Chapter 2: Relations, Functions and Graphs

Technology Highlight

1.

2.

y =+4.8;y =+3.6 , Answers will vary.

(x—3)2 +y° =16

Center (3,0), r=4

Ifx=0, (0-3)"+y*=16

9+y* =16

y =7

y=+J7

y-intercepts: (O, J_rﬁ) ;(0,£2.6457513)

2.1 Exercises

First, second
independent, output
Radius, center
(0,0), five, central
Answers will vary.
Answers will vary.

Year in
college GPA

Domain = {1, 2, 3, 4, 5}
Range = {2.75, 3.00, 3.25, 3.50, 3.75}

10.

11.

12.

Efficiency
Morth rating

Domain={1, 2, 3,4, 5, 6}
Range = {60, 65, 80, 90, 95}

D={-2,-3, -1,4,2}
R={4, -5,3, -3}

D={4, -1,2, -3}
R={0,5,4,2 3}

D={-1,0,2, -3}
R={1,4, -5 3}



2.1 Exercises

13. y=——x+1
X |y
6 —%(—6)+1:4+1:5
-3 -g(—3)+1=2+1:3
° —%(0)+1=0+1=1
3 —%(3)+1:—2+1=—1
0 —%(6)+1:—4+1=—3
8 _é(s)+1__136+1:_%

©|o|u|w|nv ok
©||d|d|r

X y
-8
—5(—8)+3:10+3:13
4
—4
—%(—4)+3:5+3:8
0
—%(0)+3:0+3:3
4
—%(4)+3=—5+3=—2
8
—%(8)+3=—10+3:—7
10
—5(10)+3=—§+3=—E
4 2 2

90




Chapter 2: Relations, Functions and Graphs

16. |y+1=x 17. y=x°-1
X y
0 -1
1 0,-2
3 2, -4
5 4, -6
6 5, -7
7 6, -8
ly+1=0 ly+1=1
y+1=0 y+1l=+1
y=-1, y=-1£1;
y=0
y=-2
ly+y=3 ly+1=5
y+1=43 y+1=45

18. y:—x2 +3
X y
-2 —(-2)?+3=-4+3=-1
-1 —(-1)?+3=-1+3=2
0 —(0?+3=0+3=3
1 ~(1)?+3=-1+3=2
2 —(2 +3=-4+3=-1
3 ~(38)>+3=-9+3=-6
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2.1 Exercises

19. y=+25-x2

| Jas—(-3f = V25-9 -6 - 4
° J25-(0)? =25 =5

2| s —yzsma- ot

° V25-(3)7 =25-9 =16 - 4 2L x-1=y*

f | Vo =vmis =1 =3 y=i-1
X y
hEee 0| faoi-va -
° JB)-1=+4 =22
’ J@)-1=+3

2 J2)-1=41=11

To-b2,

1.25 J1.25)-1=40.25 =+0.5

' V)-1=40-0

20. y=1169-x2

X

y
~12 1 169 (-12)? = J169-144
=25 =5

-5 V169 (=5)% =+/169-25
=144 =12

0 169-(0)> =+/169 =13

3 V169-(3)* =+169-9
= /160 = 4410

> (/169 (5)" =169 25
=144 =12

12| Jie9-(12) = 169144
=\25=5
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Chapter 2: Relations, Functions and Graphs

22. y2+2=x 24, y=(x-1)°
y2 =X-2
X y
y=+Vx-2 )

T ) P-(2P-s

26.

)

93



217.

28.

29.

30.

M = (X1+X2 Y1+Y2j
M:( 45+3.1 92+(98)j
2
(-14 -06
2 Ll
M =(-0.7,-0.
M = | XLtX2 Y1+y2j
M:

H

L5
2
575,

r\)lo

)

M :(X1+X2 Y1+y2j

[
(5 2+6.3 71+( 71)]
e

N
N

1 (-1} -2 3
5'\10) 32
M = 3 4
2 2
R
Mm=|10 12
22
wo(L L
20 24
M=|XLtX2 Y1tYo
2 2
1
M = 8 3
2 2
31
M=|_-8 2
2 2

2.1 Exercises

94

31. (-5, -4)(5,2)
M =| XetX2e Yityo
2 2

32.

33.

34.

M — —5+5,—4+2
2 2

M = (0,~1)
(-54) @3, -2
:(X1+X2 Y1+Y2j

2 2

M = ( 5+3 4+( 2)}
2 2

M —_Z,EJ

2 2

M =(-11)

(-4, -4)(2,4)

M:(X1+X2 y1+Y2]
2 2

M :[—4+2,—4+4j
2 2

172)

=(-1,0)
The center of the circle is (-1, 0).

(-5,3) (@1, -1
Mz(xﬁxz Y1+y2j
2 2

M =(—5+1’3+(—1)j
2

2
-4 2
53
M =(-21)
The center of the circle is (-2, 1).



Chapter 2: Relations, Functions and Graphs

35. (-5, —4) (5,2)
d= \/Xz—xl +(y2-y1)?
d =(5-(-5))2 +(2- (-4))
d =+/(10)? +(6)?
d =+/100+36
d =136
d=2y34

36. (~5,4) (3, —2)
d =\/(X2 —x1)? +(y2 - 1)

d =43 (-5)% +(-2-4)2
d =482 +(-6)*
d=+/64+36
d =100
d=10

37. (=4, —4) (2, 4)
d= \/(XZ_Xl) +(yo-y1)?
4 =\(2-(4) +(4(4))
d=+6%+8
d =+/36+64
d =+/100
d=10

38. (=5,3) (1, -1)
d=\/( 2=x1)" +(y2 - 1)?
d =(1-(-5) +(-1-3)
d = /6% + (~4)?
d =+/36+16
d =+/52
d =213

95

39.

40.

41.

42,

(5,2) (0, -3)
_3-2 -5
-~ 0-5 -5
(0, -3) (4, -4)
_ 4-(-3) 443 -1,
4-0 4 4’
(5, 2) (4, -4)
—4-2 -6
m= =—=
4-5 -1

Not a right triangle. Lines are not

perpendicular. Slopes: 1; _Tl; 6

(7,0) (-1, 0)
0-0
-1-7

(7,0) (7, 4)

m _4-0 Undefined
-7

Right triangle because these two lines are
perpendicular. Slopes: 0; undefined.

(-4,3) (=7, -1)
_-1-3 -4 -4 4
T _7-(4) -7+4 -3 3’
(-7, -1) (3, -2)

_2-(-) _-2+1 -1,
3-(-7) 3+7 10’

(-4,3)G, -2)
_2-3 5
3-(-4) 7
Not a right triangle. Lines are not
. 4 -1 -5
erpendicular. Slopes: —; —; —
perp P 3 10 7

(-3,7) (2, 2)
_2-7 5 5
T2-(-3) 2+3 5

2, 2) 5 5)

5-2 3

5-2 3
Right triangle because these two lines are
perpendicular. Slopes: —-1;1




43.

44,

45,

46.

