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Chapter 2 Functions and Relations

Section 2.1 The Rectangular Coordinate System and Graphing Ultilities

1. origin 1l.a.d=(x,—x,)

2. quadrants _ \/[_4 B (_2)] A (1 1_ 7)2

3.d= \/x —x yl)
+ +
4.M—[x‘ o ylzyJ =20=25

. solution b.M =| 2!
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e = J81+81 =162 =942
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Chapter 2 Functions and Relations

X, +x, y,ty,
2 72

[0 204)
2
(9
= (x2 x1)2+( )
(-4- 3)2+(—1—6)

-0
=49+ 49 =98 =742

16. a. a':\/(x2 —x,)2 +(Y2 —y,)2

- \/(31. 1-37.1)" +[-32.7-(-247) |

_ (—6)2 + (—8)2

=/36+64 =~/100 =10

XX, y1+y2]

2 72
31.1437.1 —32.7+(—24.7)j
2 ’ 2
68.2 —57.4

== Tj = (34.1,-28.7)

17. a. dz\/(

Xy _xl)Z +(y2 _y')2

=[5 5) [ (~R)]

:\/(3x/§)2+(—6«/5)2

=\45+72 =4/117
b. M = Xszz’ylzyzj
45445 _7\/5+(_\/5)
=| = :
5Vs 82 (545
2 2 ]:L 2 ’_4ﬁJ

18.a.d =

(xz _x1)2+

_J
-

(2 y1)2
2\/7—\/7)2+[\/§—(—3\/§)T

-\l

V1) +(a45)

=J7+80 =87

X, +x, ¥y, +ty,
2 72

W7 +7 \/§+(_3\/§)J

2 2

W7 —2\/5}(3‘2/7,—\/3]

27 2

19. d, = \/(3—

1) +(1-3)’

—J4+4=2\2
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=J9+9=32
d3=JQ—of+{3—¢aﬂ2
=J1+25 =26
d>+d?=d;
(2] +(342) =(\26)
8+18=26
26 =26 v True
Yes
mxdﬁ:Je—1f+(0—2f
=J4+4=2{2
d2=J03—3f+(—2—02
=\36+4 =210
4, [1-(3)] [2-(2)]
—JI6+16 =42
d>+d?=d}
(242) +(av2) =(2v0)
8+32=40
40 =40 v True
Yes
21. 4, :\/[5— -
=J49+16 =+/65
d2=Jp5—5f+@—o
=100+1 =+/101
d, = \/[—2 ~(-5)] +(a-1)’
- =32
d>+d?=d)}
() (2] =(1]
65+18 =101
83 =101 False
No

Section 2.1

22.d, = J(é 3) +(2-1)
—J81+1=+/82
d, =J@ 12+D ]
=4+9 Z\/E
czzzvk—6-4)2+[2 ]
J49+16== 65
d + =d
13+65=82
78 =82 False
No
23. a. x*+y =1
(-2) +(-3)=1
4-3=1
1=1v
Yes
b. x*+y =1
(4) +(-17)=1
16-17=1
—1=1 False
No
c. x*+y =
2
BRCE
2 4
1 3
— 4 —=
4 4
1=1v
Yes
24.a.  |x-3-y=4
(1)-3-(-2)=4
2+2=4
4=4v
Yes
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b. e—3|-y =4 26. x+7#0
(2)-3-(3)-4 £2 1
54.3-4 {xlx=-7}
8 =4 False 27. x-10>0
No x 210
c. ‘x—3‘—y=4 {xlelO}
1 11 28. x+11>0
(Ej_3‘_[_ﬁj:4 x =11
xlx>-11
IOK%}3 +i—(ﬂ=1o[4] 29. 1.{5—x >0 }
[1-30[+11=40 —x2-15
29+11=40 x<15
40 =40 v {xlx<15}
Yes 30. 22-x >0
25. x—3#0 >0
x#3 x<2.2
Pl 3 {xlx<22}

X y y =x Ordered pair

3,—3)

2,-2)

-1

!

L1

2,2)

(
(
(
0 10 JTy=0 (0.0)
(
(
(

3, 3)
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32.y=x"

Ordered pair
(00)
(1)
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y =0=0
y=v1=1
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X y y = ‘x‘ Ordered pair

L1 | y=[=1 L1
2 |2 | y=[=2 2, 2)
3|3 | y=[3=3 3.3)
................. il P

)
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Ordered
pair

Ordered pair

y =x’

— | N

35.y =x’
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Chapter 2 Functions and Relations

I I y:(%)zl (11)
SO
SR

Ordered pair
-3 y=|-3[+2=5 (—3’5)

-2 y =|-2[+2=4 (—2,4)

-1 y=|-1+2=3 (—1’ 3)

0 y=[0[+2=2 (0.2)

1 y=[l|+2=3 (1.3)

2 y =[2|+2=4 (2.4)

3 y=[3+2=5 (3’5)
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38 |x|+y =3
y =3—|x|
; y y :3_"“ Ol:dered
pair

3 [0 | y=3-3=0 (—&0)

lQ

5

0,3

)
?)
)
)

1,

2,1

(
(
(
12 | y=3-]=2 (
(
(

3,0
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Chapter 2 Functions and Relations

x |y —+Jx+2 Ordered pairs
2 |1 :i\/iz ! (—2,0)
| oy
) | y =%(2)+2 =2 (2’2),(2,_2)
7w | TR ) (0

40. y>—x +1=0
yi=x-1
y =x4/x -1
x |y y =+Jx -1 Ordered pairs

(10

1)-(2-1)

10 | 43 | y =+,/(10)-1=43

2
(5:2).(5.-2)
(

10,3),(10,-3)
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41. x=|y|+1
b=t
y:i(x—l)
x |y y =+(x-1) Ordered pairs
Lo [r=+[)-1]=0 | (0]
2 | a1 | y=4[(2)-1]==1 | (2.1).(2.-1)
3| 12 | y=4{(3)-1]=22 | (32).(3-2)
4| a3 | y=2[(4)-1]=53 | (43).(+-3)
5| 24 | y=2[(5)-1]=%4 | (5.4).(5.-4)

42. x=[y|-3
|y|=x+3
y:i(x+3)
x |y y = i(x + 3) Ordered pairs
30 | y=%[(-3)+3]=0 (—3,0)
2w | y=t[(2)+3]=1 | (-21).(-2-1)
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44. y =[x -2|
x |y |y :‘x—2‘ Ordered
D4 ly= (—2)—2|=4 (—2,4)
213 | y=|(-1)-2]=3 | (-13)
0 |2|y=|0)-2=2 |(0.2)
1ol y=|)-2=1 | (11
2 0 y:(2)—2:0 (2,0)
3 |1 |y= (3)—2!:1 (3,1)
4 |2 ] y=[4)-2/=2 | (4.2)

45. x-intercepts: (1,0, (9, 0)
y-intercepts: (0,—3 ,(0, 3)

46. x-intercepts: (—16, o), (4, o)
y-intercepts: (0, - 8), (0, 8)

47. x-intercept: (~2,0); y-intercept: none

48. x-intercept: none; y-intercept: (0, 1)

49. x-intercept: (0, o) : y-intercept: (o, o)

50. x-intercept: (0, o), (6, o) ; y-intercept:

(00)

51. Substitute O for y:  Substitute O for x:
—2x+4y =12 —2x+4y =12
—2x+4(0)=12  —2(0)+4y =12
—2x =12 4y =12
x=-06 y=3

x-intercept: (—6,0) ; y-intercept: (0, 3)

52. Substitute O for y:  Substitute O for x:

-3x -5y =60 —3x -5y =60
—3x-5(0)=60  -3(0)-5y =60
~3x =60 -5y =60

x =-20 y=-12

x-intercept: (—20, 0) ; y-intercept:

(0.-12)
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Chapter 2 Functions and Relations

53. Substitute O for y:  Substitute O for x:

x*+y=9 x*+y =9

x*+(0)=9 (0) +y =9
x*=9 y=9
x =13

x-intercepts: (—3, 0), (3, 0) ; y-intercept:

(09

54. Substitute 0 for y:  Substitute O for x:

x*=—y+16 x*=—y +16
x* =—(())+16 (())2 =—y+16
x*=16 y =16

x =14

x-intercepts: (—4, 0), (4, O) ; y-intercept:

(0.16)

55. Substitute O for y:
y = |x - 5| -2
(0)=fe 3|2

e =5 =2
x—-5=-2

x=3 or
Substitute O for x:

y :|x—5|—2
y =|(0)-5]-2=3

or x—-5=2
x=17

x-intercepts: (3, O), (7, 0) ; y-intercept:

(0:)
56. Substitute O for y:
y = |x +4|—3
(0)=|x+4|-3

| +4|=3
x+4=-3

x==-7 or
Substitute O for x:

or x+4=3

x=-1

236

y =|x+4]-3

y =\(0)+4\—3=1

xintercepts: (7,0}, (~1,0): -
intercept: (0,1)

57. Substitute O for y:  Substitute O for x:

x=y’ -1 x=y -1

x=(0) -1=-1 (0)=y"-1
1=y2
tl=y

x-intercept: (—1, 0) ; y-intercepts:

(0-1) (o)

58. Substitute O for y:  Substitute O for x:

x=y’-4 x=y’ -4

x=(0) -4 (0)=y*-4

x =—4 4=y°
2=y

x-intercept: (—4, 0) ; y-intercepts:

(0-2)(0.)

59. Substitute O for y:  Substitute O for x:

x| =[] [x[=[v]
[x[=|(0) (0 =]
x=0 0=y

x-intercept: (0, 0) ; y-intercepts: (0, 0)
60. Substitute O for y: Substitute O for x:

x:|5y| x=|5y|
x| =[s(0)| (0)=|5y|
|x|:0 0=y
x=0

x-intercept: (0, 0) ; y-iIntercepts: (0, 0)



P G N )
1 9

36[(X3)2 RE 4)2}36(1)

4 9
9(x-3) +4(y —4) =36
Substitute O for y:
9(x—3) +4(y —4) =36
9(x-3) +4[(0)-4] =36
9(x—3) +64=36
9(x-3) =-28

Not a real number.
Substitute O for x:

Not a real number.

x-intercept: none; y-intercept: none
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2

(x +6)2 +(y +3)

62. = -1
16{()( 1+66)2 e 23)2}16(1)

(x +6)2 +4(y +3)2 =16
Substitute O for y:
(x+6) +4(y +3) =16
(x+6)" +4[(0)+3] =16
(x+6) +36=16

x+6) ==20
(x+6)
x+6=14-20
X =—6+7-20

Not a real number.
Substitute O for x:

Not a real number.

x-intercept: none; y-intercept: none

63.d,. = \/[4—(—6)]2 +(8-10)
=100+4 =104 =226
dye =(4-6) +(8-0)
—Ja+64 =68 =217
Observation tower B is closer.
64.a. d = \/[1—(—2)]2 +(-3-3)

—35 mi ~6.7 mi




Chapter 2 Functions and Relations

65.a. d =\/(410—36)2 +(53-315)°

= \/3742 +(-262)"
=456.64 = 457 pixels
b. If both the player move directly
towards each other at the same speed,
then they will meet at the midpoint.

36+410 315+53j
2

Midpoint = (

=(223,184)
¢. The midpoint between A and B is

(224,184). If the A is 3 times faster
than B, then A and B will meet at the
midpoint of (223,184) and B.

[223+410 184 +53
2 b

]:(316.5,118.5)

~(317.119)
Therefore, A and B meet at (317,1 19)

66. d(A,B)= \/(80—460)2 +(210-420)°
= 434.165 ~ 434
d(B.C) =/(120-80)’ +(60-210

=104241~155

The total distance between A to B to C is

approximately 589 pixels.

At 120 pixels per second, the time
required is only about 4.9 sec

Yes

67. d(4,B)=(x=0)' +(0-0

=]

Therefore, the points A, B, and C make

up the vertices of an equilateral triangle.
68. d(4,B) =[x ~0) +(0-0) =

d(4.€)=(0-0) +(x-0) =|x|

Therefore, the points A, B, and C make

up the vertices of an isosceles triangle.

d(B,C)=(0—x) +(x—=0) =2

[a(5.0)] =[a(a.8)] +[a(a.c)]
(\/Ex)z =x’+x’,True

Therefore, the points A, B, and C make

up the vertices of an isosceles right

triangle.

69.a. [ = \/[1—(—2)]2 +(-3-0)
—9+9 =18 =32 fi
w =61 +(-3)
—Jara=y8=22

b. P=2[+2w
:2(3 2)+2(2 2)
- (5\/5)=10 2 ft




W =\/[—1—(—2)]2 +(4-3)’
=J1+1=42 fi

b. P=2]+2w

2
a (2T -y
\2/362+4 _ \/;1_02_ 2\25 _Jo

Center: (1, 2) : Radius: \/ﬁ

r =

72. C = _5+2,3+(_1)j
2 2
(32
272
(]
2
a2 1)
2 2
J49+16 65
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b= \/(7—1)2 +[6—(—2)T
=36 +64 =100 =10

1,1 —95 m’
Area—zbh 2(10)(5) 25 m

74. M :((—7%(—4), 5+(_4)J

Q..
|

- —\/(8—4)2+(5—3)2
=J16+4 =20=245
d,, :\/(2—8)2 +(2-5)
=\36+9=45=3/5
dAB +dBC :dAC
J5+245=345
3\/§=3\/§ v True
Collinear
76.d,, =\/(4—2)2 +(2-1.5) =v4+025
—\425=025-17=0.5\17
d, :\/(8—4)2 +(3-2)
—J16+1 =17
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77.

78.

79.

dye =(2-8) +(1.5-3)
=\36+2.25

—/38.25 =+/2.25-17

~1.5V17
dAB +dBC :dAC

0517 +17 =1.517
1.5(17 =1.5\17 v True

Collinear

d,, = \/(—2—4)2 +[8-(-3)]
=36+121=4/157
d. +d, . =d

dye =\(-1-5) +[5-(-13)]
=36+324 =360 = 610
dpg +dgec =dyc

J5 + /281 =610 False

Not collinear

The points (xl, yl) and (xz, yz) define
the endpoints of the hypotenuse d of a
right triangle. The lengths of the legs of
the triangle are ‘xz —xl‘ and ‘y2 —y,‘ .

Applying the Pythagorean theorem

80.

81.

82.

83.

84.

85.

86.

87.

2

produces d* = |x2 —x1|2 +|y2 —y,| ,or

equivalently

a,’=\/(x2 —xl)2+(yz—y|)2 for d >0.

The midpoint formula results in an

ordered pair. The x-coordinate of the
midpoint is the average of the x-
coordinates of the endpoints. The y-
coordinate of the midpoint is the average
of the y-coordinates of the endpoints.
To find the x-intercept(s), substitute 0
for y and solve for x. To find the y-
intercept(s), substitute 0 for x and solve
for y.
The graph of the equation represents the
set of all solutions to the equation
graphed in a rectangular coordinate

system.

d=(4-5) +[6-(-3)] +(-1-2)
—J1+81+9 =491

d =\/(2—6):Z +[3—(—4)J2 +[1_(_1)]2
~J16149+4 =69

a=\l0-3 +(5-7)+[1-(2)]
=9+14419 =162 =92

a=J2-9) +[o-(-5)] +[1-(3)]
—49+25+16 =90 =310

The viewing window i1s part of the

Cartesian plane shown in the display
screen of a calculator. The boundaries
of the window are often denoted by
[Xmin, Xmax, Xscl] by [Ymin, Ymax,
Yscl].



88. 780x —42y = 5460
42y =780x —5460

 _ 780x—5460

42
130

=—x-130
Y 7

Flotl Flatz Flots
~MBRC138-F 2 E-1308

M=
wNr=
wNy=
“Ne=
=NE=

MITHOOW
“min=-18

Window d

—10

10

241

90.

10
—-10

—10

91.
2000
-5 [\/
—1000

92.
500
-5 ™
—1000

93.

10

e

—10

94, 10

BN

—10

Section 2.1

10

10



Chapter 2 Functions and Relations
Section 2.2 Circles

1. circle; center
2. radius
3. (x —h)2 +(y —k)2 =r’
4. general
5.(x-2) +(y-7) =4
(2-2) +(7-7) =4
0+0=4
0 =4 False

No
6. (x=3) +(y-5) =36
(3-3) +(5-5) =36
0+0=36

0 =36 False

No
7. (x+1) +(y-3) =25
(~4+1) +(7-3) =25
9+16=25

25=25 v True
Yes

8. (x+6)2 +(y+l)2 =100
(2+6)2 +(-7 +1)2 =100
64 +36 =100

100=100 v True
Yes

9. r* =81

r:\/8_:9

Center: (4, - 2); Radius: 9
10. r* =16

r:\/ﬁz4

Center: (—3, 1); Radius: 4

11.

12.

13.

14.

15.

16.

17. a.

242

r’=6.25

r=+625=25

Center: (0, 2.5) ; Radius: 2.5
r? =225

r=+225=1.5

Center: (1.5, O); Radius: 1.5
r’ =20

r=+20=25

Center: (0, 0) : Radius: 2\/5
r’ =28

r B =27

Center: (0, 0) ; Radius: 2\/7

2 _81
49

r
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—k)2 =7’

(x=h) +(y

21. a.

22. a.
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2 2
[2+6 4+(-2)
2 2

244



27. a. r:\/(x2 —x1)2 +(y2_y1)2

=\/(—2—6)2 +(-1-5)

= /64 +36 =100 =10
(x—h)2+(y—k)2 =7

245

Section 2.2

29. a. The circle must touch the y-axis at

(0, 6) , at one side of a diameter.

r=y(x, =5 (v, -y,
= l4-0) +(6-0)

30. a. The circle must touch the x-axis at

(—2, O) , at one side of a diameter.



Chapter 2 Functions and Relations

=y =x ) +(v,-v)

=[2-(2)] +(-4-0)

31. a. The circle must touch the x-axis and
the y-axis at a distance r from the
center. Since the center is in

quadrant IV, the center must be

(5.-5).

246

32. a. The circle must touch the x-axis and

the y-axis at a distance r from the

center. Since the center is in quadrant

II, the center must be (—3, 3).

(x—h)2+(y—k)2 =r
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37. (x+1) +(y =5)" =0 {(x2+12x +36)
+(y? —14y +49)
(x +6)2 +(y —7)2 =1
Center: (—6, 7) ; Radius: \/I =1

=-84+36+49
The sum of two squares will equal zero ]

only if each individual term is zero.

Therefore, x =—1 and y =5.

(-3}

38. (x—3) +(y +12) =0

The sum of two squares will equal zero

43. x* 4y’ —=22x+6y +129=0
<x2—22x )+(y2+6y )=—129

only if each individual term is zero. {1 - 22)}2 a1 { 1 ( 6)}2 _

Therefore, x =3 and y =—12.

