x+3)
—20x% +12x |
5x—13 Zeros: x=2,5,—3
5x— 3
~10 5
10 48. x" —-17x+4=0
. 2
uotient: 2x° —4x+1—
Q 5x-3 4 |1 0 17 4
5 4 16 -4
2x° +3x-1
43. 2x2+l>4x4+6x3+3x—1 b4 10
4x2+2x§ ) (x—4)(x2+4x—1)=0
6x° —2x° +3x
6x2 +3x x:—4i\/16+4:—412\/§:_2i\/§
| 2 2
—2x% -1 The solution set is {4,—2 +\/§, -2 —\/g}
0
49. f(x)=x*-6x> +14x* —14x+5
pitl £5
44, (x* +116° =20x° +7x+35)+ (x +5) q:%1
P4y 45
q

=5 3 11 20 7 35

-15 20 0 35 50.  f(x)=3x" —2x" —15x° +10x% +12x -8

3 4 0o 7 0 pirl,£2,+4 +8
) 3 ) q:+1,£3
Quotient: 3x” —4x~ +7 E:il,i2,i4,i8,i§,ii,i%,il
q 37737373
45. (3x*—2x% —10x)+(x—-2)
51 f(x)=3x"—2x" —8x+5
A 3 0 =2 -0 0 S(x) has 2 sign variations, so f{x) = 0 has 2 or 0
6 12 20 20 positive solutions.
3 6 10 10 20 f(—x)=3x4+2x3+x+5
0 f(—x) has no sign variations, so f{x) = 0 has no

Quotient: 3x° +6x> +10x+10+ 2
o

negative solutions.
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52.

53.

54.

5S.

F(x)=2x" —3x° —5x* +3x -1
f(x) has 3 sign variations, so f{x) =0 has 3 or 1
positive real roots.

f(=x)= 2% +3x —=5x% —3x-1

f(—x) has 2 sign variations, so
f(x) =0 has 2 or 0 negative solutions.

f(x)=f(-x)= 2x* +6x% +8
No sign variations exist for either f{x) or
f(=x), so no real roots exist.

f(x)=x3+3x2—4

H 4

L,+2,£4
1

1,

H+

2,

H+

4

DT gy
+

b. 1 sign variation = 1 positive real zero
f(—=x)= —x> +3x% -4
2 sign variations = 2 or no negative real zeros

1 is a zero.
1, -2 are rational zeros.

d.  (x-D(x>+4x+4)=0

(x=1)(x+2)* =0
x=lorx=-2
The solution set is{1, —2}.

f(x)=6x3+x2—4x+1

a. p: =+l
q:+1,+2,4£3,+6
AR S S
q 2 3 6

b. f(x)=6x3+x2—4x+l
2 sign variations; 2 or 0 positive real zeros.
f(=x)==6x" + x> +4x+1

1 sign variation; 1 negative real zero.

Copyright © 2018 Pearson Education, Inc.
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¢« 16 1 4
5

-1 is a zero.

11 .
—1, —, — are rational zeros.
3°2

d. 6x> +x% —4x+1=0

(x+1)(6x% —5x+1)=0
(x+D)Bx-1)(2x-1)=0

1 1
x=-lorx==or x=—
3

2
. . 11
The solution set is {—1, -, —}.
372
56. f(x)=8x"—36x% +46x—15
a. p:+l,£3,£5 £15
q.+1,+2,+4, £8
Pyt 43,45 41544 +L 41
q 27478
ig,ii,ié,ii,ié,
2774787274
L3 415 415,15
87274778

b, f(x)=8x—36x%+46x-15
3 sign variations; 3 or 1 positive real solutions.
f(=x)=-8x> =36x* —46x-15

0 sign variations; no negative real solutions.

c. % 8§ 36 46 -15

4 -16 15
8§ 32 30 0

is a zero.

|~ N =

35 .
, —, — are rational zeros.
22
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57.