2.1 Exercises

(-3,2)(-1,5) 47. Center (5,0), radius /3
m-—>2 __3 _3. (x-5)% +y? =3
1-(3 -1+3 2
(-3,2)(-6,4)
4-2 2

m= -2 ..z
-6-(-3) -6+3 3
Right triangle because these two lines are

perpendicular. Slopes: g; _?2

(0,0) (-5, 2)
2-0 2 2

- -5-0 -5 5 _
(~5,2) (2, -5) 48. Center (0,4), radius /5
5-2 _ 1 _T_ . x2 +(y-4)? =5

Mm=——m— = =
2-(-5) 2+5 7

(0,0) (2, -5)

-5-0 -5

2-0 2

Not a right triangle. Lines are not

perpendicular. Slopes: —%,—1,—%

m=

Center (0,0), radius 3
x2 + y2 =9

49. Center (4, —3), radius 2
(x—4)? +(y+3)> =4

Center (0,0), radius 6
x2 + y2 =36

LV 50. Center (3, —8), radius 9
BRI N (x-3)% +(y+8)? =81
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Chapter 2: Relations, Functions and Graphs

51. Center (-7, —4), radius J7 54. Center (—-2,3), radius 32
(x+7)% +(y+4)? =7 (x+2)2 +(y-3)2 =18

52. Center (- 2,-5), radius J6 55. Center (4,5), diameter 43

? ?
(x+2fF +(y+5° =6 radius:%diameter

53. Center (1, —2), radius 243
(x-1)% +(y+2)? =12

56. Center (5,1), diameter 45

radius =%-diameter

97



57. Center at (7,1),
graph contains the point (1, —7)

(x=7)* +(y-1)° =r?;
1-7)? +(-7-1)? =r2
36+64=r?

100 =r?;

(x=7)? +(y-1)> =100

58.

59.

Center at (- 8,3),

graph contains the point (- 3,15)
(x+8)? +(y—-3)% =r?;
(-3+8)% +(15-3)? =r2
25+144 =r?

169 =r2;

(x+8)% +(y—3)? =169

Center at (3,4),
graph contains the point (7,9)

(x=3)% +(y—4)? =r?;
(7-3)? +(9-4)% =r?

16+25=r2

41=r?;

(x=3)% +(y-4)% =41

60.

61.

98

2.1 Exercises

Center at (—5,2),
graph contains the point (-1,3)

(x+5)? +(y—2)? =r?;
(-1+5)? +(3-2)* =r2
16+1=r?

17=r2;

(x+5)% +(y—2)* =17

Diameter has endpoints (5,1) and (5,7);
midpoint of diameter = center of circle

b

radius = distance from center to endpt

J(B-5)? +(1-4)% =3;

(-5 +(y-4)? -9




Chapter 2: Relations, Functions and Graphs

62. Diameter has endpoints (2,3) and (8,3); 65. Center: (-1,2),r = 2.3
midpoint of diameter = center of circle T
1-243,-1+243]

2+8 ﬁ _(53) D:xe
2 "2 )" R:ye2-243.2+2/3]

L ¥

591”2 4.6 810,

radius = distance from center to endpt

r=4(2-5)? +(3-3)? =3,
(x=5)* +(y-3)* =9

L ¥

66. Center: (7,-4),r =245
D:xe[7-25,7+245]
R:ye|-4-2v5-4+245]

63. Center: (2,3),r=2 4 ¥
e [0d]
R:yel[L5]

81D

67. Center: (-4,0),r=9

BENES IR TS D:xe|-135]
R:ye[-99]
64. Center: (51),r=3
D:xe(28]
R:ye[-24]

99



2.1 Exercises

68. Center: (0,3),r=7 71. X% +y? —10x+4y+4=0
D:xel[-77] x2 —10x+y? +4y =4
R:ye[-4.10]

x2 —10x+25+y2 +4y+4=-4+25+4
(x5 +(y+2)? =25
Center: (5,-2), Radius: r =5

L ¥

69. x°+y2-10x-12y+4=0
x? -10x+y% —12y =4
x2 —10Xx+25+y2 —12y+36 =—-4+25+36
(x-5)% +(y—6)% =57
Center: (5,6), Radius: r =~/57

72. x2+y2+6x+4y+12:0
x2+6x+y2+4y:—12
x2+6x+9+y2+4y+4=—12+9+4
(x+3)% +(y+2)? =1
Center: (-3,-2), Radius: r =1

LV

70. x2+y2+6x-8y-6=0

x? +6x+y2—8y=6

2 2 _
X°+6x+9+y° -8y+16=6+9+16 73, x2+y2+6y—5=0
2 2
(x+3)° +(y-4) =31 x2+y?+6y=5
Center: (-3,4), Radius: r =+/31 X2 +y2 16y +9=5+9

L ¥

x2+(y+3)° =14
Center: (0,-3), Radius: r =14

LAY
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74.

75.

76.

Chapter 2: Relations, Functions and Graphs

x2 +y2-8x+12=0

X2 —8x+ y2 =-12

x? —8x+16+y? =—12+16
(x-4)? +y% =4

Center: (4,0), Radius: r=2

x2 +y2+4x+10y+18:0

X2 +4x+ y2 +10y =-18

X2 +4x+4+ y2 +10y+25=-18+4+25
(x+2)? +(y+5)? =11

Center: (-2,-5), Radius: r =+/11

L ¥

x2 +y2—8x—14y—47:0

X2 —8x + y2—14y:47

x2 —8x+16+y2 —14y +49 = 47 +16 + 49
(x—4)? +(y-7)? =112

Center: (4,7), Radius: r = 4+/7

77. X% +y? +14x+12=0
X2 +14x+y? =-12
X% +14x+49+ y? = —12+49
(x+7)? +y? =37
Center: (~7,0), Radius: r =+/37

78. x%+y%-22y-5=0
X2 + y2 —-22y=5
x% +y2 —22y+121=5+121
x2 +(y-11)? =126
Center: (0,11), Radius: r =314

LAY

~25:2015 1055 ] 510152025 »

101



79.

80.

81.

2.1 Exercises

2x% +2y2 —12x+20y+4=0
x2+y2—6x+10y+2=0

X2 —6x+ y2 +10y =-2

x2 —6x+9+y2 +10y +25=-2+9+25
(x—3)? +(y+5)* =32

Center: (3,-5), Radius: r =442

L ¥

3x2 +3y2 —24x+18y +3=0
x2+y2—8x+6y+1:0

x? —8x+y2+6y:—1

X% —8X+16+y% +6y+9=-1+16+9
(x—4)? +(y+3)* =24

Center: (4,-3), Radius: r =~/24 = 26

L ¥

§=12.5t+59
a Lett=15=125(1)+59=715;

Let t=2,5=12.5(2)+59 =84;

Let t=3,5=125(3)+59=965;
Let t =5,5=12.5(5)+59 =121.5;
Let t =7,5=12.5(7)+59=146.5;
(L7L5),(2,84),(3 96.5),(5,1215),(7,146.5)

b. Lett=85=125(8)+59=159

Average amount spend in 2008 is $159.

82.

83.

84.

85.

86.

c. Let s=196,
196 =12.5t +59
137 =12.5t

10.96 =t

In 2011, annual spending surpasses
$196.

dusfe

145 2
135 :

125
15 T

[[H]
5
a5
75

£ it

133456733108
A=2r?
A=2(5)? =50 units 2

a. (x-5) +(y-12)" = 25?
(x-5)" +(y-12)" =625

=

d = /(155" +(36-12)

d =10 +24* = /676 = 26

No, radar cannot pick up the liner’s
sister ship.

(o
o
Il
<___
—_
[N
00
00
-,
A
H
\l
—

d =4/(10)’ +(—6)2 =+/100+36

=+/136 ~11.66

Yes, they would have felt the quake.

Red: (x—2)2 +(y—2)* =4;

Center: (2,2), Radius: 2

Blue: (x—2)? +y? =

Center: (2,0), Radius: 4

Area of blue: 7(16)— 7(4)=127 units?

y 2

()+()=
5=r



87.

88.

Chapter 2: Relations, Functions and Graphs

x2 +y2 +8x-6y=0

X2 +8x+ y2 -6y=0

x? +8x+16+ y2 -6y+9=0+16+9
(x+4)? +(y-3)? =25;

x2 +y2 -10x+4y=0

x2 —10X + y2 +4y =0

x2 —10X + 25+ y2 +4y+4=0+25+4
(x=5)% +(y+2)? =29;

Distance between centers: (—4,3), (5, —2)

d =y(-4-5) +(3-(-2))
=+/81+25 =+/106 ~10.30;

Sum of the radii: 5++/29 ~10.39

No, Distance between the centers is less than

the sum of the radii.
3 _1"

x% +y? =2500;

(x—20)% +(y—30)? =900 ;
202 +302 =h?
V1300 = h;

1013 + 30 ~ 66 miles

89. Answers will vary.

90.