{(3,—12)} x2—22x+121

, , =—129+121+9

39. (x=17) +(y +1) =—9 y ?+6y +9

The sum of two squares cannot be ( X - 11) y + 3

negative, so there is no solution. Center: (11 _ ) Radius: f -1

{ } 44. x*+y?—10x+4y -20=0

40. (x +15) +(y -3)" =-25 (x*-10x  )e(y?+dy  )=20
The sum of two squares cannot be

negative, so there is no solution. l(—lO) 2 ~25 1(4) ’ -4
{ } 2 2
2 4 y? 16x— - (x> —10x +25
41. X“+y +6x-2y+6=0 (x 2x+ ) 2042544
(x2+6x )+(y2—2y )=—6 i +(y +4y+4)

LT { 2 (x=5) +(y+2) =49
[5(6)} =9 {5(—2)} =1 Center: (5,—2);Radius: @:7
_(x2+6x+9) 45. x2+y2—20y—4=()

+(y2—2y+l)]__6+9+1 x2+(y2_20y )=4
(x+3) +(v-1) =4 [l - } — 100
Center: (—3,1);Radius: «/Z=2 2

2. X4y +12x—14y +84=0 x* +(y? =20y +100) = 4 +100
(120 )+(y7 14y )=-84 x> +(y ~10)" =104

Center: (0, 10); Radius: /104 = 2\/%

B(U)T =36 [%(—14)}2 =49
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x> +y?+22x-4=0
(x2+22x )+y2=4

{ 2
{5(22)} =121
(x7 +22x +121)+y* =4 +121
(x+11) +y* =125
Center: (—11,0);Radius: \/175=5\/§
47. 10x> +10y* —80x +200y +920 =0
x*+y°—8x+20y +92=0
(x2—8x )+(y2+20y ):—92

1ol 10T
{E(—s)} =16 {5(20)} =100
_(x2—8x+16)

+(y2+2()y +100)

(x—4) +(y +10)" =24
Center: (4,—10); Radius: @:2\/6
2x>+2y° =32x +12y +90=0
x*+y’=16x +6y +45=0
(x2—16x )+(y2+6y ):—45

B(-m)}z =64 {%(6)}2 =9

(x> -16x+64)

+(y2+6y+9)

(x—8) +(y+3) =28

Center: (8, — 3) ; Radius: \/% = 2\/7
x*+y?—4x-18y +89=0

(x2—4x )+(y2—18y )=—89

[%(—4)}2 =4 [%(—18)}2 =81

46.

}——92+16+100

48.

]_—45+64+9

49.
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x —4x+4
=-89+4+81
y —18y+81

(x 2 -4

Degenerate case: { }

x*+y°=10x =22y +155=0
(x> -10x )+(y2—22y ):—155

B(—lo)T py B(—zz)}2 ~121
(¥~ 10x +25)
+(y* 22y +121)

(x5 ey 1) =

Degenerate case: { }
51. 4x> +4y* —20y +25=

50.

}155+25+121

0

2
x> +y? -5y 20

4
2 2 __é
X +(y Sy )— 1
1 * 25
30 -2
x>+ y*=5 +§ B
YT T Ty

2
5
‘+ly-=1] =0

Degenerate case (single point):

03)

52. 4x° +4y* —12x+9=0

x2+y2—3x+220
4

(x—3x )2+y2:—
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The approximate location of the

earthquake is (8, 7) .

The fire is located at approximately
coordinate (2, 1).

59. A circle is the set of all points in a plane
that are equidistant from a fixed point
called the center.

60. The center and radius can easily be
identified from an equation of a circle

written in standard form.
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61. (-2-4) +(6-y) =10
J36+36-12y +y* =10
J72-12y +y* =10
72-12y +y* =100
y?—12y —=28=0
(y+2)(y-14)=0
y=-2 or y=14

y=—2andy =14

62. (4-x) +[2-(-1)] =5
JI6-8x +x>+9=5
25-8x+x* =5
25—-8x +x* =25
x?=8x=0
x(x—8):()

x=0 or x=8
x=0andx =8
63. \/(Z—x)2+(4—x)2 -6
Nd—dx +x>+16-8x +x* =6
20—12x +2x* =6
20—-12x +2x* =36
2x*—-12x-16=0
x*—6x-8=0

2(1)
=6i\/§=6i2\/ﬁ:3i\/ﬁ

2

2
<3+\/ﬁ,3+\/ﬁ) and
7.5

64. \/(4—x)2+[6—(—x)]2 —4
J(=4=x) +(6+x) =

J16+8x +x% +36+12x +x° =
J52+420x +2x% =4

52+20x +2x> =16

2x*+20x +36=0

x> +10x +18=0

~(10)J{10)’ ~4(1)(18)
2(1)
—10++/28 _ —10+27

2

4
4

X =

e
(—5+\/7,5—\/7) and

(-5-ﬁ,5+ﬁ)

65. a.
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66. a. 67. a.

251



Chapter 2 Functions and Relations

68. a.

252

69.

X2 4y?—6x —12y +41=0
(x2—6x )+(y2 “12y ):-41

{ (—6ﬂ2=9 [%(_12ﬂ2=36

_()c2 —6x+9)
+(y? —12y +36)

(x-3) +(y-6) =4

Center: (3,6) ; Radius: \/Z =2

The distance between the origin (0, 0)

and the center (3, 6) is V3* +6° = 3\/3.

Therefore, the distance between the

N | —

}=41+9+36

origin and the point on the circle is

3J5-2.



70. x*+y +4x-12y +31=0
(x2+4x )+(y2—12y )=—31

2
o]+ [
x2 +4x +4)
+(y? -12y +36)
(x +2)2 +(y —6)2 =9
Center: (—2,6); Radius: \/5 =3

=-31+4+36

The distance between the origin (0, 0)
and the center (3, 6) is

22+6° =2410.
Therefore, the distance between the
origin and the point on the circle is
210 -3.

71. [—15.1,15.1,1] by [—10,10, 1]

Flobtl Flokz Flak:
MiBTCIE—HE )
WMeB-TCIE—HE
wMr=

“My=

“Ne=

“Me=

wMe=

10

—15.1

/ﬂ 15.1
N

—10

72. [—15.1,15.1,1] by [—10,10, 1]
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Flatl Flokz Flokz
~MMiBTCd9-KE
“MeB-To49-K2
W=
wMy=
wMe=
“ME=
wMe=

=154
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A

N,

15.1

—10

Flotl Flotz Flots
MV1§;EB+J(BE—(H—
B -2E-T(88-0k-
13220

wNr=
“My=
wNe=

73. [—14, 39, 5] by [—30, 5, 5}

39

7
L

—30

74.-0.28,0.18,0.02 | by

Flotl Flotz Flots
*V1E B?+Ji B1-Cx
8432

NVEE BE JO.A1-C%
+.E8402
Wi
=MNy=
wNe=

[-0.1,0.2, 0.02}
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0.2

l‘l. .ﬂ..|ll
, 0.18
"'n_\ A

R

—0.28

-0.1

Section 2.3 Functions and Relations

1. relation; domain; y

2. (2.4)

3.y

4. f (x)

5.5

6.5

7. Yes. For a given time after tree is planted,
there cannot be two or more different
heights.

That is, the height is unique at any given
time.

8. No. There are numerous times during the

year when the temperature in Fort
Collins, is 70°.
Therefore, given an input value of 70°,
there is more than one output value
(time).

9. a. {(Tom Hanks, 5), (Jack Nicholson, 12),

(Sean Penn, 5), (Dustin Hoffman, 7)}
b. {Tom Hanks, Jack Nicholson, Sean
Penn, Dustin Hoffman}
c. {5, 12,7}
d. Yes
10. a. {(Albany, 285), (Denver, 5883),
(Miami, 11), (San Francisco, 11)}
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11.

12.

13.
14.
15.

16.

o

. {Albany, Denver, Miami, San
Francisco}

c. {285, 5883, 11}

d. Yes

(-4.3).(-2.-3).(1.4),
(2o

. {—4, 2.1, 3}

o

c. {3,—3, 4,—2,1}
d. No

(-2.2),(-1.0),(0.-2),

“1(10).(12)

b. {-2.-1,0,1}

c. {2,0,-2}

d. No

False

True

No vertical line intersects the graph in

more than one point. This relation is a
function.

No vertical line intersects the graph in
more than one point. This relation is a

function.



17.

18.

19.

20.

21.

22,

23.

24.

25.

There is at least one vertical line that
intersects the graph in more than one
point.

This relation is not a function.

No vertical line intersects the graph in
more than one point. This relation is a
function.

No vertical line intersects the graph in
more than one point. This relation is a
function.

There is at least one vertical line that
intersects the graph in more than one
point.

This relation is not a function.

No vertical line intersects the graph in
more than one point. This relation is a
function.

There is at least one vertical line that
intersects the graph in more than one
point.

This relation is not a function.

This mapping defines the set of ordered

pairs: {(—8, 3).(-8.4).(-8.5). (-8, 6)} .
All four ordered pairs have the same x
value but different y values. This relation

is not a function.

This mapping defines the set of ordered

pairs: {(—3, 11),(-6.13),(-6. 9)} :

Two ordered pairs have the same x value
but different y values. This relation is not
a function.

This mapping defines the set of ordered

pairs: {(1,4),(2, 5). (3. 5)}

Section 2.3

No two ordered pairs have the same x
value but different y values. This relation
is a function.
26. This mapping defines the set of ordered
pairs:
{(5:-4).(6.-4).(7.-4). (s.-4)}.
No two ordered pairs have the same x
value but different y values. This relation
is a function.
27. (x +1)2 +(y +5)2 =25
This equation represents the graph of a
circle with center (—1, - 5) and radius
5. This relation is not a function
because it fails the vertical line test.
28. (x +3)2 +(y +4)2 =1
This equation represents the graph of a
circle with center (—3, - 4) and radius
1. This relation is not a function

because it fails the vertical line test.
29. y=x+3

10

-t

Iu/ - 10

=11

No vertical line intersects the graph in
more than one point. This relation is a

function.
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30. y=x—-4

110

/ 10

e

=110

No vertical line intersects the graph in more than one point. This relation is a function.
3l.a. y =x’

N

—-10

10

No vertical line intersects the graph in more than one point. This relation is a function.
b. x=y’

yi=x
y =2x
x y y =i\/; Ordered
o o y =40 =0 (0,0)
1 + y =+l =41 (1.+1)
1
4 * y:i\/ZZiZ (4,i2)
a]
9 = y =49 =43 (9.3

Two or more ordered pairs have the same x value but different y values. This relation is
not a function.

32.a.y =M
y =1x
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[y

=10 10

10

No vertical line intersects the graph

in more than one point. This relation

is a function.

b. x=|y|

[y|=x

y =xx

x|y y =+x | Ordered
00 |y—40 |(00)

1] 41 | y=+l (Lil)

2 |10 | y=t2 (2,12)
3|43 | y=3 | (3%3)

Two or more ordered pairs have the
same x value but different y values.
This relation is not a function.

33. (4,1)

a. f(-2)=(-2) +3(-2)=4-6=-2
b. f(~1)=(-1) +3(~1)=1-3=-2
c. £(0)=(0) +3(0)=0+0=0

d. f(1)=(1) +3(1)=1+3=4

e. £ (2)=(2) +3(2)=4+6=10

257

Section 2.3

(]
=
AN — TN —

e. h

38. k(x)=+x+1
a. k(-2)=

Undefined

(—2)+1 -J-1

Undefined
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44.
45.

46.

47.

48.
49.
50.
S1.

52.

53.

54.

5S.

56.

57.

58.

59.

=
—_
-
+
=
N
Il
(91

a+4):(a+4)2+3(a+4)
=a’ +8a+16+3a+12
=a’ +11a+28
f(r=3)=(c-3) +3(r-3)
=" =6t +9+3t—-9=1> -3t

Undefined

k(-10)=[(-10)+1=+~9

Undefined

fx+n)=(x+h) +3(x+h)
=x’+2xh+h> +3x +3h

1
g(x+h):x+h

f(x+h)=—4(x+h) =5(x+h)+2
= —4(x? +2xh+ 1" )=5x —5h+2
=—4x> —8xh—4h*> —=5x —5h+2
f(x+h)==2(x+h) +6(x+h)-3
=—2(x +2xh+h*)+6x +6h—3
= —2x> —4xh—2h" +6x +6h—3
f(x+h)=7-3(x+h)
=7-3(x"+2xh+h*)
=-3x>—6xh-3h>+7

60. f (x+h)=11-5(x +h)
=11-5(x" +2xh+1’)
= —5x> ~10xh—5h* +11

61. f (x+h)=(x+h) +2(x+h)-5

:(x3+h3+3x2h+3xh2)
+2x+2h-5
=x’+h’ +3x’h+3xh’
+2x+2h-5
62. f (x+h)=(x+h) —4(x+h)+2
=(x" 4+ 357+ 3xh”
—4x —4h+2
=x’+h +3x’h+3xh’
—4x —4h+2
63. 1(9)=17
64. f(-1)=6
65.f(3)=4
66. (2)=3
67. f(x):6 when x =-1
68. f(x)=7 when x =9
69. f(x):3 when x =2
70. f(x)=4 when x =3
71.a. d(t)=18

d(2)=18(2)=36
Joe rides 36 mi in 2 hr.

b. 40 min is ﬂ:2 hr
60 3

d(t)=18

(3

12 mi
72.a. r(x)=250-x
r(50)=250—-(50) =200



After having driven 50 mi, Frank
still has 200 mi remaining.
b. r(x) =250—x
r(122)=250—(122) =128
128 mi
73. C(x)=x+0.06x+0.18x
C(225)=(225)+0.06(225)+0.18(225)

=225+13.5+40.5=279
If the cost of the food is $225, then the

total bill including tax and tip is $279.
74. P(x)=1.075(x+0.40x)
P(60)=1.075[(60)+0.40(60)]
=1.075(60+24) =1.075(84)

=90.30
If the cost of the book from the

publisher is $60, the cost to the student
after the bookstore markup and sales
tax is $90.30.

75. Solve f(x) =0: Evaluate f(O):

f(x):2x—4 f(x):2x—4
0=2x-4  f(0)=2(0)-4
2x =4 =_4
x=2

x-intercept: (2, 0) ; y-intercept: (O, —4)
76. Solve g (x) =0: Evaluate g (O):

g(x)=3x-12  g(x)=3x-12
0=3x-12  ¢(0)=3(0)-12
3x =12 =-12
x=4

x-intercept: (4, O) ; y-intercept: (0, —12)
77. Solve h(x) =0: Evaluate h(O) :
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h(x :|x|—8 h(x)z‘x‘—S
0-lf-&  4(0)[0)-3
|x|=8 =-8
x =18

x-intercepts: (8, 0), (—8, 0) ;

y-intercept: (0, —8)

78. Solve k (x) =0: Evaluate k (0) :
k(x)=—|x|+2 k(x)=—‘x‘+2
0=-|x[+2  k(0)=-|(0)+2
x| =2 =2
x =12

x-intercepts: (2, O), (—2, O) ;

y-intercept: (O, 2)
79. Solve p(x)z(): Evaluate p(O):
p(x)z—x2 +12

0=-x"+12

x*=12

x=+/12 =423
(x):—x2 +12
(0)=—(0) +12

=12

x-intercepts: (2\/5, O), (—2\/5, 0) ;

y-intercept: (O, 12)

p
p

80. Solve q(x) =0: Evaluate q(()):
q(x)=x2—8 q(x)=x2—8
0=x"-8 4(0)=(0) -8
x> =8 =-8
x=+\8 =422

x-intercepts: (2x/§ O), (—2\/5, 0) ;

y-intercept: (0, —8)
81. Solve r(x) =0: Evaluate r(O) :
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r(x)=k-8  r(x)=[x-9
0=|x-8| r(O)z‘(O)—8‘

x—-8=0 =8
x=8

x-intercept: (8, O) ; y-intercept: (O, 8)
82. Solve s (x) =0: Evaluate S(O) ;

s(x):|x+3| S(x)=‘x+3‘
0=lr+3  5(0)=[(0)+3

x+3=0 =3
x=-3

x-intercept: (—3, O) ; y-intercept: (O, 3)
83. Solve f(x) =0: Evaluate f(O):
(OREERNIORN
0=v=2 1(0)=[0)-2
Vi =2 =-2
x=4
x-intercept: (4,0); y-intercept: (0,—2)
84. Solve g (x) =0: Evaluate g (0):
g(x)=—x+3 g(x)=—x+3
0=—Vx+3 ¢(0)=-f0)+3
Jx =3 =3
x=9
x-intercept: (9, 0) ; y-intercept: (O, 3)
85. Evaluate A (O) :
A (1)=14,280-247r
A(0)=14,820-0=14,280
The y-intercept is (0, 14,280) and

means that the amount owed after the

initial down payment is $14,280. The t-

intercept is (60, 0) and means that after

60 months, the amount owed is $0.
86. Evaluate f (0):

f(x)=94x+357
f(0)=0+357=35.7

(O, 35.7) ; The y-intercept means that
for x =0 (the year 2006), the average

amount spent on video games per person
in the United States was $35.70.

87. Domain: {-3,-2,-1,2,3};
Range: {—4,-3,3,4,5}
88. Domain: {-4,-2,0,2,4};

Range: {-2,0,2, 4,6}

89. Domain: ( -3, oo) Range: [1 oo)
90. Domain: ( )

91. Domain: (oo,
92. Domain: (oo,
93. Domain: (oo,
94. Domain: (oo,
95. Domain: (-5, 1] Range: {—1, 1,3}
96. Domain: | 4, 5); Range: {2, 1,4/
97.a. x -4 %0

x#4
(—00,4)u(4,oo)
b. (x+2)#0  (x-2)=0
X #-2 X #2

(—o0—2)u(-2.2) U(2.)
c. The denominator x° +4 is always
positive.
(oere0)
98.a. x-2+#0
x#2

(<02)u(2)



b. The denominator x* +2 is always

positive.

(<o)
c. (x+\/5)¢0 (x—ﬁ)iO
x#—\2 x#~2
(o))
99.a. x+9>0
x=>-9
[-9,0)
b.9—x >0
x<9
(—0,9]
c. x+9>0
x>-9
(-9:0)

100.a. 16— >0

r<16
(—0,16]
b.1-16>0
r>16
[16,00)
c.16—t>0
<16
(—0,16)

101. a. There is no restriction on t.

(o)

b. There is no restriction on .

(o)

c.t—5>0
t>5
(—oo,S)U(S,oo)

102. a. There is no restriction on x.

(=)

b. There is no restriction on x.
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(o)

c. x-3>0
x>3
(—00,3)U(3,oo)

103. a. There is no restriction on x.

(~o=.c0)
b. x>-3x-28%0
(x—7)(x+4)¢0
x#7 and x #—4
(—o0,—4)U(—4,7)U(7,0)
c. x+2#0
X #-2
(—oo,—2)U(—2,oo)

104. a. There is no restriction on x.