396

8x> —36x% +46x—15=0
[x—%j(8x2—32x+30)=0

2(x%](4xl6x+15)=0

2[x—%j(2x—5)(2x—3) =0

1 5 3
X=—O0rx=— 0orx=—
2 2

The solution set is l, E, S .
222

2x3 +9x2 = Tx+1=0

a. p:+l
q:+1,+2
Pyl

q 2

b. f(x)=2x3+9x2—7x+1
2 sign variations; 2 or 0 positive real zeros.

f(=x)= 2x3 +9x% +7x+1

1 sign variation; 1 negative real zero.

N | —

1. .
E is a rational zero.

d. 2% +9x% = Tx+1=0
(x—%j(2x2+10x—2)=0
2(x—%j(x2+5x—l)=0

Solving X2 +5x-1=0 using the quadratic

i —5+429
formula gives x = =
The solution set is { %) ) +2\/5 , -5 _2@

58.

59.

o =7 4 x46=0
a. p=L.+1,+2,+3 +6
q
b. f(x)=x4—x3—7x2+x+6
2 sign variations; 2 or 0 positive real zeros.
f(—x)=x4+x3—7x2—x+6

2 sign variations; 2 or 0 negative real zeros.

c.gl—l—7l6

1 -1 -6 0
—2,-1,1,3 are rational zeros.

d. x4—x3—7x2+x+6=0
(x=Dx+D)x*> —x+6)=0
(x—D(x+D)(x-3)(x+2)=0

The solution set is { —2,-1, 1, 3}.

4x*+7x% -2=0

a. p:£l,+2
q:£1,+2,+4

Pyttt 4

q

[\e]
ENg e

b. f(x)=4x4+7x2—2
1 sign variation; 1 positive real zero.
f(=x)= 4x* +7x2 -2
1 sign variation; 1 negative real zero.

c. 1 4 0 7 0 -2
2

11 .
——, — are rational zeros.
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Chapter 2 Review Exercises

d. 4x*+7x%-2=0 61.  f(x)=a,(x—2)(x—2+3i)(x—2-3i)
(x—%}(x+%j(4x2+8):0 S0 =a, (x=2)(x* ~4x+13)
Ny S =a,(1-2)[1? =4(1)+13]
4x—5 x+5 (x*+2)=0 ~10=-10a
n
5 a, =1
Solving x“ +2 =0 using the quadratic formula )
gives x = +2i f(x)—l(x—2)(x —4x+13)
f(x)—x —4x? +13x—2x% +8x—26
Thesolutionsetis{—%, %,21’,—21}. f(x) x* —6x% +21x-26
62. f(x)=a,(x—i)(x+i x+3)?
60. f(x)=2x"+x" —9x* —4x+4 fExLaZEx +)1()(x LHQ)

a.  prEl,£2,+4 f(-1)= an|:( 1)%1}[(—) +6(—1)+9}

q- £l £2 16 =84

n
£:il,i2,i4,i% a, =2
1 x) 2(x2+l)(x2+6x+9)

b f(x)=2x"+x" —9x* —4x+4 f(x)= Z(x +6x° +9x% +x +6x+9)
2 sign variations; 2 or 0 positive real zeros. f(x)=2x £120° +20x2 +12x 418
f(—x)=2x4—x3—9x2+4x+4 ‘

2 sign variations; 2 or 0 negative real zeros. 63. f(x)=2x4+3x3 +3x—2

c. 2 02 1 9 4 4 Pfilaﬁ

q:+1,+2
4 10 2 4

Poyya04l
2 5 1 =2 0 q 2

-1 2 5 1 -2

2 433 +3x-2=0

3 2
-2,-1, l, 2 are rational zeros. (x+ 2)2(2x —x"+2x-1)=0
2 (x+2)[x"Q2x-1)+(2x-1)]=0
d. 232 +3x-2=0 (x+2)2x-1)(x>+1)=0

2x-D(x+2)=0 1 .
X=-2, Xx=— orx==i
x=-2 or x= 2

N | —

} The zeros are -2, %, +i.