91.

92. ——

Statement is true. Answers will vary.

a. X +y -12x+4y+40=0

X? —12x+y’ +4y =40

X* —12X+36+y’ +4y+4=-40+36+4

(x—6)2+(y+2)2 =0
Center (6, —2), r = 0, degenerate case
b. x*+y?*-2x-8y-8=0
X2 -2x+y* -8y =8
x> —2x+1+y? -8y +16=8+1+16
(x-1)" +(y—4)" =25
Center (1,4),r=5
c. X*+y?>-6x-10y+35=0
x? —6x+y> -10y =-35
X2 —6X+9+y*—10y+25=-35+9+25
(x-3)" +(y-5)" =-1
Center (3, 5), r* =—1, degenerate case

4lw-2|+3210
4lw-2|>7

w—2|> 1
4

W—22Z orw—2£—Z
4 4

15
W>— orws<

L
4 4

vel e



94.

95.

0

not possible

0.3 ;many answers possible
not possible

not possible

-~ P00 OTw

\/5 ;many answers possible

x* +13 = 6x
x> —6x+13=0
a=1b=-6,c=13

(o By (-6)" - 4@1)(13)

2(1)
L 6+/36-52

2
L _6£"16

1-Vn+3=-n
—-n+3=-n-1
vn+3=n+1
2

(\/n+3) :(n+1)2
n+3=n’>+2n+1
0=n’+n-2
0=(n+2)(n-1)
n+2=00rn-1=0

n=-2 orn=1
Check:n= -2
1-vJ-2+3=—(-2)
1-1=2

0=2;
Check:n=1

1-V1+3=-1
1-vJa=-1

-1=-1;

2.2 Exercises

n =1 isasolution, n = —2 is extraneous.

104

2.2 Technology Highlight

Exercise 1: Y, = % x+1 (-1.5,0), (01)
Exercise 2: 79x—55y =869
—55y =—-79x+869
y_T9,. 79

55 5
x-intercept: (—11,0)

y-intercept: (0,-15.8)

2.2 Exercises

1. 0;0.
2 yz_yIZD_y
X, =X, LUX

3. negative, downward
4. zero, undefined, equal

5. yes; slopes are not equal m, =m, ;
No; m -m, =-1

6. Answers will vary.



Chapter 2: Relations, Functions and Graphs

-3x+5y=10
5y =3x+10

3
=—X+2
y 5

X y

-5 3

g(‘5)+2:‘3+2:‘1

0
%(o)+2=0+2=2

2
%(2)+2 =1.2+2=32

105

3
=—X+4
y 2
X y
-2 3

E(_2)+4:_3+4:1

g(o)+4=0+4=4




11. y:§x+4

-05=

N w

(—3}+4

—0.5:—2+4
2
-05=-05;

B:E lj+4
4 22

19 3
4 4
19 19
4 4

+4

12, y:%x—3

—5.5:2(—1.5)—3
-55=-25-3
-55=-55;

3T_5(11) 4
6 32
3.5 4
6 6

a7 _37
6 6

13. 3x+y=6
x-intercept: (2, 0)
3x+0=6

3x=6
X=2
y-intercept: (0, 6)
30)+y=6

y=6

14,

15.

2.2 Exercises

—2X+y=12

x-intercept: (-6, 0)
-2x+0=12
-2x=12
X=-6
y-intercept: (0, 12)
-2(0)+y=12
y=12

(0, 12

2,[ 246 5104

5y—x=5
x-intercept: (-5, 0)
5(0)-x=5
-X=5
X=-5
y-intercept: (0, 1)
5y-0=5

5y=5
y=1

e
13, ] 246 510y




16.

17.

Chapter 2: Relations, Functions and Graphs

—4y+x=8
x-intercept: (8, 0)
—4(0)+x=8

x=8
y-intercept: (0, —2)
—-4y+0=8

-5x+2y=6

x-intercept: (—g ,O]

—5x+2(0)=6
—5x=6
6
X=—=
5
y-intercept: (0, 3)
-5(0)+2y=6

18. 3y+4x=9

x-intercept: [g ,OJ
4
3(0)+4x=9
4x =9

X==
4

y-intercept: (0, 3)
3y+4(0)=9
3y=9

y=3

19. 2x-5y=4
x-intercept: (2, 0)
2x-5(0)=4

2x=4

X=2
y-intercept: (O,—%)

2(0)-5y=4

B 1Dy

107



20.

21. 2x+3y=-12

2.2 Exercises

_Gx+4y:8 22. —3X—2y:6
_ 4 x-intercept: (-2, 0)
x-intercept: [—5 ,Oj -3x-2(0)=6
—6x+4(0) =8 —3x=6
—6x=8 : x= 2
y-intercept: (0, —3)
X:_% -3(0)-2y=6
y-intercept: (0, 2)
-6(0)+4y =8
4y =8
y=2

23.

x-intercept: (-6, 0)

2x+3(0) =-12
2x=-12
X=-6
y-intercept: (0, —4)
2(0)+3y=-12
3y=-12
y=-4

108
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Chapter 2: Relations, Functions and Graphs

25.

109

26.

y —25=50x

y—25=50(-1)

y—25=-50
y=-25

y —25="50x

y—25=50(2)

y—25=50
y=75

(1,75)

y +30 = 60x
y+30=60(-1)

y+30=-60
y=-90

(-1, —90);

y +30 = 60x

y+30=60(2)

y+30=60
y=30
(1, 30)

EXREXH




2
27. y=——x-2
y 5X
x-intercept: (-5, 0)
0——£x—2
3
2=——X
5 55 2
(B
-5=x
( - 5! O)-
y-intercept: (0, —2)
2
=——(0)-2
y=-z0
y=-2
(O, _2)

-
e

110

2.2 Exercises

29. 2y-3x=0
2y-3(2)=0
2y-6=0
2y=6
y=3
(2,3);
2y—-3x=0

2y-3(4)=0
2y-12=0
2y =12
y=6

(4,6);
2y-3x=0
2y-3(0)=0
2y=0
y=0

(0,0)




Chapter 2: Relations, Functions and Graphs

30. y+3x=0

31.

y+3(-1)=0
y-3=0
y=3
(-1,3);
y+3x=0
y+31)=0
y+3=0
y=-3
1 -3);
y+3x=0
y+3(0)=0

y=0
(0,0

3y+4x=12
x-intercept: (3, 0)
3(0)+4x =12
4x =12
x=3
y-intercept: (0, 4)
3y+4(0)=12
3y=12

32. —-2x+5y=8
x-intercept: (-4, 0)
-2x+5(0)=8

-2x=8
X=-4

y-intercept: (O, gj
-2(0)+5y=8

(2,4), (1,3)
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2.2 Exercises

39. m= ===_Z

T3 (2) —3+2 -1
(-4.2).(-1-7)

41. a.
M- 500-250 =@=125
4-2 2
Cost increased $125,000 per 1000 square
feet.

b. $375,000

960-360 600
42, a m=—=——=
80-30 50
12 m® dumped per garbage truck.

12

b. 83 trucks

270-90 180

43, a. m=——"— =225
36 mo—i=/_-8_8 12-4 8

-3-0 -3 3 Distance increases 22.5 miles per hour.

b. 186 miles

44, 2. m=007150 _150_4 4
8-4 4
37.5 circuit boards are assembled per
hour.

b. 6 hours

(-6, -9), (3, 15) 45. a. m=105-142 23
70—-64 6

-8-7 -15 15 .
37. m= 1= (3) =——=—— A person weighs 23 pounds more for

each additional 6 inches in height.