(~ee.0)
b. x+1#0
x #—1
(—oo,—l)u(—l,oo)
c. x'—4x-12%0
(x—6)(x+2)=0
x#6 and x #-2
(—oo, —2) U(—2,6)U(6,oo)
105. a. ‘x +1‘ +4 is always positive.
(—0, =0)
b. The denominator ‘x + 1‘ +4 is always
positive.
(=0, )
c. ‘x + 1‘ -4+#0
(x+1)-4=0
x#3
(—o0.—=5)U(-5.3)U(3,0)

106. a. There is no restriction on a.

(=)

—(x+1)-420
x #-5
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b. 8—|a—2/#0
8—(a—-2)#0  8+(a—2)=0
a#10 a#—6

(—o0,—6)U(—6,10)U(10,%0)
¢. The denominator 8+‘a—2‘ is
always positive.
(-0.0)
107.a. x +15>0
x>-15
[—15,00)
b. x +15>0
x>-15
[—15,00)
Nx+15-2#0
x+15#4
x#-11

c. x+15>0
x>-15

[-15,~11]U(-11,%0)
108. a. ¢ +20>0
c=>-20
[—20,0)
b. ¢c+20>0
c=>-20
[—20,0)
Ne+20-120
c+20=1
c#-19

c.c+20>0
c>-20

[-20,-19]U(~19,)
109. a. There is no restriction on x.
()
b. [0,0)
c. [0,7)
110. a. There is no restriction on x.

(o)

b. (—0,0)

262

c. (-2.2)
11.a f(-2)=—4

b. f(3)=2

c. f(x)z—l forx=-3,x=-1, x=1
d. f(x)=—4 forx=-2, x =2

10
e. x-intercepts: (0, 0) and [—?,Oj

f. y-intercept: (0, 0)

g. Domain: (—oo, oo)

h. Range: [—4, oo)
112.a. f(-2)=1

b. f(3)=3

¢. There are no x-values where
f(x)=-1.
d. f (x) =—4 for all x on the interval
02)
e. x-intercept: (—1, 0)
f. y-intercept: (O, - 4)
g. Domain: (—oo, oo)
h. Range: {—4} U[O, 00)
113.a. f(-2)=0
b. f(3)=5
c. f(x):—l forx=-3,x=-1, x=1
d. f(x)=—4 for x=—4, x=0

e. x-intercepts: (—2, 0) and (%, OJ
f. y-intercept: (0, - 4)
g. Domain: [—4, oo)
h. Range: [—4, 5}
114.a. f (-2)=-3



b. f(3)=-2
c. f(x)z—l for x=0, x=2
d. f(x)=—4 for x=-3, x=5
e. x-intercept: (1, 0)
f. y-intercept: ((), - 1)
g. Domain: (—oo, 5]
h. Range: [—4, O] U {3}
r(x)+x =400

r(x) =400-x
w (x)+x =200

w (x)=200-x

115.
116.

117. P(x):x +x+x
P(x):3x
24 (x)+x =180
24 (x)=180—x
180 —x
A(x)="3
C(x)+x =90
C(x)=90—x
S (x)+x =180
S(x)=180-x
121. f (x)=3x" -2
122. f (x)=+/x +3

123. If two points in a set of ordered pairs

118.

119.

120.

are aligned vertically in a graph, then
they have the same x-coordinate but
different y-coordinates. This
contradicts the definition of a function.
Therefore, the points do not define y as

a function of x.
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124. To find the x-intercept(s), find the real

solutions to the equation f(x)= 0. To

t(0),

find the y-intercept, evaluate
125.a. P(s)=4s

d s)zsﬁ
L [s(@)] [o(@)] =
2[s(d)]2=d22
@] =5
()=
d
s(d):—2
ors(d):de
g P(d)z4[¥}
P(d)=22d
h. A(d)= #]
A(a)= 2
a(a)-L

263
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c. r(d)=2
d. d(r)=2r
e. C(d =7d

Section 2.4 Linear Equations in Two Variables and Linear Functions

1. linear
2. vertical

3. horizontal

4. m Y27V

Tx,ox
5. zero; undefined
9. 3x+4y =12

4y =3x+12

3
=—x+3
Y75

N[O W(N|W| O~

x-intercept: (—4, O) ; y-intercept: (0, 3)

264

6. mx +b

) ()

Xy =X

8. horizontal



10. 2x+y =4
y=2x+4 )
x y
-3 -2
-2 0
-1 2
0 4

x-intercept: (—2, 0) ; y-intercept: (0, 4)

11. 2y =—5x +2

5
=——x+1
Y 2

—_ N N =

NN o
o

: 2 .
x-intercept: (g,()j ; y-intercept: (0, 1)

12. 3y =—4x +6

4
=——x+2
Y 3
v
X |y
G
3
0| 2 .
510
2
3| -2

265
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: 3 :
x-intercept: (E, OJ ; y-intercept: (0, 2

13. x=-6
X y
-6 | -2
-6
-6 2
-6

x-intercept: (—6, 0) ; y-intercept: None

14. y =4
X 1y
-2 | 4
4
2 | 4
4
x-intercept

15. 5y +1=11
5y =10
y=2

NN =

x-intercept

S——

SR SR

: None; y-intercept: (0, 2)
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16. 3x—2=4
3x=6
x=2 ;
X1y
2] -2
2
21 2
2

x-intercept: (2, 0) ; y-intercept: None

17. 0.02x +0.05y =0.1

2x +5y =10
Sy =-2x+10
2
=——=x+2
y 5 \.
x |y »
il - -~ 0026 + 005y = 0.1
0 2 RO PR (A R | o A O ‘
L2 o
5 iy
5 [0 Ll

x-intercept: (5, 0) ; y-intercept: (0, 2)

18. 0.03x +0.07y =0.21
3x+7y =21
Ty =-3x+21

3
=——=x+3
YT

267
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X |y
] %4
7
0 |3
BE
7
7 10

x-intercept: (7, 0) ; y-intercept: (0, 3)

19. 2x =3y
_2.
y =3 |
x |y
3] 2

x-intercept: (0, 0) ; y-intercept: (0, 0)

20. 2x =-S5y

x-intercept: (0, O) ; y-intercept: (0, O)
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21.

22,

23.

24.

25.

26.

27.

28.

29.

30.

80 16

Y, =Y,

)C —x

2. 5 1

T 100 40
rafterrise 7

m =

pitch = =—

rafterrun 12

m=22"Y1_ _1_(_7)
X, =X, 2-4

_ 30—(-16)

184 4

269

31.

32,

33.

34.

35. m=

36.

37.

38.

39.

m =

Section 2.4

y,—y, =37-41
m = =
X, —X, 9.5-2.6
_18_ 26
69 23
y,=y, 79-62
B X, =X, - -5.1-85
171
T-136 8
m_yz—y,_1—6
Xy =X E_E
2 4
-5 -5 20
10 37 7
4 4 4
3.2
m_yz Yi_10 5
X, =X, 4—(—3)
3 4 1
_10 10__10__1
7 7 70
y2—y1=\/§—2\/§
Xy, =X \/6—3\/g
556 30

"2 2 12

Y, =Y, =_5*/§_(_3\/§)

X, =X, \/H—Z\/H
23 2311 2433

VTR TEN TR

Use points (—1,1) and (O, ):

_xz—xl _O—(—l) =3

4
Y,y 4-1 3
1

Use points (—2, 0) and (0, 1):

YoV 1-0 l
x,—x, 0- (2
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40. Use points ((), 3) and (1, - 1):

y,—Y, _—1—3_—4

m= =—=-4

41.

X, =X, ~1-0

Use points (0, —4) and (2, -

yz_y1:_4 ( 4)

m =

1

0

4):

X, =X,

42.

43.
44.
45.
46.

47.

48.

49.

50.

S1.

I\JIL»J

2
Y2 ), (undefined)

m = =
X=X

OIN

Use points [ ) j and (
3-1
3.3
2 2
Undefined
0
0
Undefined
_ Y27
Xy =X,
i yz_yl
5 52
5(v,—y,)=208
y,—y, =416 ft
Yo=Y

X, =X,

5 216

8 x,—x,
x,)=1728
x,=345.6 m

Change in population over change in

5(x -

2
X, =
time.
Change in distance over change in time
which is speed.
a. 2x -4y =8
4y =-2x+8

1
=—x-2
)

m= % ; y-intercept: (0, - 2)

52.a.3x-y =6
y=3x-6

m =3 ; y-intercept: (0, - 6)

53.a. 3x =2y -4

2y =3x+4

3
=—x+2
Y73

m = %; y-intercept: (0, 2)
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54.a. 5x =3y -6
3y =5x+6

5
=—x+2
Y73

m :g ; y-intercept: (O, 2)

m= —% ; y-intercept: (O, O)

271

57. a.

2y —6=8

2y =14
y =1
m =0; y-intercept: (0, 7)

58.a.3y +9=6

b.

3y =-3
y=-1
m =0; y-intercept: (0, — 1)

Section 2.4
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59. a. 0.02x +0.06y =0.06 61. a. XY
2x +6y =6 4 7
6y =-2x+6 28 £+X =28(1)
1 . 4 7
y=-3* Tx +4y =28
1 =
m :—g;y-intercept: (0,1) =
7
A =——x+7
YTy

m= —% ; y-intercept: (0, 7)

60. a. 0.03x +0.04y =0.12

3x+4y =12
4y =-3x+12
3 62 T2
:——x+3 . de —+ =
y 1 3 4
3 XY
m =—Z ; y-intercept: (O, 3) 12(3 + 4j_12(1)
' 4x +3y =12
3y =—4x +12
4
=—-——x+4
Y 3

m= —% ; y-intercept: (0, 4)

272



63. a. Linear
b. Linear
c¢. Neither
d. Constant

64. a. Linear
b. Neither
¢. Constant
d. Linear

65.a. y =mx+b

y==—x+b

=—x+9
)

b.f(x):%x+9

66.a. y=mx+b

1
=—x+b
Y73

—4:%(0)+b
—4=b
y =%x—4

b. f(x)=%x—4

67.a. y=mx+b
y=-3x+b
~6=-3(1)+b
—-6=-3+b
-3=b
y=-3x-3

b. f(x)=-3x-3

Section 2.4

68.a. y=mx+b

y=-5x+b
~8=-5(2)+b
—8=-10+b

2=>

y=-5x+2

b. f(x)=-5x+2
69.a. y=mx+b

y=—x+b

b. f(x):§x+%

70.a. y=mx+b

3
=—x+b
Y 2

—2:%(—4)+b

—2=-6+b
4=b

3
=—x+4
Y 2

b. f(x)=§x+4

71.a. y =mx +b
y=0x+b
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72.a. y=mx+b
y =0x+b
y=b
-3=b
y=-3
b. f(x)=-3
73.a. y=mx+b
y=12x+b
51=12(3.6)+b
51=4.32+b
0.78=b
y=12x+0.78
b. f(x)=12x+0.78
74. a. y =mx+b
y=24x+b
28=2.4(12)+b
2.8=2.88+b
-0.08=b
y =2.4x-0.08
b. f(x)=2.4x-0.08
75.0.m=22"0 672 8_,
x,—x, 0-4 4
y=mx+b

y=2x+b
—6=2(0)+b
-6=b
y=2x-6
b. f(x):2x—6
y,-y,  3-1 4 1

76. 2. m = X, =X, B O—(—S) :?:_5

274

b. f(x) —%x—3
77. 8. m=22_21 () 44
X, =X, 4-7 -3 3
y=mx+b
y——§x+b
1=—%(4)+b
Dy
3
__ 4.
Y=
b.f(x)=—%x+%

81. a. Average rate of change
_ f(xy)=f (x)
Xy =X
8244 -6420
10-5
182 $364.80/yr



b. Average rate of change

:f(xz)—f(xl)
Xy =X

17,452 -13,591
- 25-20

_ 3861 _ $772.20/yr

¢. Increasing

82. a. Average rate of change

_f(x)-f(x)
B Xy =X
75-64

- 5-3

= % = 5.5°F/month

b. Average rate of change

_f(XZ)_f(xl)
- Xy =X
64-79
C11-9

= _—15 = —7.5°F/month

¢. A positive rate of change means that
average monthly temperature is
increasing. A negative rate of change
means that average monthly
temperature is decreasing.
83. a. Average rate of change
_N()-N (1)
t, -1,
_ 4475.125-5000

2-0
=-262.437 =~ 262 / month
b. Between months4 and 6:

Average rate of change

Section 2.4

_ N(tz)_N(Il)
L,
 1842.837-3208.565
- 6—4
=—-682.864 ~ 683/ month
Between months10and12:

Average rate of change
:N(tz)_N(tl)
5=
~92.265-312.5

12-10
=—110.118 =110/ month

5000

The number of new flu cases
dropped slowly during the first two
months. Then the rate of new cases
dropped more rapidly between
months 4 and 6 (perhaps as health
department officials managed the
outbreak). Finally, the rate of new
cases dropped more slowly toward
the end of the outbreak.
84. a. Average rate of change
_Y (L,)-v (L)
L,-L,
_24-12
C4-1
b. Average rate of change

=0.4m/sec
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36 24

C.

NORMAL FLOAT AUTD a+bi DEGREE CL .

5

=0.24 m/sec

s

,'/
b A

|
0
0 12

From the graph, the longer the
wavelength, the faster the wave.

However, the rate at which a wave

gains speed decreases as wavelength

b 1)
/(0)=(0) ~3--3
fF(1)=(1) -3=1-3=-2
£(3)=(3) -3=9-3=6

f(—2):(—2) —3=4-3=]
a. Average rate of change

:f(xz)_f(xl)

2 T

X
f(1)-£(0)
S 1-0
_2-(3)
|
b. Average rate of change

=1

— ]

o))

-f
3-1
_6- ( )_8

2
¢. Average rate of change

:f(x2)_f(xl)

g(-2)=2(-2)" +2=8+2=10

a. Average rate of change

:g(xz)_g(xl)
() -4(0)
1-0

4-2 2

1

_ 1 -
b. Average rate of change

:g(xz)_g(xl)

Xy =X

g(3)-¢(1)
3-1

204&8
2 2

¢. Average rate of change

- —Z-9

276



_ () =h(x)

b. Average rate of change

=h(x2)_h(xl)

h{1)- (o)
e
1

1

= = =1

>—|._.C>

¢. Average rate of change

=h(x2)—h(x,)

88. k(x)=x’-2
k(-1)=(-1)'-2=-1-2=-3
k(0)=(0) -2=0-2=-2
k(1)=(1) -2=1-2=~

a. Average rate of change

=k(x2)_k(x1)

23
S /L

b. Average rate of change

_ k(x,)=k(x,)

() 4 (0
1-0

)

1 1
c¢. Average rate of change

:k(xz)_k(xl)
k(2)2—k(11)
2-1
:6—(—1)21_7
1 1
89 m(x)zx/;
m(0)=+0=0
m(1)=+1=1
m(4)=4=2
m(9):\/§:3

a. Average rate of change

277
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m(x,)—m(x,)

Xy =X
m(1)—m (0)
1-0
1 1
b. Average rate of change

=m(x2)—m(x,)

Xy =X

m (4)-m (1)

4-1

_2-1 1
3 3
¢. Average rate of change

:m(xz)—m(xl)

—_

_nlx)=n(x)

b. Average rate of change

278

_nfx)-n(x,)
_n(3)n2)
5-2
2-1 1
"3 3
¢. Average rate of change
_nx)=n(x)
_ n(l()i—n](S)
10-5
3-2 1
5 s
91.a. {-1}
b. (—o0, 1)
C. [—l,oo)
92.a. {1}
b. (0.1}
c. [l,oo)
93.a. {2}
b. (~,2)
c. [2,00)
94. a. {1}
b. [l,oo)
C (—oo,l)
95. a. {5}
b. [—5,00)
C. (—oo,—S}
96. a. {-9.5}
b. (—oo —9.5}
c. [-9.5,)
97. a. {14}
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C. | —0, 14) 104. 10

(
98. z El_i}ls) /><

99. The line will be slanted if both A and B ~10
are nonzero. If A is zero and B is not
zero, then the equation can be written in The x-intercepts of the two lines are
the form y =k and the graph is a (—6, 0) and (3, 0). The base of the
horizontal line. If B is zero and A is not triangle is 3—(—6) =9 units . The y-

zero, then the equation can be written in . i .
d intercept of the two lines is (0, 6) . The

the form x =k , and the graph is a
height of the triangle is 6.

1 1

vertical line.

100. If C is zero, then the line passes A= Ebh = 5(9)(6) =27 units’
through the origin. 105.

101. The slope and y-intercept are easily 10

determined by inspection of the

equation.
1 10 ] 10
102. The average rate of change of f on the r_‘_'_j'_‘:v:

interval [xl, xz} is the slope of the

. . . ~10
secant line passing through the points

(xl,f (xl )) and (xz,f (xz )) : The x-intercepts of the two lines are
103. . (—4, 0) and (6, O) . The base of the
[ triangle is 6 —(—4) =10 units . The y-
/ intercept of the two lines is (O, - 2) .
B / i : The height of the triangle is 2.
[ 1 1 :
L A =5bh=§(10)(2)=10 units’

The x-intercept of the line is ( -2, 0) .
The base of the triangle is 2 units. The
y-intercept of the line is (0, 4) . The
height of the triangle is 4.
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106. 3.3

-33

The x-intercepts of the line are ((), ())

and (4, ()) . The diameter of the half

circle is 4 units, so the radius is 2 units.

A= l7rr2 = l7z(2)2 =277 units’
2 2

107.a. Ax+By =C

By =-Ax+C
AL
Y B B
A
b. m=—-—
B

108.2. m=-_2__3 3
B 9 9

b. ()72 — (),i — 0,_%
B -9 3
109. a. 3.1—2.2(z+1):6.3+1.4t

3.1-22t-22=63+1.4t
—2.2t+09=1.41+6.3

~3.61 =54
t=-1.5
{-1.5}
10
3 g

—10

RHH\H 10
I'I

—10

Interseckion
n=-1kt

280

b. (~0,-1.5)
C. (—1.5,00)

110. a. {_1 12-46(c=3)| 0.4(c+2)
+1.8¢

_112-4.6¢+138]
~0.4¢+0.8

+1.8¢

2.8¢+2.6=04c+0.8
32¢=-18

¢ =0.5625
{0.5625}

S 10

\

Y
¥=1.0zE
—10

—10

b. (—oo, 0.5625)
c. (0.5625, oo)

111. a. [2x -3.8/-4.6=7.2
2x —3.8|=11.8
2x—-3.8=11.8 or 2x—3.8=—-11.8
2x =15.6 or 2x =-8
x=78 or x=—4
{—4,7.8}

—10 .