1
The solution set is { —2,~1,—,2¢.
e solution se 15{ > Sx)=(x=i)(x+i)(x+2)(2x-1)

Copyright © 2018 Pearson Education, Inc. 397



Chapter 2 Polynomial and Rational Functions

64. g(x)=x"—6x>+x>+24x+16
p: 1, £2, +4, +£8, +16

q: £1

P.y1,42, 44,48 +16

q

11 =6 1 24

1 -7 8 16

xt =63 +x7 +24x+16=0
(x+1)(x> —7x2 +8x+16)=0

ﬂl 7 8 16

-1 8 -16

1 8 16 0
(x+1D)* (x> —8x+16)=0
(x+D)*(x—4)% =0
x=-lorx=4
g(x¥) = (x+1)*(x—4)*

65. 4 real zeros, one with multiplicity two

66. 3 real zeros; 2 nonreal complex zeros

67. 2 real zeros, one with multiplicity two; 2 nonreal

complex zeros

68. 1 real zero; 4 nonreal complex zeros

69. g(x)= 3
(x+2)
x= =24y
HSE T -1,0
(=3,0 it
[\
y:—l X
_3
*T g

398

70.
16
—-16
0
71.
72.

2x
x> -9

Symmetrys /() === =~/("

origin symmetry
x-intercept:
2x

0=
x* -9

2(0)
0% -9
Vertical asymptote:

x*-9=0

(x=3)(x+3)=0
x=3andx=-3
Horizontal asymptote:
n<m,soy=0

x=-3,y

y-intercept: y = =0

SO (i e

0,00 x=3

. x
fx) = s

—2x—-4
+3
g(=x) # g(x), g(—x) # —g(x)
No symmetry
x-intercept:
2x-4=0
x=2

Symmetry: g(—x)=

y-intercept: y =

Copyright © 2018 Pearson Education, Inc.



Vertical asymptote:
x+3=0
x=-3
Horizontal asymptote:

2
n=m,s0 y=—=2
x=-3

1
EEEY ]yg
(=5,74

=2 1 am
’ 14 0
H (

2_ f—
73, h(x)=3374

x> —x—6

x> +3x—4
XX 4+x-6

h(=x) # h(x), h(=x) # —h(x)

No symmetry

x-intercepts:

x2—3x-4=0

x=DHx+1)

x=4 x=-1

Symmetry: h(—x) =

, 0% -3(0)—4
y-intercept: y = — =
0°-0-6
Vertical asymptotes:
X —x=6=0
(r—3)(x+2)=0
x=3,-2

Horizontal asymptote:

1
n=m, so sz:I

X = =2,y

N~

2\ y
0.3
( 3 @, 0)

(-1,0) x=3
h(x) s ek

2-x-6

2
3

Chapter 2 Review Exercises

X2 +4x+3
r(x)=———>5—
(x+2)
2
Symmetry: r(—x) = L‘fx?
(=x+2)
r(=x) # r(x), r(=x) # —r(x)

No symmetry
x-intercepts:
X2 +4x+3=0
x+3)x+1)=0
x=-3,-1
0% +4(0)+3 3
(0+2) 4
Vertical asymptote:
x+2=0
x=-2

y-intercept: y =

Horizontal asymptote:

1
n=m,so y:I:l

Symmetry: f(—x)= —

S=x) # ), fix) # Ax)
No symmetry
x-intercept:
x* =0
x=0
2

intercept: —0——0
Y P Y=

Vertical asymptote:

x+1=0

x=-1

n > m, no horizontal asymptote.
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Chapter 2 Polynomial and Rational Functions

Slant asymptote:

Pann=d

76. y=

2 — —
Symmetry: f(-x)= x—2x33
—x—

S=x) # f(x), fix) # fx)
No symmetry
x-intercepts:

X2 4+2x-3=0
x+3)Hx-1)=0
x=-3,1

et 0% +2(0)-3 -3 |

-intercept: y=—————=—=
y pt: y 0-3 3
Vertical asymptote:
x—-3=0
x=3
Horizontal asymptote:
n > m, so no horizontal asymptote.

Slant asymptote: 78.

12
y=x+5+—
X—
y=x+5

=
1]
w

y y=x+5

[\S]
n

==(5, 16)

400

77.