L —8),(—1,—%) ”

b. - ~ 3.8 pounds
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_ 32000-10000 _ 22000 2200

15-5 10 50.
A plane climbs 2200 feet in 1 minute.

46. a. m

25400-12200 =13200
b. 13200

2200

= 6 minutes

47. Convert 48 feet to inches: 48(12) =576;

(0, —6) represents position of the sewer line
at edge of house;

(576, —18) represents position of sewer line
at the main line.

_—18—(—6)___12 1
576-0 576 48
The sewer line is one inch deeper for each

48 inches in length.

48. (0,4) represents height of 4 ft from ridge;
(12,0) represents 12 ft from ridge at height
of 0 ft.

0-4 -4 1
m=s—o—=—=—=—

12-0 12 3
The roof decreases 1 foot in height for every
3 feet in horizontal distance from the ridge.

51. x=2

49. x=-3
X+0y=-3
x+0(4)=-3
x=-3
(-3,4);
X+0y=-3
x+0(-4)=-3
X=-3
(=3, —4)
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52.

53.

54.

55.

2.2 Exercises

y=-2
Ox+y=-2
02)+y=-2
y=-2
0, =2)
Ox+y=-2
0(-2)+y=-2
=-2

0, =2)

-

L :x=2
Ly:y=4
Point of intersection: (2, 4)

Ly :x=-3
Ly:y=1
Point of intersection: (—3, 1)

a. Choose any two points (t,j).
(0,9), (10,9)
9-9 0
M=—m—m=—=
10-0 10
Which indicates there is no increase or
decrease in the number of Supreme Court
justices.
b. Choose any two points (t,n).
(0,0), (10,1)
_1-0 1
10-0 10
Which indicates that over the last 5 decades,
one non-white or non-female justice has
been added to the court every ten years.
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. Lim=

10
9
8 .
p
6
5
4
3
2
1 ..
10 20 30 40 50 60
Time ¢

56. Choose any two points (h,t).

(0,212), (5000,203)
m— 203-212 -9

~ 5000-0 5000
which indicates that the boiling point of
water decreases by 9° F for each increase in
5000 feet in altitude.

214 R RIS ST

Boiling temp °F
[
£

012345678
Altitude (1000s)

Il
Il
w

L,:m=

Parallel

Neither



59.

60.

61.

62.

63.

64.

Chapter 2: Relations, Functions and Graphs

4-1 -5 5
Lim= =—=—
-3-0 -3 3
L,:m= 4-0 _ 4 _
—4-0 -4
Neither
Lym=—22_"4__,
8-6 2
Lomo10_1
5-3 2

Perpendicular

Ll:m=7;=f=2
8-6 2
Lz:mzﬂzgzz
7— 1
Parallel
Ll:mz_l 4:—5:5
-5-4 -9 9
-7-10 -17 17
Ly:m= ==
4-8 -4 4
Neither
(5,2) (0, -3)
0-5 -5
0, -3) (4, -4)
-4-(-3) -4+3 -1
4-0 4 4
(5,2) (4, -4
-4-2 -6
m= =— =
4-5 -1

Not a right triangle. Lines are not

perpendicular. Slopes: 1; _Tl; 6

(7! 0) (_ 1! 0)
0-0

Mm=——=
-1-7

(7,0)(7,4)

m =229 Undefined
7-7

0;

Right triangle because these two lines are

perpendicular. Slopes: 0; undefined.
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65.

66.

67.

68.

(-4,3) (-7, -1)
~1-3 4 -4 4

m= = =
-7-(-4) -7+4 -3 3
(-7, -1 (3, -2)
_2-(-1) -2+1 -1,
T 3-(-7) 3+7 10°
(-4,3)(3, -2)
_2-3 -5
34 7
Not a right triangle. Lines are not

. 4 -1 -5
erpendicular. Slopes: —; —; —
perp P 3 100 7

(-3,7)(2,2)
2-7 -5 -5

m= ==
2-(3) 243 5
(2,2) (5,9)
5-2 3

m=
5-2 3

Right triangle because these two lines are

perpendicular. Slopes: —1;1

(-3,2) (-1,5)
5-2 3 3
m= = ==;
-1-(-3) -1+3 2
(~3,2) (-6,4)
4-2 2 2

m= = =
6-(3) -6+3 3

Right triangle because these two lines are

perpendicular. Slopes: g; _?2

(0,0) (-5, 2)
2.0 2 2.
-~ -5-0 -5 5’
(-5,2) (2, -5)

5-2 -7 7

m= ==
2_(-5) 245 7

(0,0) (2, -5)
-5-0 -5
m= _-
2-0 2
Not a right triangle. Lines are not
perpendicular. Slopes: —%,—1,—%



69.

70.

71.

72.

73.

2.2 Exercises

L=0.11T +74.2
a. L(20) =0.11(20) + 74.2 = 76.4 years

b. 775=0.11T +74.2

3.3=0.11T
30=T
1980 + 30 = 2010

7
| = (mj(sooow

a. 1(5) = (#j(sooox& =$1750

b. 1(10) = (ﬁj(soooxlo) = $3500

= 3500-1750 1750
10-5 5
Interest increases $350 per year.

=350

V =8500-1250y
a. V = 8500 -1250(4) = $3500

b. 2250 =8500-1250y
—6250 = -1250y
5=y
5 years

V =85+1.5y
a. vV =85+1.5(7) = $95.50

b.100=85+1.5y
15=15y
10=y
10 years

Let h represent the water level, in inches.
Let t represent the time, in months.
h =-3t+300

a. h=-3(9)+300=273in.

b. Convert feet to inches: 20(12) = 240;
240 = -3t +300
—60=-3t
20=t
20 months

74.

75.

76.

77.

Let w represent the weight of cargo, in tons.
Let m represent the gas mileage per gallon.
Find two points (w,m) from the given data:
(0,15), (3,14.25)

M= 14.25-15 — 025
3-0
m =-0.25w+15

a. m=-0.25(10)+15=12.5 mpg

b. 10=-0.25w+15

-5=-0.25w
20=w
20 tons
Slope of FM 1960: §;
12
Slope of FM 380: ﬂ;
9.5
Since 38 " 30 , the roads are not parallel
12 95

and yes, the roads will meet.

Harbor is at (0,0). The first trawler is aat
(3,12) and the second trawler is at (8, — 2).

Slope of first route: m= % =4,

Slope of second route; m = =2 = —1;

4
Yes, the routes are perpendicular.
Distance between two boats:

d =/(8-23)* +(-2-12)°
=4/221 ~14.9 miles

y =144x + 621
a. y=144(22)+621
y =3789
$3,789

b. 5250 =144x + 621
4629 =144x
3215~ x

1980 + 32 = 2012
Year 2012
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78. y=0.72x+11
a. y=0.72(12)+11
y=8.64+11
y =19.64
20%
b. 30=0.72x +11
19=0.72x

26.38 = x
1980 + 26.38 = 2006.38
During the year 2006

79. y=—%x+32

.
Ly=——-1(2 2
ay 15( 0)+3

-28
=——+32
y 3

2

=2°

y=o3
23%

b. 20:—lx+32
15

-12= L X
15

-180 =-7x

25.7 =X

1980 + 25.7 = 2005.7
During the year 2005

80. T :ﬂ+40
4

a. T(48):4T8+40:12+40=52

52°F

b. 70=—+40

sz sz

30=

120=N
120 chirps per minute
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81.

82.

83.

84.