10

Inkerseckion
n=-y

—10
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~10 \' / 10 > (_w’_4'5]u[7'9’°°)

c. [—4.5, 7.9]

Inkerseckion
TR S (T 113.

b. (o0, 4 [ 7.8,%0) /

—10 10
. [—4, 7.8] /

112. . |x —1.7|+4.95=11.15 —

10

x—1.7|=6.2
x—17=62 or x—1.7=-6.2 The lines are not exactly the same. The
x=179 or x=-45 slopes are different.
{~4.5,7.9) 114.
10
15 /
\‘\\,\_// == .-"'f = o
L
—10 10
Interseckion —10
H=TH.E V=118
=3
The lines are not exactly the same. The
15 y-intercepts are different.

T o~
‘“‘uﬁ_‘/f"'

="

-10 10
Inkerseckion
#=r8

Y=11.1E
—5

Section 2.5 Applications of Linear Equations and Modeling

l.y—yl:m(x—xl) 3. -1
2. parallel 4. R(x)—C(x)
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5.y-y, :m(x—xl)

y =5=-2[x—(-3)]

y _5=—2(x +3)

y—-5=-2x-6
y=-2x-1

6. y-vy Zm(x—xl)
y—(-6)=3(x—4)
y+6=3x-12
y =3x—18
7oy =)

y —0=§[x—(—1)}

9. vy -y, :m(x—x])
y-2.6=12(x-34)
y—2.6=1.2x-4.08

y =1.2x-1.48

10. y -y, :m(x_xl)
y—4.1=24(x-22)
y—4.1=2.4x-5.28

y=22x-1.18
ooty 12 11
x,-x, —3-6 -9 9

282

15' m= y2 _yl :37_5.1 =_14 =3.5
x2 _xl 19_2.3 —0.4
y_y] :m(x—x])
y—5.1=35(x-23)
y —5.1=3.5x -8.05

y =3.5x -2.95




16.

17.

18.

19.

20.

21.
22,

23.

24. a.

25.

mod2 Y1 6-48 12
x,—x, 08-1.6 -0.8
y—y]=m(x—x,)
y—6=—-1.5(x-0.8)
y—6=—-15x+1.2
y=—-15x+7.2
y—y1=m(x—x])
y—(—4)=0(x-3)
y+4=0
y =—4
y—ylzm(x—xl)
s 10 (5]
y—-1=0
y =1
A line with an undefined slope is a

=-1.5

vertical line. Every coordinate has the

. 2
same x-value, so the equation is x = 5

A line with an undefined slope is a
vertical line. Every coordinate has the

same x-value, so the equation is
4

X=—=.

7
Undefined

0

a. m=—

26. a.

27. a.

28.

29.

31.

32.

Section 2.5

b.m:—i:l
-6 6
a. m=-10
b.m=—L=—i
-10 10
a.m=1
b.m:—lz—l
1
a. m is undefined
m=0
1
m, =——
m2
b L
1
2
2=-2 v True
Perpendicular
1
em;=——
m2
4__ b
33
4
i=i\/True
3 3
Perpendicular
5
8x -5y =3 2x:Zy+1
-5y =—8x +3
y_§x_§ —y=2x-1
50 3 8 4
=—X——
Y75
m, =m, ; Parallel
2x +3y =7 4x =—6y +2
3y =-"2x+7 6y =—4x+2
_ el yo2il
S A T A R

m, =m, ; Parallel
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33. 2x =6 5=y
x=3 y=5
m = undefined m=0
Perpendicular
34. 3y =5 x=1
5 m = undefined
y=—-
3
m=0
Perpendicular
35.6x =Ty %x—3y:()
6 7
y _;x —3y I—EX
_T,
Y76
m, #m,
1
m,=——
m2
6__1
77
6
9:—9 False
7 7
Neither
5
2 5
y _gx -y :—Ex
N
Y 2
m,#m,
1
m,=——
m,
2_ 1
55
2
%:—% False
5 5
Neither

37.2x+y =6

284

y==2x+6; m=-2
y =y, :m(x—xl)

y—5:—2(x—2)
y-=5=-2x+4
y=-2x+9%o0r2x+y=9
38. 3x+y =4

y=3x+4; m=3

y -y, :m(x—xl)

y=(-1)=3(x-3)
y+1=3x-9
y=3x—-10o0r3x -y =10
39. x -5y =1
=Sy =—x+1
1 L1
i
L1
m 1
5

y -y, =m(x —xl)
y—(-4)=-5(x-6)
y+4=-5x+30

y=-5x+26o0r5x+y =26

40. x -2y =7
=2y =—x+7

y =Y, :m(x—xl)
y—4=-2(x-5)
y—4=-2x+10

y=-2x+14or2x+y=14
41. 3x =7y +5
Ty =3x -5

_2. 2. m_i
YESA T 7



3
—8=—(x—-6
P
Y
"1k
=—x+— or 7y =3x+38
Y 7 7 y
3x -7y =-38
42. 2x =5y -4
Sy =2x+4

2 14
y+6—§x—?
y=%x—% or 5y =2x—44
2x -5y =44
43. 2x =4 -y
y=-2x+4, m=-2
11 1
m 2 2

y_yl :m(x—xl)
y—64=05(x-22)
y—64=05x-1.1

y =0.5x+5.3 or 10y =5x+53

5x =10y =-53
44. 4x =9y
y=—4x+9 m=-4
S
m —4 4

y =Yy, zm(x—xl)
y-1.2=025(x-3.6)
y-1.2=0.25x-0.9
y =0.25x+0.3 or 20y =5x+6
5x =20y =—6
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45. A line that is parallel to the x-axis is a
horizontal line with slope 0. Every
coordinate has the same y-value, so the
equationis y =6.

46. A line that is parallel to the y-axis is a
vertical line with undefined slope.
Every coordinate has the same x-value,
so the equation is x =—11.

47. A line that is perpendicular to the y-axis
is a horizontal line with slope 0. Every

coordinate has the same y-value, so the
equation is y = e

48. A line that is perpendicular to the x-axis
is a vertical line with undefined slope.

Every coordinate has the same x-value,
L. 7
so the equation is x = g

49. A line that is parallel to a vertical line is
also a vertical line with undefined
slope. Every coordinate has the same x-
value, so the equation is x =—61.5.

50. A line that is parallel to a horizontal line
is also a horizontal line with slope 0.
Every coordinate has the same y-value,
so the equation is y =0.009.

51.a. §(x)=0.12x +400 for x >0

b. S (x)=0.12(8000)+ 400

=960+400=1360
S (8000) =1360 means that the sales

person will make $1360 if $8000 in
merchandise is sold for the week.
52.a. P(t)=15t+2forr>0
b. P(1.6)=1.5(1.6)+2
=24+2=44
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53. a.

54.

<Y

5S.

= a ]

()

&

56. a.

=p

(]

&

57.a
b

ter 2 Functions and Relations

P (1.6) = 4.4 means that it costs
$4.40 to park for 1.6 hr (1 hr 36 min).
T (x)=0.019x +172 for x >0

T (80,000) - 0.019(80,000) +172

—1520+172 =1692
T (80,000) —1692 means that the

property tax is $1692 for a home with
a taxable value of 80,000.

% (;) =-0.25+6.8 for 0<t <27.2

- W (20)=-0.25(20)+6.8
=-5+68=1.8
w (20) =1.8 means that after 20 days

of drought, the water level will be 1.8
ft.
. C(x)=34.5x+2275

. R(x)=80x

. P(x):R(x)—C(x)

=80x —(34.5x +2275)
=45.5x —2275
P (x) =0
45.5x —2275=0
45.5x =2275
x =50 items

C(x)=0.4x +5625
. R(x):1.3x

. P(x)=R(x)—C(x)

=1.3x —(0.4x +5625)
=0.9x — 5625
P (x ) =0
0.9x —5625=0
0.9x =5625
x =6250 items
. {730}
. [0, 730)

58.

59.

60.

(]

. (730,0)
{

a. 25,000}

b. [0, 25,000)
c. (25,000, oo)

a. C(x)=0.24(12)x +790
=2.88x + 790

b. R(x)=6x

C. P(x) :R(x)—C(x)
= 6x —(2.88x +790)
=3.12x —790

d. P(x)>0

3.12x =790 >0

3.12x > 790

x>253.2
The business will make a profit if it

produces and sells 254 dozen or
more cookies.
e. P(x)=3.12x-790
P(150)=3.12(150)-790
=468 —-790 =-322
The business will lose $322.
a. C(x)=36x +680
b. R (x) =60x
c. P(x):R(x)—C(x)
=60x —(36x +680)
=24x -680
d  P(x)>0
24x -680>0
24x > 680

x>28.3
The business will make a profit if 29

or more maintenance calls are made

per month.



e. P(x)=24x-680
P(42)=24(42)-680
=1008 — 680 = 328
The business will make $328.
50—110

6l.a. m=22"21_ —_12
x,—x, 1000—950

1
Yy =y =m(x—x])
y =110 =-1.2(x -950)
y—110=-1.2x +1140
y =—1.2x +1250

b. m =—1.2 mph/mb means that for an

increase of 1 mb in pressure, the
wind speed decreases by 1.2 mph.
¢. y =(-1.2x900)+1250
=170 mph/mb

d. No. There is no guarantee that the
linear trend continues outside the
interval of the observed data points.

62.a. m=22"21_22711_ 595
x,—x, 40-0
y -y, :m(x—xl)
y —11=0.275(x -0)
y =0.275x +11
b. m =0.275 means that Dodger’s

weight increased by 0.275 Ib per day
during this period.

¢. The y-intercept is (0, 11) and indicates
that Dodger’s weight the day he was
adopted was 11 1b.

d. 70><2 =0.275x +11
100

70x£ -11
B 100

B 0.275
=189.090 ~ 189 days

Section 2.5

e. No. Dodger will eventually stop
growing (or at least Caroline hopes
SO).
63.0. m=22"21 2079 555
X, =X, 6-2
y =Y, =m(x—x])
y—35=2.75(x-2)
y—-35=275-5.5
y =2.75x +29.5

b. m =2.75 means that the average

height of girls increased by 2.75 in.
per year during this time period.
c. y =(2.75x11)+2.95=59.75 in

d. Average height of adult women
= | 59.75x% 100
90

=66.38266.41in
64. 2. m—J2¥: _13.0-11.2

X2 —X] 14—4

=E=O.18
10

y_y] =m(X—x|)
y—11.2=0.18(x_4)
y—11.2=0.18x-0.72
y =0.18x +10.48

b. m =0.18 means that enrollment in

public colleges increased at an
average rate of 0.18 million per yr
(180,000 per yr).

¢. The y-intercept is (0, 10.48) and
means that in the year 1990, there
were approximately 10,480,000

students enrolled in public colleges.



65. a.
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d. y =0.18x +10.48
y =0.18(25)+10.48

=4.5+10.48=14.98
Approximately 14.98 million

Amount of Cholesterol vs. Number of
Calories for Selected Hamburgers
= 160 — s
£
=120 -
5 ®
2 80 o o
2]
E 40 — J
O ®
0 | | | J
0 300 600 900 1200
Calories
b. =2 =Y 90-60
x,—x, 720-480
30
=——=0.125
0

y =y, :m(x—x,)
y =60 =0.125(x —480)
y —60=0.125x - 60
y =0.125x
c(x)=0.125x
¢. m =0.125 means that the amount of
cholesterol increases at an average
rate of 0.125 mg per calorie of
hamburger.
d.  c(x)=0.125x
¢(650)=0.125(650) =81.25 mg

b Y2V _ 35-8.5
x,—x, 620-44
:£~0.046
576

y =y, =m(x—x1)
y —8.5=0.046(x —44)
y —8.5=0.046x —2.024
y =0.046x +6.476
L(x)=0.0.046x +6.48
¢. m =0.046 means that longevity
increases at an average rate of 0.046
yr per 1 day increase in the gestation
or incubation period.
d. L(x)=0.0.046x+6.48
L(80)=0.0.046(80)+6.48

=3.68+6.48~10
Approximately 10 yr.

67. Yes. From the graph, the data appear to
follow a linear trend.

68. Yes. From the graph, the data appear to
follow a linear trend.

69. No. From the graph, the data do not
appear to follow a linear trend.

70. No. From the graph, the data do not
appear to follow a linear trend.

71.a. y =—1.22x +1273

66. a.
Longevity of Selected Animals vs.
Gestation/Incubation Period

40—
= L]
2 30
z °
> 20—
)
=) [ ]
NP R

| | | | | | J

0
0

100 200 300 400 500 600 700
Gestation/Incubation Period (days)

b.
(s -

200

850 1050

¢. y =—(1.22x900)+1273 =175 mph



d. From Exercise 61(c), y =170 mph.
Result of part (c) differ 5 mph from
the result of 61(c).
72.a. y =0.27x +11.1

b L WA L

adly BLEEL T,

e [70x 2% ) 20275 4111
100

70x 29 | Z11.1
U100

- 0.27
=192.22 ~192 days

d. From Exercise 62(d), y =189 days.
Result of part (c) differ 3 days from
the result of 62(d).
73.a. y =2.48x+31.0
b.

-~
-~
-

s y = 248 + 310 |

c. y =(248x11)+31.0=58.28 in

d. Average height of adult women

289

Section 2.5

= 58.28x@
90

=64.75 ~64.81in
e. From Exercise 63(d), y =66.4 in.
Result of part (d) differ 1.6 in from
the result of 63(d).
74.a. y =0.18x +10.4
b.

¢. For the year 2020, x =30.
y =(0.18x30)+10.4 =15.8 million
d. From Exercise 64(d),
y =15.88 million.
Result of part (c) differ 0.08 million
(or 80,000) from the result of 64(d).

75.a. y =0.118x +4.97

b.

MARAL FUT e

el ML O,

120

-
-~ B

y = 0.118x + 4.97 )

0 750

c. y =(0.118x650)+4.97
=81.67~82 mg

76.a. y = 0.046x +6.28
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|

&S0

c. y =(0.046x80)+6.28=9.96 ~ 10 yr

77.m:y2_y1:_1_(_6):i:_§
X, —X 2-4 =2 2

5
=——x+4
YT
To find the x-intercept, solve y = 0.
O:—§x+4
2
de—a
2
X _38 §,0
5 5
- 7—(-5
78.m:y2 yl: ( )222—
x,—x, —4-2 -6
y =y, :m(x—xl)
y —(—5):—2(x—2)
y+5=-"2x+4
y=—2x-1
To find the x-intercept, solve y = 0.
0=-2x-1
2x =—1

79. Use the points (O, 4) and (3, 1 1) .

11-4 _z
X, —X, 3-0 3

Y=y, :m(x_xl)

_Y2 7V

m

|
N
Il

—_~
=
|
)
~—

Yy

|
o
Il
=

y

y =§x+4 orf(x):%x+4

80. Use the points (O, 7) and (—2, 4).

y,=y, 4-7 -3 3
m = = = — = —
x,-x, —2-0 -2 2
y—ylzm(x—xl)
3
-7==(x-0
y=7=2(x-0)
3
—-T==x
YTIEy
3

y :Ex+7 0rg(x)=%x+7

81. Use the points (1, 6) and (—3, 2) .

m=Y2 0 _276 _4_,
x,—x, =3-1 -4

y =y, :m(x—x])

y—6:1(x—1)

y—-6=x-1

y=x+5 orh(x):x+5
82. Use the points (—2,10) and (5,—18).
—18—10:—28:_
5-(-2) 7
y =Y, :m(x—xl)

y=10=—4[x—(-2)]
y—10=—4(x+2)
y—10=-4x -8

y =—4x+2or h(x)=—4x+2

_Ya TV

m

Xy =Xy
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83. If the slopes of the two lines are the m=3c? = 3(_2)2 = 3(4) =12

same and the y-intercepts are different, Y-y, =m ( X— xl)

then the lines are parallel. If the slope y - (_7) _ 12[ y— (_2)]

of one line is the opposite of the y+7=12 (x + 2)

reciprocal of the slope of the other line,

y+7=12x+24
then the lines are perpendicular. y =12x 417
84. The point-slope formula is used to 90. Let ¢ = 2.
construct an equation of a line if a point 1 1
on the line and the slope of the line are (C g ;] (2» Ej
known. 1 1 1
85. Profit is equal to revenue minus cost. = o ( 2)2 T

86. The break-even point is found by

determining where revenue equals cost

1 |
or where profit equals zero. y - 5= ——(x - 2)
-y, 3-(-1 11 1
87.m=y2 yl: ( )=i=1 y——=__x+_
X, =X, 1—(—3) 4 2 4 2
1
=——x+1
_iz_%z_l YT
m
X tx, y+y
y_ylzm(x—x]) 91 M_( T J
y=3=-1(x~-1) 244 947) (2 16 _(1 8)
y-3=-x+l 2 2 ) l202)
y=—x+4 . y,-y, 2.8 105
88, =22 "Y1 3703 x,-x, 5-1 4 2
x,—x, 4-0 4 B
y—y]—m(x—xl)
114 .
m 3 3 y 8= (x-1)
. I
y=y, =m(x-x,) y-8=-2x+3
4 5 21
—3=-—(x-4 y=—Jx+ forl<x<s
y=3=-2(x-4)
3 3
y=—ﬂx+§ —4+12 143 8 4
3 3 23 (4 2)
89. Let ¢ =—2.
3 yl__S 2 _7_ 7
o) R

291
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y =Y, :m(x—x])
7
y—2:—§(x—4)

7
oe-Lyi14
Y 2

y :—zx+16f0r4SxS6

Problem Recognition Exercises: Comparing Graphs of Equations

—10

—10

—10

10

—10

10

\{/

—10

10

J

[

—10

10

10

10

—10

10

—10

5
d___d_#'
=5
10
—-10
—10
S
—5]s & S

10

10



9. 1

/)
-10 _,J'f 10

1

—10

The graphs have the shape of y = x*
with a vertical shift.
10.

~10 10
e

—10

The graphs have the shape of y = ‘x‘
with a vertical shift.

11.
5

—
{_f‘ﬂ'f,-f.a‘f;d

-5

The graphs have the shape of y = \/;
with a horizontal shift.

12.
10

AW |

—10

293

13.

14.

15.

Problem Recognition

The graphs have the shape of y = x’

with a horizontal shift.

10

T v
P

-10 o 10

~

—10

The graph of g (x) = —‘x‘ has the shape
of the graph of y = M but is reflected

across the x-axis.

=5

The graph of g (x) = —\/; has the shape

of the graph of y = \/; but is reflected
across the x-axis.

/

—2

The graphs have the shape of y = x* but

show a vertical shrink or stretch.



Chapter 2 Functions and Relations

16.

. /
—— ﬁx‘\. —
10 __::—:&éf’tf:;:_. 10

—10

The graphs have the shape of y = ‘x‘ but
show a vertical shrink or stretch.
17.

Section 2.6 Transformations of Graphs

. left
. right

. down

. horizontal shrink

1
2
3
4. vertical stretch
5
6. horizontal stretch
7

. vertical shrink

294

18.