_ —2x°

¥ +1

/(x)

Symmetry: f(-)=—"— =~/ ()

x“+1

Origin symmetry
x-intercept:

2x* =0

x=0

y-intercept: y = =

Vertical asymptote:

X +1=0

x?=-1

No vertical asymptote.

Horizontal asymptote:

n > m, so no horizontal asymptote.
Slant asymptote:

2x

X% +1

f(x)=-"2x+

y=-2x

A\ (1, -1

—2x3
¥+1

Jx) =

4x% ~16x+16

g(x)= 2x-3

4x% +16x+16
-2x-3

8(=x) # g(x), g(=x) # —g(x)

No symmetry

x-intercept:

4x* ~16x+16=0

4(x=2)" =0

x=2

y-intercept:

4(0)*-16(0)+16 _ 16
2(00-3 3

Vertical asymptote:

2x-3=0

3

2

Symmetry: g(—x) =

X =
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80.

Horizontal asymptote:
n > m, so no horizontal asymptote.
Slant asymptote:

g(x)=2x-5+

2x-3
y=2x-5

=
2
g
valens
=

a.  C(x)=50,000 + 25x

81.

82.

Chapter 2 Review Exercises

P(x)= 72;900
100x~ +729
n<msoy=0
As the number of years of education increases the
percentage rate of unemployment approaches zero.

a. Px)=Mx)+F(x)
=1.48x+115.1+1.44x+120.9

=2.92x+236
b R(y< MO _148x+115]
P(x)  2.92x+236
1.48
C. =——=0.51
Y

Over time, the percentage of men in the U.S.
population will approach 51%.

—  25x+50,000 83. T(x)=—+ 42
b. Cx)=—""— ) x+3 x
_ 84. 1000=/w
.  C(50)=2200+50,000 05 1000 _,
When 50 calculators are manufactured, it costs " 1000
$1025 to manufacture each. P=2x+2 Tj
E‘(IOO): 25(100)+50,000:525 P:2x+2000
100 X
When 100 calculators are manufactured, it costs
$525 to manufacture each. 85. 2x2+5r—-3<0
C(1000) = 25(1000) +50,000 _ 75 Solve the related quadratic equation.
1000 , 222 +5x-3=0
When 1,000 calculators are manufactured, it (2x-1)(x+3)=0
costs $75 to manufacture each. 1
— 25(100,000) + 50,000 The boundary points are —3 and —.
C(100,000) = : : =25.5Wh 2
100,000 1
en 100,000 calculators are manufactured, it Testing each interval gives a solution set of [—35)
costs $25.50 to manufacture each. P
B | T T 1 T T T T T |
s ~5-4-3-2-1 01 2 3 4 5
d. n=m,so y=—"=25 is the horizontal
. . 525 86. 212 +9x+4>0
asymptote. Minimum costs will approac : Solve the related quadratic equation.
2 —
F(x) = 120x+120 eFEEE8
0.05x+1

n=m, So y=%=3000

The number of fish available in the pond approaches
3000.

Copyright © 2018 Pearson Education, Inc.

The boundary points are —4 and —%.

Testing each interval gives a solution set of

401



Chapter 2 Polynomial and Rational Functions

87.

88.

89.

90.

402

x> +2x% > 3x
Solve the related equation.
x> +2x% =3x

X +2x2 -3x=0
x(x2 +2x—3) =0
x(x+3)(x-1)=0
The boundary points are -3, 0, and 1.
Testing each interval gives a solution set of

(=3,0)U(1,)

|
~<—

( Y
L
-4-3-2-1 ¢

L | | | |
12345 6

x—6

x+2

Find the values of x that make the numerator and
denominator zero.

The boundary points are —2 and 6.

Testing each interval gives a solution set of
(e, =2)U(6,0).
-+ttt
-3-2-1 0 1 2 3 4 5 6 7

>0

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

x—1
Find the values of x that make the numerator and
denominator zero.
The boundary points are —1, 1 and 2. We exclude 1
from the solution set, since this would make the
denominator zero.
Testing each interval gives a solution set of

[FL1)U[2.).
€

>

)
7
1

N

1 L | | | | |

T L 1 1 1 1 1
-2-1 0 3 4 5 6
x+3 <
x—4
Express the inequality so that one side is zero.
x+3

5

4—5S0
x+3_§(_X—4) <0

x—4
Find the values of x that make the numerator and
denominator zero.