4y +2x=-5
4y =-2x-5
yo Ly 5.
2 4
y+ax=-2
Jy=—ax-2
y—_ix_g'
37 3
2l
3 2
a_
6
a=-6
e.
t, =t +(n-1d

a. n=21t=2d=9-2=7
t,, =2+(21-1)7 =142
b. n=3Lt=7d=4-7=-3
t, = 7+(31—1)(—3) =-83
C. n=27t =510,d=525-510=0.15
t,; :5.10+(27—1)(0.15) =9
d. n=17,'[1=§,d:9 3=3
2 4 2 4
27
S 2

3L a7-n(3
ty = +(17 1)(4}

3x% —3+4x+6 = 4x> —3(x+5)
3x? +4x+3=4x% -3x-15
—x2 +7x+18=0

—(xz —7x—18):0
-(x-9)(x+2)=0

X=-20rx=9
Check:

3(-2)? -3+ 4(~2) +6 = 4(-2)? —3(-2+5)
3(4)-3-8+6=4(4)-3(3)
12-3-8+6=16-9
1=T1,
3(9)? —3+4(9) +6 = 4(9)% —3(9+5)
3(81)—3+36+6 = 4(81) — 3(14)
243-3+36+6=2324-42
282 = 282



85.

86.

2.3 Exercises

P=2L+2W

Perimeter of a rectangle;

V =LWH

Volume of a rectangular prism;
V =arh

Volume of a cylinder;

C=2m

Circumference of a circle

Let x represent the number of gallons of
35% brine solution.

Let y represent the total number of gallons
of 45% brine solution.

X+12=y
0.35x+0.55(12) = 0.45(12 + x)

0.35x +0.55(12) = 0.45(12 + X)
0.35X + 6.6 = 5.4+ 0.45x

-0.1x=-1.2
x=12
12 gallons
87.
Distance | Rate Time
Westbound | D 15 t
Boat

Eastbound | 70-D 20 t
Boat

D =15t
70-D = 20t
70-15t = 20t
70 =35t
2=t
2 hours
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2.3 Exercises

7.
L -5i03)

2. Cost; time

3. 25

4. Point-slope

5. Answers will vary.

6. Answers will vary.

7. 4x+5y=10
5y =-4x+10
y=—%x+2
X y=—%x+2
4
-5 y:—g(—5)+2:4+2:6
4 18
- =—2(-2)+2="+2="—
2 y 5( )+ +2=7
4
0 y=—§(0)+2_0+2_2
4 4 6
=—2()+2=-242==
1 y=—gW+2=-c+2=¢
4 12 2
=—2(@3)+2=-=42=-2
3 y 5()+ s
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8. 3y-2x=9
3y =2x+9
y=§x+3
X y=—x+3
-5 y=§(—5)+3_—%+3——£
2 4 5
- =2(-2)+3=—=+3==
2 y 3( s 37773
0 y:§(0)+3:0+3:3
2 2 11
==(1)+3=24+3="
1 y=3U+3=5+3==
3 y==(3)+3=2+3=5

9. -04x+0.2y=14
0.2y=0.4x+1.4
y=2x+7

-5

-2

10. -0.2x+0.7y =-2.1

0.7y=0.2x-2.1
2
=Zx-3
y=2x
2
=Zx-3
X y 7x
2 10 31
- =Z(=5)-3=—-"2_3=_2=
5 | y=2(-5) ; :
2 4 25
- =2(-2)-3=—2-3=-=
2 | y=3(2) - -
0 y=$(0)—3=0—3=—3
2 2 19
=Z@1)-3=2-3=-=
1 y=20)-3=2 =
2 6 15
=2(3)=3=—-3=—
3 y=2(0)-3=2 ;

11, Txelyo
3
1
Zy=—Zx-1
57773
=-—X-5
=73
5
X =-—Xx-5
Y773
5 25 10
-5 =—2(-5)-5=""-5=—
y=-5(5)-5=3 2
5 10 5
-2 =—2(-2)-5=="-5=-=
y=-5(2)-5-3 3
5
0 y:—g(o)—5:0— =5
5 5 20
1 ——2(1)-5=->-5=-=
y=-30 3 2
5
3 y=—§(3)—5=—5—5=—10
1
12. Zy-=x=2
=
1
—y==X+2
-y
y=—x+14
.
X =—Xx+14
Y73
7 -35 7
-5 =—(-5)+14=—"414=—
y=5(-5) 3 3
7 14 28
-2 =—(-2)+14=-T414=22
y=5(2) 2 2
0 y:%(o)+14=0+14=14
7 7 49
1 =—(1)+14=—+14=—"
y=50)+14=2 2
3 y=%(3)+14=7+14:21
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13.

14,

15.

16.

17.

2.3 Exercises

6x—-3y=9

-3y =-6x+9
y=2x-3

New Coefficient: 2

New Constant: —3

9y—-4x =18
9y =4x+18

4
=—X+2
y 9

New Coefficient: %
New Constant: 2
-0.5x-0.3y =21

~0.3y =0.5x+2.1

-5
=2x-7
Y773

New Coefficient: %5
New Constant: —7

-0.7x+0.6y=-24

0.6y=0.7x-24
7
=—x-4
y 6

New Coefficient: %

New Constant: —4

New Coefficient: —§

New Constant: —4

120

New Coefficient: %

New Constant: 2

19. y:—%x+5
X y:—%x+5
0 y——%(0)+5—0+5—5
3 y=—%(3)+5=—4+5=1
6 y:—%(6)+5:—8+5:—3
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5 2
20. y=—x+1 22. y=—x-3
y 4 y 5
5 2
X =—Xx+1 ==x-3
y 4 X y 5x
> 2
-4 y:Z(—4)+1=—5+1:—4 _5 y:g(_S)_3:_2_3:_5

121



2.3 Exercises

24, y=—%x+3

X y:—%x+3
1

-3 y——g(—3)+3—1+3—4
1

0 y=—§(0)+3=0+3=3
1

3 y=-=(3)+3=-1+3=2

25. 3x+4y=12
x-intercept: (4, 0)
3x+4(0)=12

3x=12
x=4
0-3 3

am=——=-=
4-0 4

3
b.y=——x+3
y 4

i e

y-intercept: (0, 3)
3(0)+4y =12
4y =12
y=3

c. The coefficient of x is the slope and the
constant is the y-intercept.
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26.

217.

28.

3y—2x=-6
x-intercept: (3, 0) y-intercept: (0,
3(0)-2x=-6 3y—-2(0)=-6
-2X=-6 3y=-6
X=3 y=-2
am=2"02_2
3-0 3
b.y==x-2

-2

c. The coefficient of x is the slope and the

constant is the y-intercept.

2x-5y =10
x-intercept: (5, 0) y-intercept: (0,
2x—5(0) =10 2(0)-5y =10
2x=10 -5y =10
x=5 y=-2
amo 0D 2
5-0 5
b.y==x-2

-2

c. The coefficient of x is the slope and the

constant is the y-intercept.

2x+3y =9
X-intercept: (%oj y-intercept: (0, 3)
2x+3(0)=9 2(0)+3y =9
2x=9 3y=9
x=2 y=3
2
am=2-3_=8_6_2
9, 9 9 3
2 2
2
b.y=——x+3
y 3

c. The coefficient of x is the slope and the

constant is the y-intercept.
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29. 4x-5y=-15

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

4x—5(0) =-15
4x =-15
15
T4
4(0)-5y=-15
—-5y=-15
y=3
am=03 _=3_12_4
15 715 15
4 4
4
b.y—§x+3

c. The coefficient of x is the slope and the

constant is the y-intercept.

30. 5y+6x=-25

X-intercept: (—%,Oj y-intercept: (0, —5)

5(0) + 6x = -25
6x =—-25
25
X=——
6
5y +6(0) =25
5y =-25
y=-5
a rn_0—(—5) 5 30_ 6
225, 2
6 6
b.y=-——x-5

c. The coefficient of x is the slope and the

constant is the y-intercept.