15.

The graph of g (x) = \/; has the shape

of the graph of y = \/; but is reflected
across the y-axis.

The graph of g (x) =x/—x has the shape
of the graph of y = Q/; but is reflected

across the y-axis.

The graph of fis the graph of f (x) = |x|
shifted upward 1 unit.

16. The graph of g is the graph of

f (x) = \/; shifted upward 2 units.



Section 2.6

20. The graph of m is the graph of
17. The graph of k is the graph of f (x) =x’ f (x) = |x| shifted to the left 1 unit.

shifted downward 2 units.

21. The graph of r is the graph of f (x)=x"

1 : . .
18. The graph of & is the graph of f (x) =— shifted to the right 4 units.
X

shifted downward 2 units. ¥

X

= ey

22. The graph of 7 is the graph of

x)=R/x shifted to the right 2 units.
19. The graph of g is the graph of f() \/_ SRea 1o the Tight < thits

f(x)=+/x shifted to the left 5 units.
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23. The graph of a is the graph of 1
26. The graph of d is the graph of f (x) =—
f(x)=+/x shifted to the left 1 unit and x

) shifted to the left 4 units and downward
downward 3 units.

1 unit.

24. The graph of b is the graph of f (x) = |x| 27. The graph of m is the graph of
shifted to the right 2 units and upward 4 f (x ) =3/x stretched vertically by a
units. factor of 4.

RN
25. The graph of c is the graph of f ( )—l
» L SHaph O ¢ 1S The graph ot JAX )= X 28. The graph of n is the graph of f (x) = |x|
shifted to the right 3 units and upward 1 stretched vertically by a factor of 3.

unit.

296



29. The graph of r is the graph of f (x) =x’

shrunk vertically by a factor of

30. The graph of # is the graph of f (x) = |x|

shrunk vertically by a factor of 3

Section 2.6

The graph of p is the graph of

f (x) = |x| stretched vertically by a

factor of 2.

v
y x) =|2x
8| p( -‘): A '5|

...............

.......................

32. q(x)=v2x =124k

The graph of ¢ is the graph of
f (x) = \/; stretched vertically by a
factor of \/5 .

33. The graph of the function is the graph of

f (x) shrunk vertically by a factor of % .
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34. The graph of the function is the graph of

g (x) shrunk vertically by a factor of

37. The graph of the function is the graph of
f (x) shrunk horizontally by a factor of
1

38. The graph of the function is the graph of
35. The graph of the function is the graph of g ( x) shrunk horizontally by a factor of
f (x) stretched vertically by a factor of 7
3

v
v

39. The graph of the function is the graph of
36. The graph of the function is the graph of 7 ( x) stretched horizontally by a factor
g (x) stretched vertically by a factor of 1
2 Of 5 .
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; — — X
~12-10-8 -6 -4 -2 2 4 6 81012

40. The graph of the function is the graph of
g (x) stretched horizontally by a factor

1
41. The graph of f'is the graph of f (x) =—
X

reflected across the x-axis.

42. The graph of g is the graph of

f (x) = \/; reflected across the x-axis.

299

Section 2.6

43. The graph of h is the graph of f (x)=x’

reflected across the x-axis.

44. The graph of k is the graph of f (x) = |x|

reflected across the x-axis.

45. The graph of p is the graph of f (x) =x’

reflected across the y-axis.
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46. The graph of ¢ is the graph of 49. The graph of the function is the graph of

f (x) = 3/; reflected across the y-axis. f (x) reflected across the x-axis.

47. The graph of the function is the graph of 50. The graph of the function is the graph of

f (x) reflected across the y-axis. g (x) reflected across the x-axis.

48. The graph of the function is the graph of 51. The graph of the function is the graph of

g (x) reflected across the y-axis. f (x) reflected across the y-axis.
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52. The graph of the function is the graph of

g (x) reflected across the y-axis.

53. The graph of the function is the graph of

f (x) reflected across the x-axis.

54. The graph of the function is the graph of

g (x) reflected across the x-axis.

301

5S.

56.

57.

58.

59

60.

Section 2.6

Parent function: f (x) = l ; Shift the
X

graph of f to the left 1 unit, stretch the
graph vertically by a factor of 3, and
shift the graph downward by 2 units.

Parent function: f (x) = l ; Shift the
X

graph of fto the right 4 unit, stretch the
graph vertically by a factor of 5, and
shift the graph upward by 1 units.

Parent function: f (x) =x?; Shift the
graph of fto the right 2.1 units, shrink

1
the graph vertically by a factor of 3’

and shift the graph upward by 7.9 units.

Parent function: f (x) = \/; : Shift the
graph of fto the left 4.3 unit, shrink the

1
graph vertically by a factor of 5 and

shift the graph downward by 8.4 units.

. Parent function: f (x) = \/; : Shift the

graph of fto the left 5 unit, shrink the

1
graph horizontally by a factor of 5

stretch the graph vertically by a factor of
2, and reflect the graph across the y-axis.
; Shift the
graph of fto the right 4 unit, stretch the

Parent function: f (x) = |x
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61.

62.

63.

64.

graph horizontally by a factor of 2,
stretch the graph vertically by a factor of

3, and reflect the graph across the y-axis.

Parent function: f (x) = \/; : Stretch the
graph f horizontally by a factor of 3,
reflect the graph across the x-axis, and
shift the graph downward by 6 units.

Parent function: f (x) = |x - Shrink the

graph f horizontally by a factor of % ,

reflect the graph across the x-axis, and

shift the graph upward by 8 units.
The graph of v is the graph of f (x) =x’

shifted to the left 2 units, reflected across

the x-axis, and shifted upward 1 unit.

The graph of u is the graph of f (x)=x"
shifted to the right 1 unit, reflected

across the x-axis, and shifted downward

2 units.
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65. The graph of fis the graph of

f(xx)=+/x shifted to the left 3 units,
stretched vertically by a factor of 2, and

shifted downward 1 unit.

66. The graph of g is the graph of

f(x)=+x shifted to the right 1 unit,
stretched vertically by a factor of 2, and
shifted upward 3 units.

67. The graph of p is the graph of f (x) = |x|

shifted to the right 1 unit, shrunk

1
vertically by a factor of 5 and shifted

downward 2 units.



68. The graph of ¢ is the graph of f (x) = |x|
shifted to the left 2 units, shrunk

1
vertically by a factor of 3’ and shifted

downward 1 unit.

69. The graph of r is the graph of
f (x) = \/; reflected across the y-axis,

reflected across the x-axis, and shifted

upward 1 unit.

303

70. The graph of s is the graph of

reflected across the

Section 2.6

f(x):\/;

y-axis, reflected

across the x-axis, and shifted downward

2 units.

71 f(x)=-x+3=~(x-3)

The graph of fis the graph of

f (x) = \/; reflected across the y-axis
and shifted right 3 units.

72.g(x)=JT=\/m

The graph of g is the graph of

f (x) = \/; reflected across the y-axis
and shifted to the left 4 units.
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73. The graph of n is the graph of
f (x) = |x| stretch horizontally by a

< . )
factor of 2, shifted to the right 3 units, 75. The graph of fis the graph of (x) =

and reflected across x-axis shifted to the right 3 units, shrunk

1
vertically by a factor of > reflected

5 : . across x-axis, and shifted upward by 8

units.

74. The graph of m is the graph of

f (x) = |x| stretch horizontally by a
factor of 3, shifted to the left 1 unit, and

reflected across x-axis.
76. The graph of g is the graph of f (x) =x’
shifted to the left 2 units, shrunk

1
vertically by a factor of 3’ reflected

across x-axis, and shifted upward by 3

units.
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77. The graph p is the graph of f (x) = |x|
shifted to the left 2 units, stretch
vertically by a factor of 4, reflected
across x-axis, and shifted downward by
1 unit.

78. The graph q is the graph of f (x) = |x|
shifted to the right 1 unit, stretch
vertically by a factor of 2, reflected
across x-axis, and shifted upward by 4

units.
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79. The graph of the function is the graph of
f (x) shifted to the right 1 unit, reflected

across the x-axis, and shifted upward 2

units.

80. The graph of the function is the graph of
f (x) shifted to the left 1 unit, reflected
across the x-axis, and shifted downward

2 units.
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81. The graph of the function is the graph of
f (x) shifted to the right 2 units,
stretched vertically by a factor of 2, and

shifted downward 3 units.

by =20 —2) -3

A s
1 23456

82. The graph of the function is the graph of
f (x) shifted to the left 2 units,
stretched vertically by a factor of 2, and

shifted downward 4 units.

83. The graph of the function is the graph of
f (x) shrunk horizontally by a factor of
2, stretched vertically by a factor of 3,

and reflected across the x-axis.
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84. The graph of the function is the graph of
f (x) stretched horizontally by a factor

1
of 5 shrunk vertically by a factor of

1 )
5 , and reflected across the x-axis.

85. The graph of the function is the graph of
f (x) reflected across the y-axis and

shifted downward 2 units.




86.

87.

88.

89.

90.
91.

92

The graph of the function is the graph of

f (x) reflected across the y-axis and

shifted upward 3 units.

y = (—x +4.5)3 +2.1

y = —3/%)6 +1

y=—z—3
X

y = |—3x —3.7|

As written, g (x)=|2x| is in the form
g(x) :f(ax) with a>1. This
indicates a horizontal shrink. However,
g (x) can also be written as
g (x) = |2| |x| = 2|x| . This is written in
the form g (x) =daf (x) with a>1. This

represents a vertical stretch.

1
. As written, h (x) =, fax is in the form

h(x)=f (ax) with 0<a<1. This
indicates a horizontal stretch. However,

h (x)can also be written as

h (x) = \/;\/; This is written in the

form h(x):af(x) with O<a<1. This

represents a vertical shrink.
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93.

9.

9s.

96.

97.

98.

99.

Section 2.6

The graph of fis the same as the graph
of y y =x with a horizontal shift to the
right 2 units and a vertical shift
downward 3 units. By contrast, the graph
of g is the graph of y = |x| with a
horizontal shift to the right 3 units and a

vertical shift downward 2 units.

can also be

The equation g (x) = N
—X

written as g (x) = ! =— !

~(x=1)

Written in this alternate form, we see

x—1

that shifting f one unit to the right and
reflecting over the x-axis produces the
same graph.

The graph is f (x)=x" shifted to the

right 2 units and downward 3 units.
() =(x-2)' -3

The graph is f (x)=|x| shifted to the left

3 units and downward 4 units.

f(x) =|x +3|—4
The graph is f (x)= L shifted to the left
X
3 units.
flx)=—
Cx+3

The graph is f (x) = \/; shifted
downward 2 units.

f(x)=vx -2
The graph is f (x) =x" reflected across

the x-axis and shifted upward 1 unit.

f(x):—x3+1

100. The graph is f (x)=x" shifted left 2

units and reflected across the x-axis.
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/()= (e+2)
101. y =22 +1
102. y =3r +6
103. a.

b. 10

A
ﬂ(-i

—10

c. The general shape of y =x" is
similar to the graph of y =x* for
even values of n greater than 1.

d. The general shape of y =x" is
similar to the graph of y =x" for

odd values of n greater than 1.

Section 2.7 Analyzing Graphs of Functions and Piecewise-Defined Functions

1.y
2. x

3. origin
4. y -axis
5. origin

6. [[X]] or int(x) or floor(x)

7.y=x"43
Replace x by —x.
y :(—x)2+3
y=x"+3

This equation is equivalent to the original
equation, so the graph is symmetric with
respect to the y-axis.

Replace yby —y .

—y =x>+3

y=-—x"-3
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This equation is not equivalent to the
original equation, so the graph is not
symmetric with respect to the x-axis.

Replace x by —x and yby —y .

-y :(—x)2+3
—y =x"-3
y=-x"-3

This equation is not equivalent to the
original equation, so the graph is not

symmetric with respect to the origin.

.y :—‘x‘—4
Replace x by —x.
y =—|a] -4
y :—‘x‘—4

This equation is equivalent to the original

equation, so the graph is symmetric with



respect to the y-axis.
Replace y by —y .
-y = —‘x‘ -4

y = M +4
This equation is not equivalent to the
original equation, so the graph is not
symmetric with respect to the x-axis.

Replace x by —x and y by —y .

-y :—|—x|—4
-y =—|x|—4
y :|x|+4

This equation is not equivalent to the
original equation, so the graph is not

symmetric with respect to the origin.

. X :—‘y‘—4
Replace x by —x .
-

x:‘y‘+4

This equation is not equivalent to the
original equation, so the graph is not
symmetric with respect to the y-axis.
Replace y by —y .

X = —|—y | -4

X = —| y | -4

This equation is equivalent to the original
equation, so the graph is symmetric with
respect to the x-axis.

Replace x by —x and y by —y .

x:—‘y‘—4
=l
x=|y|+4

This equation is not equivalent to the
original equation, so the graph is not

symmetric with respect to the origin.
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10. x=y° +3

11.

Replace x by —x .
—x=y"43

x=-y>-3
This equation is not equivalent to the
original equation, so the graph is not
symmetric with respect to the y-axis.
Replace y by —y .
X = (—y )2 +3
x=y"+3
This equation is equivalent to the
original equation, so the graph is
symmetric with respect to the x-axis.

Replace x by —x and y by —y .

—x:(—y)2+3
—x=y>+3
x:—y2—3

This equation is not equivalent to the
original equation, so the graph is not
symmetric with respect to the origin.
x*+yr=3
Replace x by —x .
(—x )2 +y’=3

x*+y?=3
This equation is equivalent to the
original equation, so the graph is
symmetric with respect to the y-axis.
Replace y by —y .
x4 (-y )2 =3

x*+y*=3
This equation is equivalent to the
original equation, so the graph is
symmetric with respect to the x-axis.

Replace x by —x and y by —y .
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12.

13.

() () =3
x*+y*=3

This equation is equivalent to the
original equation, so the graph is
symmetric with respect to the origin.
x| +v]=4
Replace x by —x .
[+ ly|=4

e[ +v]=4
This equation is equivalent to the
original equation, so the graph is
symmetric with respect to the y-axis.
Replace y by —y .
o=

| -4
This equation is equivalent to the
original equation, so the graph is
symmetric with respect to the x-axis.
Replace x by —x and y by —y .
|| -4

e[ +lv|=4

This equation is equivalent to the
original equation, so the graph is
symmetric with respect to the origin.
y = |x| +2x+7
Replace x by —x.
y = |—x|+2(—x)+7
y = |x| —2x+7
This equation is not equivalent to the
original equation, so the graph is not
symmetric with respect to the y-axis.
Replace y by —y .
-y = |x| +2x+7

y =—|x|—2x—7
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14.

15.

This equation is not equivalent to the
original equation, so the graph is not
symmetric with respect to the x-axis.
Replace x by —x and y by —y .
-y = ‘—x‘ +2(—x)+ 7
-y = |x| —-2x+7

y=- |x| +2x -7
This equation is not equivalent to the
original equation, so the graph is not
symmetric with respect to the origin.
y =x>+6x+1
Replace x by —x.
y :(—x)2 +6(—x)+1
y=x>—6x+1
This equation is not equivalent to the
original equation, so the graph is not
symmetric with respect to the y-axis.
Replace y by —y .
—y =x’+6x +1

y=-x"-6x-1
This equation is not equivalent to the
original equation, so the graph is not
symmetric with respect to the x-axis.
Replace x by —x and y by —y .
-y = (—x)2 +6(—x)+1
—y =x"—6x+1

y=-x+6x—1
This equation is not equivalent to the
original equation, so the graph is not
symmetric with respect to the origin.
x*=5+y’
Replace x by —x.
(—x )2 =5+y°’

x*=5+y°



16.

This equation is equivalent to the

original equation, so the graph is

symmetric with respect to the y-axis.

Replace y by —y .

x’ :5+(—y)
x? =5+y2

2

This equation is equivalent to the

original equation, so the graph is

symmetric with respect to the x-axis.

Replace x by —x and y by —y .
() =5+

x*=5+y°
This equation is equivalent to the

original equation, so the graph is

symmetric with respect to the origin.

y*=24+x’

Replace x by —x.

yt=2+ (—x )2

y f=24x?

This equation is equivalent to the

original equation, so the graph is

symmetric with respect to the y-axis.

Replace y by —y .
(—y )4 =2+x’
yt=2+x7
This equation is equivalent to the

original equation, so the graph is

symmetric with respect to the x-axis.

Replace x by —x and y by —y .
4 2
() =2+()
yt=2+x"
This equation is equivalent to the

original equation, so the graph is

symmetric with respect to the origin.

Section 2.7

1
17. y =—x-3
Y 2
Replace x by —x.
1
=—(—x)-3
y=7(=)
1
=——x-3
YT

This equation is not equivalent to the
original equation, so the graph is not
symmetric with respect to the y-axis.
Replace y by —y .
1
-y =—x-3
Y72

1
=——x+3
Y 2

This equation is not equivalent to the
original equation, so the graph is not
symmetric with respect to the x-axis.

Replace x by —x and y by —y .

1
-y —E(—x)—3
-y :—%X—S
y :%x +3

This equation is not equivalent to the
original equation, so the graph is not

symmetric with respect to the origin.

2
y=—x+1
Y7
Replace x by —x.
2
=—(—x)+1
y=5(=)
2
=——x+1
YT

This equation is not equivalent to the
original equation, so the graph is not
symmetric with respect to the y-axis.

Replace y by —y .
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19.
20.
21.

22,

23.

24.

25.

2

-y =—x+1
Y73
2

_ 21
Y=

This equation is not equivalent to the
original equation, so the graph is not
symmetric with respect to the x-axis.

Replace x by —x and y by —y .

2
-y 25(—x)+1
-y =—%x+1
y zgx—l

This equation is not equivalent to the

original equation, so the graph is not
symmetric with respect to the origin.

y-axis symmetry

Origin symmetry

The function is symmetric to the origin.

Therefore, the function is an odd

function.

The function is symmetric to the origin.

Therefore, the function is an odd

function.

The function is symmetric to the y-axis.

Therefore, the function is an even

function.

The function is symmetric to the y-axis.

Therefore, the function is an even

function.

The function is not symmetric with
respect to either the y-axis or the origin.
Therefore, the function is neither even

nor odd.
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26.

27.

28.

29.

The function is not symmetric with
respect to either the y-axis or the origin.
Therefore, the function is neither even

nor odd.

a. f(x):4x2—3|x|
f(—x)=4(—x)2—3|—x|=4x2—3|x|

b. Yes

c. Even

a. g(x):—x3+|3x|
g (=) ==(=x) + ()| = =" +[3+

b. Yes

c. Odd

a. h(x)=4x>-2x
h(—x)=4(—x)3—2(—x)=—4x3+2x

b. —h(x)=—(4x’ =2x) = —4x’ +2x

c. Yes
d. Odd
30.a. k(x)=-8x"—6x’
k(—x)=-8(-x) ~6(x)
=8x +6x°

31.

b. -k (x) z—(—8x5 —6x3):8x5 +6x°
. Yes
d. Odd

()

a. m(x):4x2+2x—3
m(—x):4(—x)2+2(—x)—3

=4x*>-2x-3

b. —m (x)=—(4x" +2x -3)
=—4x>-2x+3

¢. No

d. No

e. Neither



32.