The boundary points are 4 and ? . We exclude 4

from the solution set, since this would make the
denominator zero.

92.

93.

Testing each interval gives a solution set of

P
ey i

I
5

a.  g(x)=0.125x> +2.3x+27
g(35)= 0.125(35)2 +2.3(35)+27 = 261
The stopping distance on wet pavement for a
motorcycle traveling 35 miles per hour is about
261 feet. This overestimates the distance shown
in the graph by 1 foot.

b. f(x)=0.125x> —0.8x+99

0.125x% —0.8x+99 > 267
0.125x> —0.8x—168 > 0
Solve the related quadratic equation.

0.125x* —0.8x—168 =0
L ~bENb? ~dac

2a
L_(-08) i\/(—0.8)2 —4(0.125)(—168)
- 2(0.125)
x=-33.6, 40

Testing each interval gives a solution set of
(—e0,—-33.6)U(40,).

Thus, speeds exceeding 40 miles per hour on
dry pavement will require over 267 feet of
stopping distance.

s =-16 +vot +5g
32<—16t% +48¢+0
0<—16¢2 +48¢-32
0<—16(t2—3t+2)
0<-16(t—2)t-1)

F | 1 | F
2

The projectile’s height exceeds 32 feet during the
time period from 1 to 2 seconds.

w=ks
28 =k-250
0.112=k

Thus, w=0.112s.
w=0.112(1200) =134 .4

1200 cubic centimeters of melting snow will produce
134.4 cubic centimeters of water.
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9., d=k2

144 = k(3)*
k=16
d =16t
d =16(10)*> =1,600 ft

95. p=

|»§ | =

660—1
1056 =k

o

1056

w

Thus, p =

1056 1056 _ 440
24

The pitch is 440 vibrations per second.

96. l=i

PE
k
28=—

3
k=1792

1792
/=

d2
/= 1792—112 decibels

97. t=—

10=5h
h=2
2c
t=

t= 2(:0) =16 hours

98. V=FkhB
175=k-15-35

=
1]

~
Il

=
SV

.20-120 =800 ft>

wl—wpl—«»l

Chapter 2 Test

99, a. Use L=— tofind k.

b. This is an approximate model.

o L= 1890

189
L=——=70
27

The average life span of an elephant is 70
years.

Chapter 2 Test

1. (6=7i)(2+5i)=12+30i—14i—35i
=12+16i+35
=47+16i

5 5 2+1

2 = = .z
2—i 2-i 2+i
_5(2+10)
4+1
_5(2+10)
5
=2+i

3. 2449 +3J-64 = 2(7i)+3(8i)
=14i+24i
=38i

4. x? =4x-8
x> —4x+8=0
_ b+ b* —4dac
2a
_ (A (4 - 40)8)

2(1)
_ 42416
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Chapter 2 Polynomial and Rational Functions

5. f(x)=(x+1)°+4

vertex: (-1, 4)

axis of symmetry: x =-1

x-intercepts:

(x+1)2+4=0

X +2x+5=0

‘= —2++44-20

2

no x-intercepts

y-intercept:

F(0)=(0+1)> +4=5
y

=—1%+2i

>

5 x

fW=@+12+4
domain: (—ee,e0); range: [4,)

6. f(x)=x>-2x-3

-b 2
x:—:—:l
2a 2
f)=12-201)-3=—4
vertex: (1, —4)

axis of symmetry x = 1
x-intercepts:

x> —2x-3=0
(x=3)(x+1)=0

x=3orx=-1

y-intercept:
f(0)=0"-2(0)-3=-3

y

\

\ 1(3,0)
=Ly N T X
¢ D =4
Jo)=x*-2x-3

domain: (—eo,e0); range: [—4,)

7.