31. 2x+3y=6
3y=-2x+6
2
=——X+2
Y 3

m= —%; y-intercept (0, 2)

32. 4y-3x=12
4y =3x+12

3
=—X+3
y 4

m= % ; y-intercept (0, 3)

33. 5x+4y=20
4y =-5x+20
5
=——X+5
y 4

m= —%; y-intercept (0, 5)

34. y+2x=4
y=-2X+4
m = — 2; y-intercept (0, 4)

35. x=3y

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

36. 2x=-5y
y=-2x
5

m= —%; y-intercept (0, 0)

37. 3x+4y-12=0

4y = -3x+12
3

=——Xx+3
y 4

m= —% ; y-intercept (0, 3)

38. 5y-3x+20=0
5y =3x-20

3
=—x-4
Y 5

m= %; y-intercept (0, -4)



39.

40.

41.

42,

43.

44,

45,

46.

m=

w|N

; y-intercept (0, 1)
y=mx+b

2
=—x+1
=3

m= _é; y-intercept (0, 3)
y=mx+b

2
=——X+3
=73

m = 3; y-intercept (0, 3)
y=mx-+b
y=3x+3

m =-2; y-intercept (0, —3)
y=mx-+b
y=-2x-3

m =3; y-intercept (0, 2)
y=mx+b

y=3x+2

m= —g; y-intercept (07 _4)
y=mx+b

3
y= _E X—4
m = 250; (14, 4000)
y—y1=m(x-x)

y —4000 = 250(x —14)
y — 4000 = 250x — 3500

y = 250x + 500
f (x) =250x+500

m = -100; (7, 1200)
y-y1=m(x-x)
y —1200 = -100(x - 7)
y —1200 = —100x + 700
y =—100x +1900
f (x) =-100x +1900

2.3 Exercises

47 m= 7—; : (24,1050)

y—yy =m(x—x)
y—1050:7—25(x—24)

y_105027—25x—900

y:7—25x+150

f(X):?X-FlSO

48. m= -4;(-3,2)
y—y1 =m(x—x)
y—2=-4(x+3)
y—2=-4x-12

y =—-4x-10

49. m=2; (5, -3)
Y-y =m(x=x)
y+3=2(x-5)
y+3=2x-10
y =2x-13

50. m= —g; (-4,7)

y-y1=m(x-x)
y_7:—§(x+®
2
3
—7=—-=x-6
y 2
3
=——x+1
=73
51. 3x+5y=20
5y =-3x+20
3
=——X+4
=735
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2
52. 55. y=§x+3
2. .
m= E;y—lntercept 0, 3)

9 :"'

5] .2.4.6 810,

: E O :

5

-3y =-2x+15
y ) ng;y-intercept(o, -1)
y=—X-5

57. y=—%x+2

54, -3x+2y=4
2y =3x+4 m= %1 ; y-intercept (0, 2)

3
=—X+2
y 2

L
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2.3 Exercises

4 1
58. y=——x+2 61. f(x)==x-3
y=-% (x) >

1 .
m= —%; y-intercept (0, 2) ms=- y-intercept (0, —3)

L e

59. y=2x-5
m = 2; y-intercept (0, —5)
| ¥

62. f(x):—gx+2

m= —%; y-intercept (0, 2)

L

60. y=-3x+4
m = —3; y-intercept (0, 4)
LV 63. 2x-5y=10
-5y =-2x+10
2

=—X-2
y 5
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64. 6x+9y=27
9y =-6x+27
2
=——X+3
y 3

_ 2., 4 k.
m= 3,( 3, -5);

65. 5y-3x=9

66. x—4y=7
-4y =—-x+7
yoLy T
4 4
m=—-4;(-5,3)

y—y1 =m(x—x;)

y—3=—-4(x+5)
y-3=-4x-20
y =-4x-17

67.

68.

69.

70.

127
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12x+5y =65
5y =-12x+65
12
=——Xx+13
Y 5
12

m= _?;(_2' -1)

y—y1=m(x-x)
y+1:—%(x+2)

15y -8x =50
15y =8x+50
8 10

y 15 3

8
m=—;(3, -4
15( )

y = -3 has slope of zero.

Slope of any line parallel to this line has the
same slope, 0.

y=mx-+b

5=0(2)+b

5=b;

y=0x+5

y=5

y = -3 has slope of zero.

Slope of any line perpendicular to this line
has an undefined slope. Thus, it is a vertical
line. Equation of the vertical line passing
through (2, 5): x=2



71. 4y—-5x=8
4y =5x+8
5
=—X+2;
y 4
5y+4x=-15
5y =-4x-15
4
=——x-3
y 5
perpendicular
72. 3y—-2x=6
3y=2x+6
2
=—X+2;
y 3
—2X+3y=-3
3y=2x-3
2
=—x-1
Y 3
parallel
73. 2x-5y=20
-5y =-2x+20
2
=—X-4
y 5
4x -3y =18
-3y =-4x+18
4
=—X-6
Y 3
Neither

74. 5y =11x+135

11
=—=X+27,
y 5
11y +5x =-77
11y = -5x-77
5
=——X-7
y 11

Perpendicular; slopes are opposite

reciprocals.

2.3 Exercises

75.

76.

77.

128

—4x+6y=12
6y =4x+12
2
=—X+2
Y 3
2x+3y =6
3y=-2x+6
2
=——X+2
y 3
Neither
3x+4y =12
4y = -3x+12
3
=——X+3
y 4
6x+8y =2
8y =—-6x+2

o 3L
4 4

Parallel; slopes are the same.

(0.1),(4-2)
S_—2-1_ 3
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129

b.

y—(-2)=2(x-0)
y+2=2X
y=2x-2

82. (-3,5),(2,0)

b.

0-5 -5
2-(-3) 5
y—3=-1(x-1)
y-3=-1x+1
y=-Xx+4

y—3=1(x-1)
y-3=x-1
y=X+2



2.3 Exercises

83. m=2; P, =(2,-5) 85. P,(3,-4),P,(11,-1)
y—yr =m(x—x) S _oo(4) 3.
y+5=2(x-2) -~ 11-3 8’
y+5=2x-4 y—y, =m(x—-x)

=2x-9 3
’ y=(-4)= (-9
3 9
4="x-2
Y =8""%
y_E 4
8 8

84. m=-1; P =(2,-3)
y—yr=m(x—x)
y+3=-1(x-2)
y+3=—X+2
y=-x-1
f(x)=-x-1

T168-6-42,] 23 6Rg0x

130
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87. m=0.5; P =(1.8-3.1)
y—yp=m(x—x)
y+3.1=0.5(x-1.8)
y+3.1=0.5x-0.9

y=05x-4

88. m=15; P, =(-0.75,-0.125)
y—y1 =m(x—x)
y+0.125 =1.5(x +0.75)
y+0.125=1.5x+1.125

y=15x+1
o _1'I

89.

Y=Y =m(x—x1)
y—2=%(x—4)

For each 5000 additional sales, income rises
$6000.
90. m= —%; (3,9
Y-y, = m(x— Xl)
3
-9=——(x-3
y > (x=3)

Every two years, 30,000 typewriters are no
longer in service.

131

91. m=-20; (0.5, 100)
y=Y, =m(x-x)
y—100 = -20(x—0.5)
For every hour of television, a student’s
final grade falls 20%.

3
92. =—:(2,3
m 7( )
y_ylzm(x_xl)
3
-3==(x-2
y-3=-(x-2)

Every 7000 investors increases the number
of online brokerage houses by 3.

93. m= 375; (0.5, 10)
Y-y = m(x—xl)
y—10=3—25(x—0.5)

Every 2 inches of rainfall increases the
number of cattle raised per acre by 35.