33.

34.

3s.

36.

a. n(x):7‘x‘+3x—1
n(—x)=7|—x|+3(—x)—l
=7|x|—3x—1
b. —n(x)=—(7‘x‘+3x—1)
=—7|x|-3x +1
¢. No
d. No
e. Neither
f(x):3x6+2x2+|x|
f (=) =3(=x)" +2(=x) +
f(—x):3x6+2x2+|x|
f(=x)=7 (x)
The function is even.
p(x):—|x|+12x'0+5
p(—x):—|—x|+12(—x)m+5
p(—x):—|x|+12x]°+5
p(=x)=r(x)
The function is even.
k(x)=13x"+12x
k(-x)=13(-x) +12(~x)
k(—x)=-13x"-12x
—k (x)=—(13x +12x ) =—13x" —12x
k(—x):—k (x)
The function is odd.
m(x)=—4x5+2x3+x
m(—x)=—4(—x)5+2(—x)3+(—x)
m(—x)=4x5—2x3—x
—m(x):—(—4x5+2x3+x)
=4x° —2x —x
m(—x)=-m (x)

The function is odd.
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38.

39.

40.

41.

42.

Section 2.7

r(—x): 81—(—x+2)2
—r(x)z—,[Sl—(x+2)2
r(—x)=r(x)
r(-x)=-r(x)

The function is neither even nor odd.
q(x) =16+x’

q(—x) = w,16+(—x)2 =y16+x’

q(=x)=a()

The function is even.
z(x)=+49+x’

z (—x) = 49+(—x)2 =49+ x?

(-0)=z(x)

The function is even.

B

1}

The function is odd.

g(x):—x

The function is odd.
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4. ¢

45.

46.

(=)
2(—x 1)

3

8(=)= 2(xx+1)3

g(x)=5(x)

The function is neither even nor odd.

v(x)= |x_|)-c:2
(N

X5
v(=)= [[+2
v (~x) = (x)
The function is odd.
=
() -

X
3
—/—x

(:x)2 +1
v (—x): xz/il
w (=) =w (x)

The function is odd.

w(-x)=

47. a. Use the second rule.

£(3)=(3) +3=9+3=12
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48.

49.

50.

S1.

b. Use the first rule.
f(-2)=-3(-2)+7=6+7=13

c. Use the second rule.
f(-1)=(-1) +3=1+3=4

d. Use the third rule. f (4) =

. Use the third rule. f (5) =5

a. Use the first rule.
g(-3)=-2]-3-3=-6-3=-9

b. Use the third rule. g (3) =4

c. Use the first rule.
g(-2)=-2]-2/-3=-4-3=-7

d. Use the second rule.

g(0)=5(0)+6=0+6=6
. Use the third rule. g(4)

(¢

o

=4
a. Use the second rule. h(-1.7)=1
b. Use the first rule. h(-2.5)=2
c. Use the second rule. /(0.05)=—1
d. Use the fourth rule. h( 2) =
. Use the second rule. h(O) -1
a. Use the second rule.
1(1.99)=2(1.99)=3.98
b. Use the first rule. ¢ (0.4) =04
c. Use the third rule. 7(3)=3(3)=9
d. Use the first rule. 7(1) =1
. Use the fourth rule.
1(3.001) =4(3.001) =12.004

(¢

(¢

Use the first rule to find the speed of the

sled after 10 sec:
s(10) =1.5x10=15 ft/sec

Use the first rule to find the speed of the

sled after 20 sec:
s (20) =1.5x20 = 30 ft/sec



Use the second rule to find the speed of
the sled after 30 sec:

s(30): 30 =2.7 ft/sec
30-19

Use the second rule to find the speed of
the sled after 40 sec:

s(40): 30 =1.4 ft/sec
40-19

52. Use the first rule to find the speed of the

car 6 sec after the car begins motion:
5
5(6)=-—=6" =15 mph
(6)=13 p

Use the first rule to find the speed of the

car 12 sec after the car begins motion:
5
s(12)=—12" =60 mph
(12)=15 p

Use the second rule to find the speed of
the car 45 sec after the car begins
motion:

5(45) =60 mph

Use the third rule to find the speed of the

car 80 sec after the car begins motion:

5(80)= 2—30(92—80)2 =21.6 mph

S3.c
54.a
55.d
56.b
57. a.
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58. a.

Section 2.7
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=

60. a.

>

C.

59. a.
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84.

86. L

87. S

88. C

89.

90.

91.

92.

93.

94.

N Ay | EEE N Yo iR
y = h(x) 2| @Q:-
ehinid: @O
~5=4=32-1 392 3 4
o @O
..O’l, ........................
@04
@0 -5
60—2x for0<x <14
32+25 —14) for 14 <x <19
2000 for2<x<3
2000 +0. 05 x 40000) for3<x <3.5
63.97 for 0 < x <600
C(x)= 63.97+0.40 (x —600)for x > 600
a. (2,00)
b. ( 3, 2)
c.( 2,2)
(-0
b. (0,1)
C. (1,4)
()

b. Never decreasing

c. Never constant

o o)

b. Never decreasing

c. Never constant
a. (1, oo)
b. (—oo, 1)

c. Never constant

a. (—oo,—l)
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0.44 forO<x<l1
0.61 forl<x<?2

85. C(x)=1078 for 2< x<3
0.95 for3<x<3.5
b. (—l,oo)

¢. Never constant
95. a. (—oo, - 2) ) (2, oo)

b. Never decreasing

c. (-2.2)

96. a. Never increasing
+ (0, 0) L (2, 0)
c. (0, 2)

97. At x =1, the function has a relative

=3

minimum of —3.

98. At x =—1, the function has a relative
maximum of 2.

99. At x=-2, the function has a relative
minimum of 0. At Xx=0, the function has
a relative maximum of 2. At Xx=2, the
function has a relative minimum of 0.

100. At x=-2, the function has a relative

maximum of 3. At x=0, the function
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has a relative minimum of 1. At x=2,
the function has a relative maximum of
3.

101. At x=-2, the function has a relative
minimum of —4. At x =0, the function
has a relative maximum of 0. At x=2 ,
the function has a relative minimum of
-4 .

102. At x=-3, the function has a relative
maximum of 5. At x=0, the function
has a relative minimum of 0. At x=3 ,
the function has a relative maximum of
5.

103. a. (8,12) and (18,20)

b. (0,8) and (12,18)

¢. The function has relative minima of 3
ft and 3.5 ft at approximately 8 days
and 18 days after recording began.
The function has a relative maximum
of 4.5 ft at a time 12 days after
recording began.

d. The weather was dry on the intervals
of decreasing depth and water from
the pond evaporated. The weather
was rainy during intervals of
increasing depth.

104. a. (0,20) and (30,50)

b. (20,30) and (50,70)

¢. The function has relative maxima of
50 m and 90 m at approximately 20
sec and 50 sec into the ride. The
function has a relative minimum of

40 m at a time 30 sec into the ride.
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105.

106.

107.

108.

109.

111.

-2 forx <1
FE)=13 forxs

4 forx<-2
f(x):{l for x > -2

B —|x| forx <2

f(x)_{—z for x >2

x? forx<?2
f(x)={4 for x > 2

1
f(x)—{; forx <0

x forx>0

—X forx <O
f(x): \/;+1 forx >0
a. ¥

g. Increasing: (—00,0) ) (1,00) "



Decreasing: (O, 1) ;

Never constant

112. a.

b (—oo,oo)
¢. (—00,—2]U[0,0)
d. f(-1)=|]-1]=1
F(1)=1=1
f(2)=-2
e f(x):6
[x|=6
x=-6
f f(x)=—3
—x=-3
=3

g. Increasing: (O, 2) ;
Decreasing: (—oo,O) v (2, OO)
Never constant
113.a.2
b. —4
c. 4
d.3
e. 3
f.4
114.a.5
b. -1
c. 2
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d. 6
e. 0
f. 2

115. If replacing y by —y in the equation
results in an equivalent equation, then
the graph is symmetric with respect to
the x-axis. If replacing x by —x in the
equation results in an equivalent
equation, then the graph is symmetric
with respect to the y-axis. If replacing
both x by —x and y by —y results in
an equivalent equation, then the graph
is symmetric with respect to the origin.

116. If the graph is symmetric with respect
to the y-axis, then the function is even.
If the graph is symmetric with respect
to the origin, then the function is odd.

117. At x =1, there are two different y
values. The relation contains the
ordered pairs (1, 2) and (1, 3).

118. The two rules defining f (x) are stated
for x <1 and for x >1. The function is
not defined at x =1. Therefore, there is
a “hole” in the function at the point
(13).

119. A relative maximum of a function is
the greatest function value relative to
other points on the function nearby.

120. A function is increasing on an interval /
if forall x, <x, on/, f(x])<f(x2).
In other words, the function “rises”
from left to right over the interval.

121. If the average rate of change is negative

and then positive, the function is
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122. If the average rate of change is positive

decreasing and then increasing. 123. a. Concave down
Therefore it must have a relative b. Decreasing
minimum at a. 124. a. Concave up

b. Increasing

and then negative, the function is 125. a. Concave up

increasing and then decreasing. b. Decreasing

Therefore it must have a relative 126. a. Concave down

maximum at a. .
b. Increasing

0.1x if 1<x <8925

127. f (x)=1892.50+0.15(x —8925) if 8925<x <36,250

128.

129.

4991.25+0.25 (x - 36, 250) if 36,250<x < 87,850

Or
0.1x if 1<x <8925
f(x)=10.15x —446.25 if 8925<x <36,250
0.25x4071.25 if 36,250<x < 87,850
10
Flokl Flotz Flokz:
xv1acﬂ SH+Z 20K HH
xgaa(xc H—12, 0Ky = = 10
Ky =
MYE= ~10
10
130.
{} Flokl mtz Flok:
'/ WWAEC 2L FR-4. 10
-10 10 RETyy e
WEEE SHOTHZHES S
CHE-1 0 RIE)
SEECT A CHERD
wMy=
—-10 “Me=
Flokl Flokz Flokz 10
E?1Ei s BRSPS
s - [l T P A4
(H=~23
M= -10 . 10
“Ny=
~He=

—10
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131. Flotl Flotz Flat: b. Increasing on (3.750,00);
3%;5(2.5H+8)a’<>€< ‘
“E SB¢ 2Rz Decreasing on (—oo,3.750)
}jﬁggg{éﬁ%ﬁzz) 134. a. Relative maximum of 7.824 at
This x =23.390;
Relative minimum of —7.936 at
1 x =0.590
WITAL L) SR LA BARSAN 11
~10 /"f ’I.’ﬁ"-. 10
_10 8% llf'lIE‘f‘I'lll 4
_].'[H I IIE | 10
132. a. Relative maximum of 4.667 at | 'E._."
, -10 *
x:1667 :Il.'- -‘-:-. S LN LR
WipaL LG ARID Bim. meiiE 0L AL P UM BUE R BARIAN 11 ]
L REE AT R
10 5
......... Ii.E aa :'.i. -
1o L Y10
i > | I'I
[ T T ] I_l':l ] II

b. Increasing on (—oo,1.667) ;
Decreasing on (1.667,00)

133. a. Relative maximum of —7.825 at

x =3.750

wi=il LU BT BLAL Baplan 4]
s FLEIEn

........ .l.,i S —
~10 B 10
-
t:.'.'l'llql'-._l'--‘| n ]
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b. Increasing on
(—00,-3.390) 1 (0.590,0)
Decreasing on (—3.390,0.590)
135. a. Relative maximum of 3.726 at
x =0.667;
Relative minimum of —2.625 at

x =—2.500

ORHAL FLOAT AUTO REAL EADIAM CL .
ALC HARIHUH
‘r'j.:'."l?‘;“3—l.lK12{}2Hf3

-10 10

¥=3.72Eo2E9

ORMAL FLOAT AUTO REAL RADIAM CL
ALC HINIHUH
‘HL:'.HK“3—1.1K]2E]ZH+3

—10

- -10 \‘

Hinifum
RE"Z.500003 YeLe2th

10

b. Increasing on (—2.500,0.667 )
Decreasing on
(—00,2.500)(0.667,00)

Section 2.8 Algebra of Functions and Function Composition

i

N f(x+h2—f(x)

4.1 (2(+))

5. (f +g)(x):‘x‘+3; Graph d

6. (f +g)(x)= x‘+(—4):‘x‘—4; Graph b

7. (f +g)(x)=x>+(-4)=x"—4;Grapha

8. (f +g)(x)=x2+3;GraphC

9.(r-8)(3)=r (3)-5(3)
=-2(3)-[3+4|
=—6-7=-13

10. (g -1)(2)=5(2)-(2)
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14. (£ +h)(5)=£ (5)+h(5)

=—2(5)+ﬁ
:—10+l:_%
f(8) -2(8) -
> g (S)ZgES;_|8+(4f: 1126__%
1 1
h Y —
o (7)o 2
17. % (0):%
|O+4|

Undefined

19. (r—p)(x)=r(x) - (x)
=—3x—(x2 +3x)
=3x—x?=3x=—x"—6x

The domain of r is (—oo, oo) .

The domain of p is (—oo, oo) .

The intersection of their domains is
)

20 (p=1)(x) = (x) (s
=(x2+3x)—(—3x)
=x>+3x+3x =x’ +6x

The domain of p is (—oo, oo) .

The domain of r is (—oo, oo) .

The intersection of their domains is
().

21, (pq)(x)=p(x) ax)
=(x2+3x)- 1—x
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23.
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1-x2>20
-x>-1
x <1

The domain of p is (—oo, oo) .
The domain of g is (—oo, 1] .
The intersection of their domains is
(—oo, 1} .

(r.q)(x) = r(x) -q(x) =-3x1-x
The domain of r is (—oo, oo) .
The domain of g is (—oo, 1] .

The intersection of their domains is

(—o1].

B

The domain of g is (—oo, 1] .
The domain of p is (—oo, oo) .
The intersection of their domains is
(1]

x*+3x =0
X (x + 3) =0

x=0 or x=-3

Also exclude the values x =0 and
x =-3, which make the denominator

ZCro.

The domain is
(—oo, —3)u(—3, o)u(o,

_a(x) _1-x

B —3x

p—

]-

TN
SN IR
N
—
=
N—
|
RIS
—~
=
N—

The domain of g is (—oo, 1] .

The domain of r is (—00, 00) .
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The intersection of their domains is
(—oo, 1} .
—-3x =0
x=0
Also exclude the value x =0, which

makes the denominator zero.
The domain is (—oo, 0) U ((), 1} .
p (X ) X743

2. (S](x):q(x) e

The domain of p is (—oo, oo) .

The domain of g is (—oo, 1] .

The intersection of their domains is
(—oo, l] .

Also exclude the value x =1, which

makes the denominator zero.

The domain is (—oo, 1) .

26. Gj(x):;g; _

The domain of r is (—oo, oo) .

—3x

1-x

The domain of g is (—oo, 1] .

The intersection of their domains is
(—oo, 1] .

Also exclude the value x =1, which

makes the denominator zero.

The domain is (—oo, 1) .

27. (s0)(x)=5(x) (1)

_x=2 .x—3
x?=9 2—x
-1
x+3

The domain of s is
(—o0,=3)U(-3,3)U(3,).
The domain of 7 is (—oo,2)u(2,oo) .
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28. | -

29.

30.

31.

The intersection of their domain is
(—o0,—3) U (-3,2) U (2.3)U(3,»)
by

(x - 3)2 (x + 3)
The domain of s is
(—o0,—3)U(-3,3) U(3,).
The domain of ¢ is (—oo,2)u(2,oo) .
The intersection of their domain is
(—o0,-3) U (-3,2)U(2.3) U (3.x).
(s+0)(x) =s(x)+1(x)

B x’—4x*-5x+23

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

The domain of s is
(—o0,—3)U(-3.3) U(3,).
The domain of ¢ is (—oo,2)u(2,oo) .
The intersection of their domain is
(—o0,-3) U (-3,2) U (2.3) U (3.x).
(s=1)(x)=s(x)=t(x)
x®—2x*—13x +31
(x+3)(x-3)(x-2)
The domain of s is
(—o0,—3)U(-3.3) U(3,).
The domain of ¢ is (—oo,2)u(2,oo) .
The intersection of their domain is
(—o0,=3) U(-3,2)U(2.3) U(3,).

SV XZSX'VX:M
()0 =2(0) v ()=

The domain of s is

(—o00,=3) U(=3,3)U(3,).

The domain of v is [—3,0) .

The intersection of their domain is
(-3.3)u(3.).
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3. [KJ(X)ZV(x):x/x+3(x+3)(x—3) 2k dx  dh— (6} + 4 )
s s(x) x—2 h
The domain of s is :x2+2x}l+h2+‘;lx+4h—x2—4x
(o0, =3) W (=3.3)w(3,0). 2xh+ 1 +4h
The domain of v is [-3,00). =#=2x+h+4
Also exclude the value x =2, which 36. a. f(x+h)=(x+h)2 —3(x+h)
makes the denominator zero. R
The intersection of their domain is f(x+ h)—f (x)
(-3.2)U(2.3)U(3,). b. P
33.a. f(x+h)=5(x+h)+9="5x+5n+9 x? +2xh+ b’ =3x =3h - (x> - 3x)
fx+h)=f(x - h
b. ( 2 x) _ x4+ 2xh+h’ —3x—3h—x"+3x
5x+5h+9—(5x +9) h
= p _2xhA T =3h g
_5x+5h+9-5x—9 _Sh_ h
} i T 37 [xth) =7 (x)
3M.a. f(x+h)=8(x+h)+4=8x+8h+4 h
~2(x+h)+5—(-2x+5)
e () -2t
2x —2h+5+2x-5 -2h
_8x+8h+4 (8x+4) = - -— =-2
- ; .
_8x+8h+d-8v—4 8h 3, [0 2 f(x)
) " o —3(x+h)+8—(-3x+8)
35.a. f (x+h)=(x+h) +4(x+h) = ;
=x’>+2xh+h>+4x +4h _—3x—3h+8+3x—8_—3h__3
fx+h)=f(x) ) n T

b.

h
f(x+h)=f (x) =S(x+h) —4(x+h)+2-(-5c"~4x+2)
h h
—5(x2+2xh+h2)—4x—4h+2+5x2+4x—2
h
:—5x2—10xh—5h2—4x—4h+2+5x2+4x—2
h

39.

_ —10xh—5h*> —4h

h
=-10x —-5h -4
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40.

41.

42.

43.