10.

f(x)==2x>+12x-16

Since the coefficient of x2 is negative, the graph of
flx) opens down and f{x) has a maximum point.
-12
x = —=
2(=2)

£(3)=-203)* +12(3)~16
=-18+36-16
=2

Maximum point: (3, 2)

domain: (—co,e0); range: (—eo,2]

f(x) =—x* +46x-360
b —46
T, T
23 computers will maximize profit.
£(23)=—(23)* +46(23)-360 =169
Maximum daily profit = $16,900.

23

Let x = one of the numbers;
14 — x = the other number.

The product is f(x)=x(14—x)
f(x)=x(14-x)=—x* +14x

The x-coordinate of the maximum is
b 14 _ﬂ _

2 2(-1) 2 7
£(7)==7*+14(7)=49
The vertex is (7, 49). The maximum product is 49.

This occurs when the two numbers are 7 and
14-7=17.

a. f(x)=x3—5x2—4x+20

X —5x2 —4x+20=0

X2 (x=35)—4(x=5)=0
(x=5)(x-2)(x+2)=0
x=52,-2
The solution set is {5, 2, —2}.

b.  The degree of the polynomial is odd and the
leading coefficient is positive. Thus the graph
falls to the left and rises to the right.

y
0,20 [TT]
@2 0
(_2',(‘)) PN (5,0)
1 X
/

() =x3—5x2— dx +20
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Chapter 2 Test

1. f(x)=x"-x o —(6)++/(6)* —4(1)(-2)

Since the degree of the polynomial is odd and the 2(1)
leading coefficient is positive, the graph of f'should —6+-/44
fall to the left and rise to the right. The x-intercepts = s
should be -1 and 1. =_3+/11
12. a. The integral root is 2. The zeros are -3, “3+411 , and —3-11.
b. 2 06 -19 16 -4 16, f(x)=2x*—x*—13x? +5x+15
12 -14 4 a.  Possible rational zeros are:
p: 1, £3, +£5 +15
6 7.2 0 g: 1, £2
6x> —Tx+2=0 1 3 5 15
P 345 +15. 44 +2 +2 +2°
(3x—2)(2x—i):0 q '—1:—3’—5’—15:—2:—2’—27— 2
X=—orx=— 3
3 2 b.  Verify that —1 and = are zeros as it appears in
12 2
The other two roots are 3 and 3 the graph:
=1 2 -1 -13 5 15
13. 28 +11x% = 7x—6=0 2 310 -15
pi £l £2,£3, +6 2 -3 -10 15 0
q:£1,£2 3
E:il,i2,i3,i6,il,ig j 2 -3 —10 15
q 22
3 0 -15
14, f(x)=3x" —2x* —2x? +x-1 2 0 -10 0
fix) has 3 51gnsvar1a210ns. 5 Thus, —1 and é are zeros, and the polynomial
f(=x)=-3x"-2x" —-2x" —x—-1 2
. i factors as follows:
f(—x) has no sign variations. 4 3 5
There are 3 or 1 positive real solutions and no 2x7 —x" —13x" +5x+15=0
negative real solutions. (x+1) (2x3 —3x2 —10x+ 15) =0
3 2
15. X +9x? +16x—-6=0 (x+1)(x—5)(2x —10):0

Since the leading coefficient is 1, the possible

rational zeros are the factors of 6 Find the remaining zeros by solving:

» 2% -10=0
p=":%1,+2 %3 +6 2%2 =10

q 25
3 /1 9 16 -6 x=%/5

The zeros are —1, %, and +/5 .

17. f(x) has zeros at -2 and 1. The zero at -2 has
multiplicity of 2.

X 43x7 —d=(x-1)(x+2)?

Thus x =3 is aroot.

Solve the quotient x> +6x-2=0 using the
quadratic formula to find the remaining roots.

= —bi\/b2 —4dac

2a
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18.  f(x)=ag(x+D(x—-D(x+i)(x—1i)
= ay(x* —1)(x* +1)
=ay (x4 —-1)
Since f(3) =160, then
ay(3* -1) =160
a/(80) =160
1

60
ag =—

ao =2
f) =2 - =2x*-2

19. f(x)=-3x"—4x> +x+2
The graph shows arootat x =—1.
Use synthetic division to verify this root.