2
94. m= —; (60,2
m 5( )
y_y]_:m(x_xl)
2
-2=—(x-60
y-2=(x-60)

For every 5° rise in temperature, there are 2
additional eggs per hen per week.

95. C
96. H
97. A
98. F
99. B
100.G
101.D

102.E



103.ax+hby =c
by =-ax+c
y=-3x+5;
b b

a . c
Slope ——, y-intercept | 0,—
p b y p [ bj

a. 3x+4y =8

2x+5y =10

2 5
10 10 10
5 + l — l
5 2
x-intercept: (5, 0)
y-intercept: (0, 2)

104.a.

p 3x-4y=-12

3 4 -12
X— y=
-12 -12 -12
L + l — 1
-4 3
x-intercept: (-4, 0)
y-intercept: (0, 3)

2.3 Exercises

132

105.a.

x-intercept: (% ,Oj
y-intercept: (0, 2)

Slope m is always equal to __hk .

As the temperature increases 5°C, the
velocity of sound waves increases 3
m/s. At a temperature of 0°C, the
velocity is 331 m/s.

b. V(20) = g(zo)+ 331=343m/s

C. 361:%C +331

30:§C
5

50=C
50°C

106.a. Every 5 seconds the velocity is

increasing 26 ft/sec. The initial velocity
is 60 ft/sec.

b.v(9.4) = 2—56(9.4)+ 60 = 108.88 ft/sec

c. 100:% +60

028
5

7.7~t
Approximately 7.7 seconds
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107.0 m= 12010 _40_20
6-0 6 3

V(t):2—3?t+150

b. Every three years, the coin increased in

value by $20. The initial value was
$150.

1150018500 7000
2-0 2
V (t) = —3500t +18500

108.a. m= =-3500

b. Every year the equipment decreases in
value by $3500. Its initial value was
$18500.

C.  V(4)=-3500(4)+18500 = $4500

d. 6000 =-3500t +18500
—12500 = -3500t
3.6=t
About 3.6 yr

e. 1000 =-3500t +18500
—17000 = —-3500t

5~t
About 5 yr
109.a. mzi:£:7
2001-1995 6
N{t)=7t+9

b.Every 1 year, the number of homes
hooked to the internet increases by 7
million.

c.0=7t+9
-9="Tt
94
7
-1.29=t
1.29 years prior to 1995 is 1993.

133

146-72 E:14.8

2000-1995 5
N(t) = 14.8t + 72

110.a. m=

b. Every 1 year, sales increase by $14.8
billion dollars.

c. 250=14.8t+72
178 =14.8t

12.03 =t
12.03 years after 1995 is 2007.

1320000 — 740000
111m=
20001990
~ 580000

=58000

P(t) = 58000t -+ 740000

Grows 58,000 every year.
P(17) = 58000(17)+ 740000 = 1726000

_ 170-143 27
2000-1990 10
M (t) = 2.7t +143

112.a. m

b. Every year, the number of restaurant
meals increases by about 3 meals.
c. M(16) = 2.7(16)+143=186.2

About 186 meals per year.
113.Answers will vary.

114.Graph 1:
Graph 2:
Graph 3:
Graph 4:
Graph 5:
Graph 6:

ITMwWwOX>»O0



2.3 Exercises

115.a. ax+by=c
Find x-intercept by letting y = 0.

ax+b(0)=c

X=—
a

)
a
Find y-intercept by letting x = 0.
a(0)+by=c

c

The intercept method works most

efficiently when a and b are factors of c.

b. Solve ax+by=c fory.

ax+hby=c

by =-ax+c

y=-3x+3;
b b

a . c
m=——;y—intercept | 0,—
b y p ( bj

The slope-intercet method works most
efficiently when b is a factor of c.

116.a. y =~+/2x-5
2x-520
2x>5

h.y=——-——
y 2x* +3x-2

2x2 +3x-2=0
2x-D)(x+2)=0

134

117.3x% -10x =9
3x2-10-9=0
. 10++/(-10)2 - 4(3)(-9)
2(3)

. 10:+4100+108

Xx~4.070rx~-0.74

118.2(x-5)+13-1=9-7+2x
2x-10+13-1=2+2x
2X+2=2+2X
Identity;
2(x—4)+13-1=9+7-2x
2x—-8+13-1=16-2x
2X+4=16-2x
4x =12
x=3
Has a solution; x = 3;
2(x-5)+13-1=9+7+2x
2x-10+13-1=16+2x

2X+2=16+2X
Contradiction

119. A= ar?
Larger circle: Smaller Circle
A= (10)° A= (8)
A=100x A=64rx

1007 — 647 = 367 ~113.10 yds®
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2.4 Exercises

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

First

Domain; exactly one
Range

f(3)= -5

Answers will vary.
Answers will vary.
Function

Function

Not a function. The Shaq is paired with two
heights.

Not a function. Canada is paired with 2
languages and Brazil is paired with 2.

Not a function, 4 is paired with 2 and —5.
Not a function, —5 is paired with 3 and 7.
Function

Function

Function

Function

Not a function, —2 is paired with 3 and —4.
Not a function, 3 is paired with 3 and —2.
Function

Function

Function

Function

135

23

24

25

26

27

28

29

30

. Not a function, 0 is paired with 4 and —4.

3L

. Not a function, 2 is paired with —2 and 2.
. Function
. Function
. Not a function, 5 is paired with -1 and 1.
. Not a function, 0 is paired with 4 and —4.
. Function
. Function

X y=X

2 | y=-2

1 | y=-1

0 y=0

1 y=1

2 y=2

(.2.4.6.810x

Function



32.

oo
Il

|
N

[REN
I
[
[REN

< K IKIKIK I

2.4 Exercises

34.

x=|y-2|

2=y-2|
y-2=20ry-2=-2
y=4 ory=0

1=]y-2|
y-2=1lory—-2=-1
y=3 ory=1

0=|y-2|
0 y—-2=0
y=2

Function

Not a Function

35. Function; x [-4,-5] ye[-23]

36. Function; x e [~4,) ye(-wx,5]

37. Function; x €[-4,0) ye[-4,)

38. Not a Function; x [0,3] y e[-4,4]
39. Function; x e[-4,4] ye[-5-1]

40. Function; x & (—o0,00) y e (~o0,®)

A.2.3 x 41. Function; x & (~o,00) ye(-o,»)

|
1
|
. . . . I + * .

Do I NGV
S WYY

42. Not a function; XE[—3,4] ye[—3,4]

Function
43. Not a function; x e[-35] ye[-33]

136



44,

45,

46.

47.

48.

49,

50.

51.

Chapter 2: Relations, Functions and Graphs

Function; x € (-w,) ye[-3,»)
Not a function; x € (—0,3] y (-, ®)

Function; x e [-4,x) ye[0,x)

x=-3
Xe (—oo,—3)u(—3, oo)

h(a) =+/3a+5
3a+5>0
3a>-5

5
az—-—

3

p(a) =+/5a-2
5a-22>0
5a>2

2
az—

fi

X+2
v(x) =
) x? =25

X2 -25=0
x% =25
Xx=15
x € (=o0,-5)U(-5,5)U (5, )

137

52.

53.

54.

55.

56.

57.

58.

59.

60.

X—4
x> =49
x2-49=0
x% =49
X==7
x € (—o0,~7)u(=7,7)u(7,)

w(x) =

v-5
v©-18
v2-18=0
vZ =18
v=i3\/5
vel-o-3v2)ul-3v2,3v2)u (32, =)

U=

o q+7
Cg%-12
q2-12=0
q2 =12
q=12V3
qel-o-2v3)u(-243.243)u(243, )

y=£x+123
25

p

Xe (—oo, oo)

11
=—x-89
y 19

Xe (—oo, oo)

m=n2 -3n-10
ne(—oo,oo)

s=t%2-3t-10
te(—oo,oo)

y=2x+1

Xe (—oo, oo)

y=[x-2+3
X & (~o0,0)



61.