Fxh)—f(x) —4(x+h) =2(x+h)+6—(-4x" ~2x +6)

h h
—4(x2+2xh+h2)—2x—2h+6+4x2+2x—6
B h
:—4x2—8xh—4h2—2x—2h+6+4x2+2x—6
h
:—8xh—2h2—2h:_8x_4h_2
f(x+h)=f (x) L]
h _X+h+2 x+42
h
_(X+h)3+5—(x3+5) X+2 _ x+h+2
B h (x+2)(x+h+2) (x+2)(x+h+2)
:)c3+3xzh+3)ch2+h3—x3 - h
12 120 }f’z x+2-x—-h-2
f(x_+;;)_+f (xx)+ _ (x+2)(x+h+2)
h
h —h
(x+h) -2-(x"-2) r2)(arhe2)
B h - h
_)c3+3)czh+3)ch2+h3—x3 _ 1
B h (x+2)(x+h+2)
A2 2
=3x"+3xh+h . 45, o TOCEN) = T(x) aUxrh-ayx
flx+h)—f(x - h h
el y i
X B x+h ) 1
x(x+h) x(x+h) ~1.6569
> - 4\/1+0.1—4\/I:4\/1._1—4
0.1 0.1
_x=(x+h) ~1.9524
__x(xeh) 41400141 441014
h 0.01 T 001
__h ~1.9950
_ x(x+h) 41+0.001-441 _ 44/1.001 -4
h 0.001 ~0.001
1 ~1.9995
x(x+h) c. 2
f(x+h)—f(x) 12 12
h 46. a. f(x+h)—f(x):x+h X
h h
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:h(
=h(-8+8)=h(0)
=2(0)+3=3
s5. (=1 )(-3)=h{f (-3))
- h((—3)3 —4(—3))
= h(-27+12)=h(-15)
=2(-15)+3
=-30+3=-27
56. (h g)(72):h(g 72))
-h({2(72))
:h( 144 )= h(12)
=2(12)+3
=24+3=27
57. (g )(1) = (r (1)) = ¢((1) =4(1))
=5(1-4)=2 ()
=2(-3) =+-6
Undefined
58. (gof )(—4)=g(f (—4))
e[(4) -4(4)

—64+16) = g (—48)

g
\/2(—48) =-96

Undefined
59. (f =f)(3)
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=h(-8+3)
=(2(-5)+3)=-7
61 (fonog)(2)=r(r(g(2)))
-/(+( )
=1 (n(2))=(2(2)+3)
=1(7)=(7-4(7)
=315
62. (F oheg)(8)=r ((s(8)))
-1
=1 (n(4))=£(2(4)+3)
=f(11)=(11°-4(11))
=1287
63.a. (fog)(x)=f (8(x))
=2(g(x)) +4
=2x*+4
b. (gof)(x) =g (x))=(f (x))
=(2x+4)
=4x>+16x+16
c. No
64.a. (kom)(x)=k(m(x))
=3(m(x))+1
=-3 ! +1
+
b (mOk)(x):m(k x))
11
_k(x) -3x+1
c. No
65. (nop)(x)=n(p(x))
=p()c)—5=x2 9x -5
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—10x +25-9x +45
—19x +70

)
67. (mon)(x)=m(n(x))= (x)+8

=Jx—5+8=+/x+3
x+3>20
x=>-3
Domain: [ 3, oo)

68. (nom)( = (m(x )=m(x)—5

Domain:

’T
8

=x+8-5
x+8=>0
x>-8
Domain: [ oo)
( )( ) (n(x)) (x) 10
B 1 1
x—5- 10 x—15
x—15#0
x #15

Domain: (—oo 15)u(15,oo)
70. (g2p)(x)=a(p(x))
1 1
" p(x)-10 X =9x-10
x*=9x-10%£0
(x—=10)(x+1)=0
x#10orx # -1
Domain: (—oo,—l)u(—l,lo)u(lo,oo)
r)(x)=a(r(x))
1 1
“r(x)=10 J2x+3-10

71. (qe




2x +3 =100
|2x+3|¢10
2x+3#10 or 2x+3#-10
2x #7 or 2x #—13
7 13
X#— Or X #——
2
Domain:

Jx+8-10%0
Jx+8 =10

x+8 %100

x#92
x+8=0

x>-8
Domain: [—8, 92) U (92, oo)

73. (nor)(x):n(r(x))
= r(x)—S

=[2x +3]-5
Domain: (—oo,oo)
74. (ron)(x)zr(n(x))
:‘2(n(x))+3‘ =[2(x-5)+3]
=|2x —10+3|=|2x -7

Domain: (—oo oo)
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()] -9(p(x))
2 9x) - (x 9x)
—18x* +81x% —9x* +81x

—~
><4>>< 'U

x*—18x +72x% +81x
Domain: ( 00, oo)
77 (f o8)(x)=f (¢ (x))=f (v2-x)
B 3 _ 3
_(\/ﬂ)z—m x+14

Domain: (—oo,—14)u(—14,2)

78. (7 8)(v) =1 (2()) =7 (57

_ 4 _ 4
( 3—x)2—9 x+6
Domain (—oo —6)u(—6 3]
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b. T (a)=a+0.06a+10.99
=1.06a+10.99
c. (T+C)(x)=T(C (x))
=1.06(C (x))+10.99
=1.06(21.95x)+10.99

=23.267x +10.99
d. (T>C)(4)=23.267(4)+10.99

82. (g0¢)(x) =g (8 (x)) =g [Vx-3) — 104058
B m The total cost to purchase 4 boxes of
- - )_ stationery is $104.06.
Domain: [12,) 88.a. C(x)=60x
83 (fogoh)(x):f(g(h(x))) b,T(a):a+0.055a+8=1.055a+8
(s (3) e (T+C)(x)=T (c(+)
:f((%/;)z =1.055(C(x))+8
=1.055(60x )+8
:2((‘ =63.3x +8

54 (g °f e h)(x) =8 (f (h(x )) The total cost to purchase 6 tickets is
=g (r (%) $387.80.
o (2( 3/;) +1) 89. : ;((zr);s;)tzr
~(2()+1] . (dor)(r)=d(r())=72(r(1))
85. (hogof )(x)=h(g(f (x))) =7.2(80¢) = 5761
=h ( g (2x + 1)) This function represents the distance
_ h((2x n 1)2) traveled (in ft) in 7 minutes.
; d. (d=r)(30)=576(30)=17,280 means
=(2x+1) that the bicycle will travel 17,280 ft
86 (8 ohof )(x) =8 (h(f (x))) (approximately 3.27 mi) in 30 min.
=g (n(2x+1)) 90. a. C(x)=2.4x
=g (Y2 +1) b. D(C)=-=
_ (M)z 0.8
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Undefined

36 means that
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109. ( )=r(g(5))

=f (7) Undefined
110. ( =2(£(0))

=g (3) Undefined

111.a.d(r)=2r
b. r(d)=2

e (v or)(d)zv(r(d))zv(czij

3
=£7r d =l72'a’3
3 (2 6

This is a volume of a cone as a
function of its diameter.
112. a. a’(r) =2r

b. r(d):é

c. (Vor)(d)=v (r(d))=v[§j

2
1 1
L2l 4 (6) =22
3 (2 2
This is a volume of a cone as a

function of its diameter.

113. (AcA)(x)= (1.045)2 x represents the
amount of money in the account after 2

years compounded annually.

114. (PoP)(x)= (0.98)2 x represents the

population 2 years later.
115. ( L
2

the high and low temperatures for day

j(x) represents the average of

X.

116.a. A (x)=7

area of the outer circle in terms of

(x +5 )2 represents the

the radius of the inner circle, x.

334

b. A, (x) = zx” represents the area of

the inner circle based on its radius, x.

C. (A1 —Az)(x)=A1 (x)—Az(x)
=7z(x +5)2 —7x’
=7z(x2 +10x+25)—7wc2
=7x* +107x + 257 — 7rx’

=107x + 257
This function represents the area of

the region outside the inner circle

and inside the outer circle.
117.a. S, (x)=x(x+4)=x"+4x

b.Sz(x):%ﬂrzzéiz[%jz
b
=4,(x) -4, (x)

=x +4x—lﬂx
8

T

1
2

. (S, =5,)(x

This function represents the area of
the region outside the semicircle, but

inside the rectangle.
118. The domain of (x) is the
g

intersection of the domains of fand g
with the further restriction to exclude
values of x for which g (x) =0.

119. The domain of (f o g)(x) is the set of
real numbers x in the domain of g such
that g(x) is in the domain of f.

120. For a positive real number 4, the
difference quotient represents the

average rate of change of a function f

between points (x, f (x)) and
(x +h,f (x +h)) . This is also
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interpreted as the slope of the secant

line between the points (x, f (x )) and

(3 + 5. f (x + 1))
121. a. f(x+h2‘f(x):x/x+h+z—\/x+3
b Vith+3-x+3 _ r+h+3-vx+3 Jrrh+3+4x+3
| " h Nx+h+3+x+3
_ x+h+3-(x+3)
h(x/x+h+3+\/x+3)
h(\/x+h+3+\/x+3) Jrtht3+x+3
1 1

- JXx+0+3++/x+3 B 2Wx+3
fx+h)—f(x) Jx+h-4-x-4

122. a.
h h
b Vx+h-4-x-4 x+h-4-Vx-4 Jx+h-4+x-4
' h h Je+h-4+-x-4
_ x+h-4-(x-4)
h(N+n—4+x-4)
~ h ~ 1
h(\/x+h—4 +Jx—4) Jx+h-4+-x-4
1 1

Jxt0-d+x—4 2Jx-4
d(t+h)-d(r) —484(t+h) +88(r+h)—(-4.84 +88)

h h
—4.84 (ﬁ +2th+ h2)+88t +88h +4.841> —88¢

h
—4.841% —9.68th —4.84h* + 88h + 4.84¢*
h
_ —9.68th—4.84h* +88h

123. a.

=-9.68t—4.84h +88

Ny

b. —9.68¢ —4.84h +88 = —9.68(0)—4.84(2)+88 =-9.68+88 = 78.32 fit/sec
c. —9.68 —4.84h+88 = —9.68(2)—4.84(2)+88 =-19.36—9.68 + 88 = 58.96 ft/sec
d. —9.68 —4.84h+88 = —9.68(4)—4.84(2)+88 =-38.72—-9.68+88 = 39.6 ft/sec
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e. —9.681 —4.84h+88=-9.68(6)—4.84(2)+88 =—58.08—9.68+88 = 20.24 ft/sec
d(t+h)-d(t) 5(c+h) -5
h B h
B 5(¢ +2th+h* ) =5t
B h
_5t°+10th+5h” = 5¢°

h
_10th+5h°

h
+5h

=10r
b. 10t +5h =10(0)+5(2) =10 ft/sec
¢. 106 +5h=10(2)+5(2) =20+10 =30 ft/sec
d. 10t +5h=10(4)+5(2) =40+10 =50 ft/sec
e. 10t +5h=10(6)+5(2) =60+10 =70 ft/sec

124. a.

10,
+5

125. a=b+8 and c =’ 129. m (x)=x
c(b)z(b+8) n(x):x+1
126. g=r—7 and s =g h(x)=4x
k(x)=x2
s(r): r="7
127. x =2y and z =x — 4 130. m(x)=|x|
z(y)=2y—4 n(x):x—4
1 h(x):—Zx
128.m=§nandp=m—2 k()c):)c3
p(n)=%n—2
Chapter 2 Review Exercises
1.a.d=\/(xz—x])22+(y2_y])22 b M = Xl‘;Xz,)’f'z')’z]
“\[4=(-1)] +(-2-3) (1ed 84(2)
=25+100 =125 =55 127 2
(2924
2 2 2
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2.a.d= \/ y2 Y, ) Yes
- b.  4fx—1|+y=18
=J(3ﬁ—ﬁ) G 45)- 1+ ()
— 121150 =162 =82 4(4)-2=18
b. M = x1+x2,y1;y2J . 14 =18 False
_ \/§+3\/§’ —\/g+4\/gJ 4. x-intercept: (%, Oj ; y-intercept: (O, —2)
2
4\/_ 3\/_ J ( \/_ 3\/_ ] 5. x-intercept: (4,0);y—intercepts:
B (0.-4).(0.~10)
3.a. 4|x—1|+y =18 6. x-intercepts: (—1,0),(—7,0);
4|(-3)-1]+(2)=18 . _
y-intercept: none
4(4)+2=18
18=18 v True
7.y =x*—2x
b y y =X —2x Ordered pair
o | g | v=(2)-2(2)=8 | (28)
s [ r=Cya(m=s | (1)
0 | o | y=(-2(0=0 | (0]
Lo | y=0)2()=-1 (1.-1)
2 | o | v=(F-2@)=0 | (2]
s || v=0r20=3 | (33
s s | v=(y-2(y=8 | (48
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8.d=\/|:5—(—3)]2+[2—(—2):|2 13.a. C = x1—|2_x27y|'{2'y2j
=64 +16 741 54(-3)
= /80 = 4+/5 units T
9. r* =4
8 2
r=v4=2 - 575}2(4’1)
Center: (4,—3);Radius:2 r=\/(x . 2+(y y )2
10. > =17 :\/(72_4;_'_(5_;2 1
r=\17 \ _Jo+16=25=5
Center: [0, Ej’ Radius: \/ﬁ (x—h)2+(y —k)2 = ;2
1La  (x-h) +(y-k) =r (x=4) +(v-1) =(5)
(x=4) +(y-1)’

14. a. The circle must touch the x-axis and

12. a. (x - h)2 + (y -k )2 =r the y-axis at a distance r from the
( X _0)2 +( y— )2 - (3.2)2 center. Since the center is in quadrant
x2+y?=10.24 IV, the center must be (4, - 4).
b. ()c—h)2+(y—k)2=r2

S (x=4) +[y =(=4)] =(4)

(x—4) +(y +4) =16
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15. a. x*+y*+10x =2y +17=0
(x2+1()x )+(y2—2y ):-17

[%(IO)T =25 B(—z)}2 =1

l:(x2+10x+25)

+(y2—2y+1)
(x+5)2+(y—1)2:9

b. Center: (—5,1); Radius: \/5 =3
16.a. x°+y° -8y +3=0
(-8 )=-3

2
B(—s)} =16
x> +(y? =8By +16)=-3+16
X2+ (y—4) =13
b. Center: (0,4); Radius: \/B
17. (x+3) +(y =5) =0

The sum of two squares will equal zero

]—17+25+1

only if each individual term is zero.

Therefore, x =—3 and y =5.

((-9)

18. x*+y°+6x—4y +15=0
(x2+6x )+(y2—4y )=—15

Chapter 2 Review

EOENERE

(x2+6x+9) 154944
+(y2—4y +4)

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

The sum of two squares cannot be

negative, so there is no solution.
{
19. a. {(Dara Torres, 12), (Carl Lewis, 10),
(Bonnie Blair, 6), (Michael Phelps,
16)}
b. {Dara Torres, Carl Lewis, Bonnie
Blair, Michael Phelps}
c. {12, 10, 6, 16}
d. Yes
20. No vertical line intersects the graph in
more than one point. This relation is a
function.

21. There is at least one vertical line that
intersects the graph in more than one
point. This relation is not a function.

22, x° +(y —3)2 =4
This equation represents the graph of a

circle with center ((), 3) and radius 2.

This relation is not a function because it

fails the vertical line test.
23. x> +y-3=4

y=—x"+7
10

M1

-0
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No vertical line intersects the graph in
more than one point. This relation is a

function.

24. f (x)=—2x"+4x
a. £ (0)=-2(0) +4(0)=0
b. £ (~1)=-2(~1) +4(-1

=2-4=-6
¢ £ (3)=-2(3) +4(3)
=—18+12=-6

d. f(r)=-2(c) +4(r)=-2> +4
e. f(x+4)=—2(x+4)2+4(x+4)

:—2(x2 +8x+16)+4x+16
= 2x?—16x—-32+4x+16
=2x>—12x-16
25.a.f(1)=5
b. £ (0)=4

26.

=1.065(189+60.48)
=1.065(248.48)

~ 265.70
P(189) =265.70 means that a drill that

costs $189 from the manufacturer will

cost the customer $265.70 after the

department store markup and sales tax.
27. Solve p (x) =0:

p(x)=|x-3-1
0=|x-3-1

e —3|=1

x=3=1 or x-3=-1
x=4 or x=2

Evaluate p (0) :
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p(x):|x—3|—1
p(0)=[(0)-3]-1=3-1=2
x-intercepts: (4, O) , (2, ()) ; y-intercept:
(02)
28. Solve q(x) =0:
q(x) = —\/;+ 2
0=—Vx+2
Jx =2

x=4
Evaluate q(O) :

q(x)= ~Jx +2
q(0)=—/(0)+2=2
x-intercept: (4, 0) . y-intercept: (0, 2)
29. Domain: {~4,-2,0,2,3,5};
Range: {~3,0,2,1f
30. Domain: (0, 4); Range: (0,3 |

31. x-5=#0
x#5

(—oo,S)U(S,oo)
32. |x|-3%0
‘x‘;ﬁ?:
x#-3 and x=#3
(—o0, =3)u(-3.3) (3, )
33. There is no restriction on Xx.
(e
34.2-x>0
—x>-2
x<2
()
35.a. f(-2)=-2
b. f(3)=-1



c. f(x):—l for x =-1, x=3
d. f(x)=—4 for x=—4
e. x-intercepts: (0, 0) and (2, o)
f. y-intercept: (o,o)
g. Domain: (—00, 00)
h. Range: (—oo,l]

36. f(x)=2x" -4

37. -2x +4y =8

4y =2x+8

1
=—x+2
)

|
8]
W= o=

x-intercept: (—4,0) ; y-intercept: (0,2)

38. —4x =5y
4

y =—§X

g y

-5 4

0 0
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T
5
5 | -4

x-intercept: (O, O) ; y-intercept: (0, 0)
39.y=2

x
-2
0

N[N NN =

x-intercept: none; y-intercept: (0, 2)

40. 3x =5

X ==

3
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Wllwlwm|wlw|wlwn |

5
x-intercept: (5, OJ ; y-intercept: none

41. m:yz_yl :_4_(_2): —2 :l
X, =X, -12-4 -16 8

42. _yz_yl_ 3 3:_2: 1

"= X, =X, B 1—(—3) T _5
43. =22 f(b)—f(a)
X, =X, b—-a
44.0
45. Undefined
46. Undefined

A
47. A_C represents the change in cost per
t

change in time.
48. a. Linear
b. Neither

c. Constant

50. y =mx+b

51/ )/8)_ 30 3
X, =X, 4—(—3) 7
52. a. Average rate of change
:f(xz)—f(xl)
Xy =X
~ 14,577 -10,799
- 10-5

_3TT8 755,601y

b. Average rate of change

:f(xz)—f(xl)
Xy =X

_ 35,854 —-26,561

- 25-20

_ 9293 _51858.60/yr

c. Increasing
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_f(x)=h(x)

b. Average rate of change

_ f(x,)-h(x)

56. 2x -4y =3
—4y =-2x+3
1 3 1

=—x—=;m =—
YEE T T

a. [2x +6y =6
6y =—-12x+6
y==2x+lm,=-2

Chapter 2 Review

m=_ 1
1 m2
1_ 1
2 2
E=l~/True
2 2
Perpendicular
b. 3y =1.5x -5
3
3y ==—x-5
Y 2
YTy T,

m, =m, ; Parallel
c. 4x +8y =8
8y =—4x+8

——lx+1'm =—=
yETpA TR ETy

l =2 False
2

Neither
57. y-y, :m(x—xl)
»=(0)=3x-(2]
y+7=3(x+2)
y+7=3x+6
y =3x -1
58. y -y, zm(x—x])

2
y—5:—g(x—0)
y—SZ—%x

y =—§x+5
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59. m=22=0 11233 L8
x,—x, —-09-1.1 -2
y—y]:m(x—xl)
y=53=-09(x-1.1)
y —5.3=-0.9x +0.99
y =—0.9x +6.29

60. A line with an undefined slope is a

vertical line. Every coordinate has the

same x-value, so the equation is x =5.