Factor the quotient to find the remaining zeros.

3x2—x+2=0
~Bx=2)(x+1)=0

The zeros (x-intercepts) are —1 and %
The y-intercept is f(0) =2

y

©,2)]
1,0)

(1,0 T *
""" |

|
|
|
Jfx)= -3 -4+ x +2

(x+3)?
domain: {x |x# -3} or (—ee,=3)U(-3,)

y
o] (_29 1)

1
(—4,1) (0’ 3)

2 x

1
9 =633

2. flx)=——r2
x-1
domain: {x |x# 1} or (—eo,1)U(1,0)

yAX

22. f(x)=

domain: {x|x#4,x#-4}
Symmetry: () ===~/

X —

y-axis symmetry
x-intercept: x =0

=0
0> -16
Vertical asymptotes:

2 -16=0
x—-4Hx+4=0
x=4,-4

Horizontal asymptote:

n <m, so y =0 is the horizontal asymptote.

y-intercept: y =

x=—44y
(_2 l) 5l T
> 6 (0,0) ( 5>
va 5,;

| —
ﬁ*
> X

4
|

X ; 4
T0=7"3
2 p—
23, f(x)=""2
x=2
domain: {x|x#2}
x2 -9
Symmetry: f(-x)=
—x-2
Si=x) #Ax), =) # -Ax)
No symmetry
x-intercepts:
x2-9=0
x-3)x+3)=0
x=3,-3
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24,

intercept: y = 09 =2
Y pty 0—2 2
Vertical asymptote:
x-2=0
x=2

Horizontal asymptote:

n > m, so no horizontal asymptote exists.

Slant asymptote: f(x)=x+2 fiz
X—

y=x+2
(0 9) yy o y=x+2
=3,00.7 £ (3,0)
} 5 X
5 |
| |
I Y
x=2
x2-9
Je = x—2
x+1
f(x)=
() x2+2x-3

X% +2x-3 =(x+3)(x-1)
domain: {x |x#-3,x# 1}

Symmetry: f(—x) = 2_)C—+1
x°—=2x-3

S=x) # ), fix) # )

No symmetry

x-intercept:

x+1=0

x=-1
0+1 1

y-intercept: y=———=——
0> +2(0)-3 3

Vertical asymptotes:

2 +2x-3=0

(x+3)x-1)=0

x-3,1

Chapter 2 Test

Horizontal asymptote:
n <m, so y =0 is the horizontal asymptote.
x==-3 y

O 3
e
(-1,0)

ﬂ ;
—4, —= 1
s ("?)

x+1
A

4x?
x> +3
domain: all real numbers

2
Symmetry: f(-)=—3—= /()
X~ +

25. f(x)=

y-axis symmetry
x-intercept:
4x2 =0
x=0

, 4(0)?
y-intercept: y = >

0°+3

Vertical asymptote:

x> +3=0

XX =-3

No vertical asymptote.
Horizontal asymptote:

=0

n=m,so y= ? =4 is the horizontal asymptote.

y
y= 4 == - =
-1,1) .(.1’ 1
§5p
(0, 0) ]
1
_ 4x?
Sy = x2+3
2. a. E(x) _ 300,000+10x

X

b.  Since the degree of the numerator equals the
degree of the denominator, the horizontal

asymptote is x = ? =10.

This represents the fact that as the number of
satellite radio players produced increases, the
production cost approaches $10 per radio.
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27.

28.

29.

Cumulative Review Exercises (Chapters P-2)

1.

408

¥ <x+12

Xt —x-12<0
(x+3)(x—4)<0
Boundary values: -3 and 4
Solution set: (—3,4)

-< L ) >
<—+¢ v >
-3 4
2x+1S3
x=3
2x+1—3£0
-3
10—xSO
x-=3

Boundary values: 3 and 10
Solution set: (—eo,3)U[10,0)

~—— >
0 234 6 8 10 12
=k
d2
15
4500=k
i=i(;0=£go=45 foot-candles
d 10

domain: (-2,2) range: [0,c0)

The zero at —1 touches the x-axis at turns around so it

must have a minimum multiplicity of 2.