61. 2x -y =4
-y =-2x+6
y=2x—-6 m=2
y =y, :m(x—x])
y—(-6)=2(x-2)
y+6=2x-4
y =2x-10
62. 5y =2x

_zx.m_z
Y=t 5

5
y —3:—g(x+2)
y—3——gx—5
y =—5x—2

63. A line that is perpendicular to the y-axis
is a horizontal line with slope 0. Every

coordinate has the same y-value, so the

equationis y =7.

64. a.

60 mi 1 gal
hr 30 mi

45)=15-2(45)=15-9=6
G (4.5) =6 means that after 4.5 hr of
driving, the tank has 6 gal left.

65.a. C(x)=1500+35x

66.

Height (m)

b. R(x)=60x
c. P(x):R(x)—C(x)

=60x —(1500+35x )
=25x —1500

d  P(x)>0

25x —1500>0
25x >1500

x >60
The studio needs more than 60 private
lessons per month to make a profit.

e. P(x)=25x-1500

P(82)=25(82)-1500
=2050-1500 =550
The studio will make $550.

a.
Height of Volcano by Year
1000 —
600 [ ®
L]
L]
0 l | 1 1 | J
0 10 20 30 40 50 60
Number of Years Since 1960
b.m=22"2%1
Xy ™
650-166 484
= = =12.1
40-0 40
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y =y, =m(x—x1)
y =166 =12.1(x -0)
y =12.1x +166
¢. The slope is 12.1 and means that the

volcano’s height increases by 12.1 m
per year. : o
d. For 2030, x =2030—1960="70 T
y =12.1(70)+166=1013 m
67.a.y =11.9x +169 71. The graph of 4 is the graph of f (x) =x’
b. shifted to the right 2 units.

1000 y

0
0 60_|

c. For 2030, x =2030—-1960 =30

y =11.9(70)+169=1002 m 72. The graph of k is the graph of
68. y =(—x+5) -2 f(x)=/x shifted to the left 1 unit.

69. The graph of f'is the graph of f (x) = ‘x‘

shifted downward 2 unit.

Fosh 73. The graph of r is the graph of
f (x) = \/; shifted to the right 3 units

70. The graph of g is the graph of )
and upward 1 unit.

f (x) = \/; shifted upward 1 unit.
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74. The graph of s is the graph of f (x) =x’
shifted to the left 2 units and downward

3 units.

75. The graph of t is the graph of f (x) = |x|
reflected across the x-axis and stretched

vertically by a factor of 2.

76. The graph of v is the graph of f (x) = ‘x‘

reflected across the x-axis and shrunk

vertically by a factor of % .

77. m(x) = \/—x +5 = \/—(x —5)
The graph of m is the graph of
f (x) = \/; reflected across the y-axis
and shifted right 5 units.

78. n(x) = \/—x —-1= \/—(x +1)
The graph of n is the graph of
f (x) = \/; reflected across the y-axis
and shifted to the left 4 units.
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79. The graph of the function is the graph of
f (x) shrunk horizontally by a factor of

80. The graph of the function is the graph of
f (x) stretched horizontally by a factor
of 2.

81. The graph of the function is the graph of
f (x) shifted to the left 1 unit, reflected
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across the x-axis, and shifted downward

3 units.

82. The graph of the function is the graph of
f (x) shifted to the right 4 units,

reflected across the x-axis, and shifted

downward 1 unit.

83. The graph of the function is the graph of
f (x) shifted to the right 3 units,

stretched vertically by a factor of 2, and
shifted upward 1 unit.
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84. The graph of the function is the graph of
f (x) shifted to the left 2 units, shrunk

vertically by a factor of % , and shifted

downward 3 units.

85.y=x"-3
Replace x by —x.
4
y :(—x) -3
y=x"-3

This equation is equivalent to the
original equation, so the graph is
symmetric with respect to the y-axis.
Replace y by —y .
—y=x*-3

y=—x"+3
This equation is not equivalent to the

original equation, so the graph is not

symmetric with respect to the x-axis.

Replace x by —x and y by —y .

-y =(—x)4—3
—y=x*-3
y=—x"+3

This equation is not equivalent to the
original equation, so the graph is not

symmetric with respect to the origin.

86. x :|y|+y2

Replace x by —x.
—x =|y|+y*

% ==p[-y’
This equation is not equivalent to the
original equation, so the graph is not
symmetric with respect to the y-axis.
Replace y by —y .
vzl ()
X = ‘ y ‘ +y’
This equation is equivalent to the
original equation, so the graph is
symmetric with respect to the x-axis.

Replace x by —x and y by —y .

—x =[] +(-v)
—x =[y|+y’
x==p[-y?

This equation is not equivalent to the
original equation, so the graph is not

symmetric with respect to the origin.

1
87. v =—x-1
Y73

Replace x by —x.



This equation is not equivalent to the
original equation, so the graph is not
symmetric with respect to the y-axis.
Replace y by —y .

1

=l
Y73

1
=——x+1
Y 3

This equation is not equivalent to the
original equation, so the graph is not
symmetric with respect to the x-axis.

Replace x by —x and y by —y .

1
-y :g(—x)—l
-y =—%x—1
y :§x+1

This equation is not equivalent to the
original equation, so the graph is not

symmetric with respect to the origin.

88. x* =y’ +1

Replace x by —x .
(—x )2 =y’ +1

x*=y*+1
This equation is equivalent to the
original equation, so the graph is
symmetric with respect to the y-axis.
Replace y by —y .
x® = (—y )2 +1
x*=y*+1
This equation is equivalent to the
original equation, so the graph is

symmetric with respect to the x-axis.
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89.

90.

91.

92.

93.

Chapter 2 Review

Replace x by —x and y by —y .
2 2
(=) =)+
x*=y*+1
This equation is equivalent to the
original equation, so the graph is

symmetric with respect to the origin.

f(x)z—4x3 +x
f (=) =—4(=x) +(~x)
7”(—)c)=4x3 —-X

—f (x) = —(—4)63 +x) =4x’ —x

/()= (3

The function is odd.
g(x)=x

g(-x)=x ==

)~ (0)

g(~x)=-(x)

The function is odd.
p(x)=Va-x

p(—x)=,/4—(—x)2 =\/m

p(=x)=p(x)

The function is even.
q(x) ==

q(=x)==|=x[=-}|

q(=x)=a(x)

The function is even.
k(x)=(x-3)

k (—x) = (—x —3)2

k(o) =~(x-3)

k (—x) +k (x)

k (—x) #—k (x)

The function is neither even nor odd.
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The function is neither even nor odd.
95. a. Use the first rule.
f(—4)=—4(-4)+2
=16+2=18
b. Use the second rule.
F(1)=(1) =1
c. Use the third rule. f (3)=5

d. Use the second rule.

/(2)-(2) -4

97. 24
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98. 4

:
99. a f(x:

¢. Never constant
102. At x =2, the function has a relative
minimum of —2. At x =4, the
function has a relative minimum of
—1. At x =2, the function has a
relative maximum of 1.
103. At x =2, the function has a relative

maximum of 4.

—|x|+4 forx <3

104. 1 (x) ={1

forx >3



105. (f —h)(2)=1(2)-1(2)

N

108. (£ = ¢)(5)

~ ]
W 09
N~—"
I

[
W
L
SN~——"
I

|

N

~

I ———~
|
— p— A~

109. (g</)(5)

R o
~
whn

110. a. (£ +g)(2

b. (g-
(1)

e (

~—
[\
|

(O8]
+
—_—~

oQ
\
N—
|
N
N—
. A~~~

)7 (4
1=-2

oo 1 N
IR
\—/l

=y

Undefined

|
w
~—

(=7
\h
—_
o
—~
E)
~—
Il
R~
\9)
~
I
W

oQ
<~

&
I
=~
N

)-s(-1)-1

5)) Undefined

—~
(9}
~
1
(s}
—

f

—~
~—
SN~—"
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x—22>20
x>2
x*—4x #0
x(x—4)¢0
x#0andx =4
Domain: [2,4)u(4,oo)

n __n(x)__xg——4x
s (2] 25 -4
x—2>0
x>2
Domain: (2, oo)
IBL(m-pr):nﬂx)jﬂx)=—4xJ;:E
x—-220

x=>2
Domain: [2, oo)

115. (gon)(x)=g(n(x))
1

__n(x)—S
_ 1
Cx2_4x-5
x?—4x-5%0
(x=5)(x+1)=0

x#5and x #-1
Domain: (—oo,—l)u(—l,S)u(S,oo)

116. (qop)(x)zq(p(x))

1 1

p(x)=5 Jx-2-s

x—22>20
x2>2
Jx—2-5%0
\/xj;tS
x—2+#25
x =27
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Domain: [2, 27) u(27, oo)
f(x+h)+f(x) —6(x+h)-5-(-6x-5)

117.
h h
_ —6x—-6h—5+6x+5
- h
_=6n__
===
2
s, f(x+h2—f(x):3(x+h) —4(x+hzl+9—(3x2—4x+9)
(7 +2xh+ )= dx —4h+ 93¢ +4x -9
- h
B 3x* +6xh+3h> —4h—3x’ 3 6xh+3h> —4h
- h - h
=6x+3h—4
d(t) 60r
. Od = d = =
119./”()c):)c2 and g(x)zx—4 ‘ (n )(t) n( (I)) 28 28
12 This function represents the number
120. £ (x ):? and g (x)=x+5 of gallons of gasoline used in ¢ hours.
121.a. d(t):63t d. (nod)(7):602—(87):15 means that
b n(a’)zi 15 gal of gasoline is used in 7 hr.
Chapter 2 Test
l.a C= X, +x, y1+y2] C. (x—h)2+(y—k)2:r2
2 72 2 2 2
-3 ~(-1)] =(+/a1
8+(-2) —5+3 (x-3) +[2y ]2 )
= > (x—3) +(y +1) =41
_ 6 ;2}:(3 _1) 2. a. Substitute O for y: Substitute 0 for x:
272 ’ _ _
b4 xepls
b. r:\/(x2 —x1)2+(y2—y1)2 x=‘(0)‘—4 (0):|y|—4
S R} v =
—J25+16 =41 -

x-intercept: (—4, 0) ; y-intercepts:

(04} (04
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b. No b. Center: (—7, 5) ; Radius: \/Z: 2
3.a. x*+y*+14x -10y +70=0
(x2+l4x )+(y2—10y ):—70

4. This mapping defines the set of ordered

pairs: {(2 5).(3.5). (4 5)} . No two

- 2 2 .
1(14)} — 49 {1(10)} _25 ordered pairs have the same x value but
L different y values. This relation is a
_(xz +14x +49) function.
2 ==70+49+25 5. There is at least one vertical line that
+(y? 10y +25)

5 5 intersects the graph in more than one
(x+7) +(y-5) =4 e :
point. This relation is not a function.

6.a. f(~1)=-2(-1) +7(~1)-3
=2-7-3
=-12
b. f(x+h)=—2(x+h)2+7(x+h)—3
:—2(x2+2xh+h2)+7x+7h—3
=-2x> —4xh—2h> +7x +Th-3
fx+h)=f(x) —26%—4xh-2k" +7x+7h—3—(—2x2 +7x—3)

c.
h h
3 2x*—4xh-2h* +Tx +Th-3+2x*-7x+3
h
2
_ —4xh—-2h"+Th A —ha
h
d. Substitute O for f (x): e. Substitute O for x:
0=-2x>+7x-3 f(x)=-2(0) +7(0)-3=-3
0=2x>-7x+3 ((),_3)

0=(2x—-1)(x-3)
2x-1=0 or x-3=0

2x =1 or x=3 7
1
2

(%,OJ and (3,0) d. ’E—oo,—2)U(0’2)

f. —4x—2h+7:—4(1)—2(2)+7
=4-4+7=-1

X =
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f. At x = 0, the function has a relative
minimum of —2.
g. At x =2, the function has a relative
minimum of 2.
At x = 2, the function has a relative

minimum of 2.

()

i. (—oo, 2}
i f (x) =f (—x) , so the function is even.
8. 3w+7%0
3w = -7

10. 3x =—4y +8
4y =-3x+8

3
=——x+2
YT
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dome——b_-%
23] 3
4
3
e.m=——
4
11. x+3y =4
3y =—x+4
Y=oty 3
L SN S
m 1
3




15.

17. x* +|y|=8
Replace x by —x .
(x) +[y[=3

x2+|y|:8

This equation is equivalent to the

original equation, so the graph is

symmetric with respect to the y-axis.

Replace y by —y .
x+ |—y| =8
x”+ | y| =8
This equation is equivalent to the

original equation, so the graph is

symmetric with respect to the x-axis.

Replace x by —x and y by —y .

(o) +ho] s
x2+|y|=8

355

18.

19.

20. a.

Chapter 2 Test

This equation is equivalent to the
original equation, so the graph is

symmetric with respect to the origin.

The function is odd.
g(x)=x*+x’+x

g(=x)=(=x) +(=x)"+(=x)
e

—g(x)=—(x4+x3+x)
=—x'—x"—x

g(-x)=g(x)

g(-—x)=-g(x)

The function is neither even nor odd.

f(x)=[x]

f(4.27)=[4.27]=4

b (x)=I]
)

—X

(F=h)(6) = (6)-#(o
—6-4-+6-5
=2-1

2. (5-1)(5) s (5)-4(5)
:é. 5_5
:%.0
=0
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23. =th (1) g 28.a (f+g)(3)=f(3£)+;g(3)
=h(1 =1+(-2)=-1
=h(3) b. (1-£)(0)=/(0)-5(0)
=35 =1-(-1)=-1
2 c.or (3) =)=
Undefined d. (fog (2 —f (g (2)>
24. (f-g)(x)=f (x)-g(x) —f (~3) Undefined
1
=(x—4)-(x_3j e. (-3,0)
_x-4 f. (—0,2)
x=3 29. a.
x—=3=0 w0 Number of Attendees by Week
x#3 » .
Domain (—00,3) (3,00) 3 i .«
40— L
1 ]
gy &) x3 T, °
2 (fj(x)_f(x) Cx—4 R wﬂk s
1 ee
_(X—3)()C—4) b.m:yz_y|:40_8:
(x=3)(x—4)=0 Ynox o 9-1
x #3and x # 4 (y=y,)=m(x-x)
Domain: (—oo 3)u( ) ( ) (¥ _?Zi(c):;l)
26. ( )( ) (h(x)) ( ) c. The slope is 4 and means that the
1 number of attendees has increased by
- 53 approximately 4 people per week.
Y—5>0 d. y =4(24)+4 =100 people
x>5 30.a. y =3.3x+8.5
T 5 _3 7 O b. HORMAL FLOAT AUTO REAL RADIAN CL
— U TLOMT RO BERL BOI S f)
x—5#3 20 a
x—=5#9
x =14
Domain: [5,14)u(14,oo)
27. f (x)=/x and g (x)x~7 0 5
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c. y =3.3(24)+8.5=87.7~ 88 people
Chapter 2 Cumulative Review Exercises

La.f(2)=-1
b. f(x)=0 for x=0and x =3

(
2.a. x° +y’ +12x -4y +31=0
(x> +12x)+(y* =4y )=-31

{1(12)}2 =36 F(—4)}2 =4

2 2

(x*+12x +36)
+(y2 —4y +4)

(x +6)2 +(y —2)2 =9

b. Center: (—6, 2) : Radius: \/5 =3

1 1

]=31+36+4

3 (6 o) =21 (5) = 1 -

(x) T x?43x
—x>+3x 20
x?=3x =0
x(x —3)7&0
x#0and x #3
Domain: (—oo, O)U(O, 3)u(3, oo)

4. (g-h)(x)=g(x)-h(x)
Lo x2

x#0
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x+220
x=>-2
Domain: [—Z,O)U(O,oo)

o o) s ()

6.

7.

h
—(x+h)2 +3(x+h)—(—x2 +3x)
h
—(x2 +2xh+h2)+3x+3h+x2—3x

h
—x*=2xh—h*+3h+x*
h

—2xh—h*+3h

h
=-2x—-h+3

—2x—h+3=-2(0)—(3)+3
=0-3+3=0
Substitute 0 for f (x):
f(x)=—x"+3x
0=—x"+3x
x*=3x=0
x(x —3):O
x=0orx=3
Substitute O for x:
f (x) =—x?+3x
£(0)=—(0) +3(0)=0
x-intercepts: (0, 0) and (3, 0);

y-intercept: (O, 0)
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11. |x—7| or |7—x|
12. 2x° —128:2(x3 —64)

=2| (v -(4)]

=2(x—4)(x* +4x+16)

358

13, 3t(1-1)=2+6
3 +3t=2t+6

3t +t-6=0

3 —1t+6=0

14. 7=|4x -2|+5
2=|4x -2
4x-2=2 or 4x-2=-2
4x =4 or 4x =0
x=1 or x=0

o)
15. Letu=x"""

2 =3 4220

u =3u+2=0

(u-1)(u-2)=0

u=1 or u=2
x]/5=2

x =32

xl/S -1

{1,32}

16. [3a+1|-2<9
Ba+1/<11
~11<3a+1<11
~12<3a<10

—4£a£E
3

2

17. 3<2x+1<7
2<-2x<6

—1>x>-30r -3<x<-1
(-3, -1]

x =1
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Chapter 2 Cumulative Review

2
19. 3cA/8¢2d> +¢2\50d> —2dN2¢*d =3eN2%¢d? -2d +*\52d? - 2d —2d (02)2 2d

2 1
20 u” —w™ u w  uw
. 42 24 1 2
U —w 4 uw
2 2
u-w
2 2
2uw” —uw
dw? —u?

— 6¢2d2d +5¢2d2d —2¢*dN2d
—9¢2d2d