The zero at 1 touches the x-axis at turns around so it

must have a minimum multiplicity of 2.

There is a relative maximum at the point (0, 3).

(feNED=F(f(=D)=f(0)=3

f(x) > as x—>-2" oras x—2~

10.

x=—4 Y
SEEE IRE] SRR
(_29 4)
poat
iy
CEPNYCLD
[T 1] T3y
L] 1T

g =fx+2)+1

2x—1|=3
2x—-1=3
2x =4
x=2
2x—-1=-3
2x=-2
x=-1

The solution set is {1, 2}.

3x% —5x+1=0

L_5%425-12 54413
6 6
5+413 S—Jﬁ}

The solution set is R
6 6

9+§=i2
X X
9x? +3x=2
9x2 +3x—-2=0
Bx-DBx+2)=0
3x—1=0 3x+2=0
1 2

X=— o Xx=-——

3 3

The solution set is {—z, l}
3°3

X +2x% —5x—6=0
p:£l,+2, 43, +£6
q: =1

Py, 42, 43,46
q

X 42x% -5x-6=0
(x+3)(x* —x-2)=0
(x+3)(x+DH(x-2)=0
x=-3orx=-lorx=2
The solution set is {-3, -1, 2}.
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1. [2x-35/>3

2x—-5>3
2x>8
x>4
2x—-5<-3
2x <2
x<1

(—oo, 1) or (4> oo)

12. 3x% >2x+5
3% —2x-5>0
3% —2x-5=0
Bx=-5x+1)=0

5
x=—orx=-1
3

Test intervals are (—oo, —1), (—1, %), (%: “j-

Testing points, the solution is (—eo, —1) or (g, ooj.

13, f(x)=x—4x? —x+4
x-intercepts:

X —4x® —x+4=0

X2 (x—4)—1(x—-4)=0

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

(x—H(x+1)(x-1)=0
x=-1,1,4
x-intercepts:

£(0)=0*-4(0)* ~0+4=4

The degree of the polynomial is odd and the leading
coefficient is positive. Thus the graph falls to the left
and rises to the right.

y
il(il ]
PR s
N
(_1’0) \ 51X
,l |
' |(3|’|_8)

S =x}—4?2-x+4

Cumulative Review

14, f(x)=x>+2x-8
b 2

x = —_—=
2 2
D == +2(-1)-8
=1-2-8=-9

vertex: (—1,-9)
x-intercepts:

X2 +2x-8=0
(x+4)(x-2)=0
x=-4orx=2

y-intercept: f{0) =—8

y
1

|
|
401 e 0

s

\ T

H
i
1o

fx)=x2+2x -8

-

~

15. f(x)=x*(x-3)
zeros: x = 0 (multiplicity 2) and x =3
y-intercept: y =0
f(x)=x>=3x%
n=3,a, =0 so the graph falls to the left and rises to
the right.

o)

(0, 0) 3, 0)

1]

|4| |
CLIHIYe -
f@x) =x2(x - 3)

16, fr)=>"1
x=2
vertical asymptote: x =2
horizontal asymptote: y =1
x-intercept: x =1

. 1
y-intercept: y =

2

Yhx=2
s-4—-H
\[(3,2)

y=1 ]
; L
(0,%) 1,0)
T ]

x—1

f(x)—x >
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Chapter 2 Polynomial and Rational Functions

17.

18.

19.

20.

410

-
e
=
~

2,2 N/

(_2’

-3y

0, -1)

1°3]

—
=
=
~
[T

(_2’

X

A 1]

(1, -5)

X+yl-2v+4y—-4=0

(fe2)x) =1 (g(x)
=2(4x-1)* —(4x-1)-1

=32x% —20x+2

SO+ - f(x)

h

-(45 _2)

[2(x+h)2—(x+h)—1]—[2x2—x—l}

h

2+ 4hx—x+2h% —h—1-2x% + x+1

h

_4hx+2h% —h

h
=4x+2h-1
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