62.

63.

64.

65.

2.4 Exercises

__x

x% -3x-10

x2 —3x-10=0
(x=5)x+2)=0
x=50rx=-2

Xe (—oo,—Z)u(—2,5)u(5, oo)

Y1 =

_ X—4

x? +2x-15
x? +2x-15=0
(x+5)x-3)=0
Xx=-50rx=3
x & (—0,-5)U(-5,3)U(3,)

Y2

X—2
Since the radicand must be non-negative,

solve the inequality: % >0,x#2
X —
Use test points to each side of 2.

If x=0, >
0-2

> 0 false

Ifx:S,LZOtrue
3-2

Domain: x & (2,)

138

66.

67.

68.

69.

70.

—4
X)=,|—
9(x) ./3_ <
Since the radicand must be non-negative,
solve the inequality: 3_—4 >0,x#3
—X

Use test points to each side of 3.

If x =0,_—420 false
3-0

Ifx=4,_—4420 true

Domain: x & (3,%)

-2

b+ X

Since the radicand must be non-negative and
the denominator cannot equal zero, solve the

inequality: 4+ x>0,Xx>—4.

h(x) =

Domain: X € (—4,00)

p(x) = —
VB —Xx
Since the radicand must be non-negative and
the denominator cannot equal zero, solve the
5-x>0

inequality: —x > -5 .
x<5
Domain: x € (-x,5)

1
f(x)==x+3
(X) 5

f(—6)=%(—6)+3:—3+3:0;

(3)21(2),523 515,
2 2\ 2 4 4

f(20)=%(20)+3=c+3

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

f (-6) :%(-6)-5:-4-5:-9 ;

HE R

2 4
f(2c)=—(2c)-5=—c-5
(2c) 3( ) 3



71.

72.

73.

74.

Chapter 2: Relations, Functions and Graphs

f(x):3x2—4x

f (—6) = 3(~6)? —4(—6) =108+ 24 =132;

(BHE -

4 4

f (20) = 3(2¢)? — 4(2¢) = 3l4c? )-8c

=12¢®-8c

f(x) =2x° +3x

f (-6) = 2(~6)* +3(-6) = 2(36) —18

=72-18 =54,

ERORCRD!

f(20) = 2(2¢)? +3(2c) = 2[4c? )+ 6c

=8c® +6¢

h(x) =

h(3) =

75.

76.

77.

78.

79.

139

h(x) =

h(3) =

53a] 15| 5|
hGa)=——=——=—;
3a 3a a

-5ifa<0;5ifa>0

h(3a):ﬂzﬂ)|a|:ﬂ;
3a 3a a

-4ifa<0;4ifa>0

g(r)=2mar

9(0.4)=27(0.4)=0.87

{3)-o(2)-
4 4



80.

81.

82.

83.

2.4 Exercises

9(r)=rh
9(0.4)= 7(0.4)>h =0.167 ;
9 9y, 81,
g ﬂ:”ﬂ T
g(h)=7(h)*h = zn®
p(x)=+/2x+3
p(0.5)=/2(05)+3 =\1+3 =4 =2;
9 9 B J__
p(z 22 +3= —+ e
p(a)=+2(a)+3 =+2a+3
p(x)_\/4x—1
p(0.5 ¢4(05) 1=v2-1=41=1;
9
o 3)- (43 -1- o= -2z
n(a)=+/4(a)-1=+/4a-1
p(X)=3X;_5
3(0.5)2-5 3(0.25)-5
pl0:5)= (052 025
_0.75-5_-425
025 025
9)2 81
p@@ s {2
4 9)2 81
5w
243 163
_16  _ 16 _163
81 81 81’
6 16
_3()’-5 3a’-5
p(a)= i =

140

84.

85.

86.

87.

88.

89.

90.

2
p(X): 2X°+3

XZ

- 2(0.5)* +3 _ 2(0.25)+3
(05)2 0.25

_05+3 35

© 025 0.25

p(0.5

81 3 105
B8 8 20 70
-~ 8L 8l 81 27
16 16
Io(a)_Z(a)2+3 2a° +3
(a)Z a2

a.D:{-1,0,1,23, 64,5}
b.R:{-2,-1,0,1,2, 3,4}
c.f2)=1
d. f(-)=4
a.D:{-5 -4, -3, -2,-1,0,1,2,3,4,5}
b.R:{-1,0,1,2, 3, 4,5}
c.f(2)=0
d. f(-3)=3,f(5)=3
a. xe[-5,5]
b. ye[-3,4]
c.f2)=-2
dwheny=1,x=0andx = —4.
a. xe[-3,5]
b. ye[-4,5]
c.f(2)=-4
d.wheny= -3, x=1andx=3.
a. Xe[-3,0)
b. ye(-x,4]
c.f2)=2
dwheny=2,x=2andx= -2
a. xe[-5,)
b. y €[-2,0)
c.f2)=-2

dwheny= -1 x=1andx=3



91

92.

93.

Chapter 2: Relations, Functions and Graphs

W (H) :% H -151
9
a. W (75) = (75)-151=1865 Ib

b. W (72) :%(72)-151:173 Ib
210-173=2371b

5
C==(F-32
° (F-22)

5 5 .
.C=2(41-32)=2(9)=
a.C 9( 3)9(9)5c

5
b.C==(F-32
*(F-22)

gC=F—32
5

Sciz-F
5

9
—5)+32=F
(5)+

9+32=F

41=F
They are the same result.

A-lpii-a
2

PQR
P(-3,1),Q(3,9),R(7,6)
9-1

4
=—X+5

Y 3

(0,5) lies on PQ;

Lattice points are points that join vertical

and horizontal grids in a Cartesian
coordinate system.
There are four lattice points on the

boundary; three vertices and point (0,5), thus
B = 8. There are 24 lattice points in the

interior of the triangle, thus | = 24.

A= %(8)+ 22 —1=25 units®
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94. a. N(g)=23g

95

96.

97.

98.

99.

o

a.

a.

a.

. g €[0,5];

g €[0,15]; N €[0,345]
N(g)=2.5g

N e[0,12.5]

. Del0,0)

.V (6.25) = (6.25)° ~ 244 units®
. V(2x2)= (2x2)3 =8x8

. De0,)

.V(7.5)=1007(7.5)= 7507

.V [Ej =100z (Ej =800 cm?®
T T

c(t) =12.50t +19.50

. ¢(3.5) =12.50(3.5) +19.50 = $63.25

. 119.75=12.50t +19.50

100.25 =12.50t
8 hr~t

.150=12.50t +19.50

130.5=12.50t

10.44 hr=t
t €[0,10.44]; c €[0,150]

c(t) = 42.50t +50

. ¢(2.5) = 42.50(2.5) + 50 = $156.25

. 262.50 = 42.50t +50

212.50 = 42.50t
5hr=t

. 500 =42.50t +50

450 = 42.50t

10.6 hr~t
t €[0,10.6]; ¢ e[0,500]



2.4 Exercises

100.a. Yes.
Each “x” is paired with exactly one “y”.

b. 9 pP.M.
c. 31m
2
d.5pP.M. and 1 AM.

101.a. Yes.
Each “x” is paired with exactly one “y”.

b. 10 P.Mm.
c.09m

d.7pP.M.and 1 AM.

102.a. Use (25,900) and (29,1100) for the 25"
to 29" .
The average weight of change:
Oweight 1100-900 50 N
- = =—; Positive;
Otime 29-25 1
50 grams are gained each week.

b. Use (32,1600) and (36,2600) for the
32" to 36™.
The average weight of change:

Oweight _ 2600-1600 250

Dtime 36-32 1
The weight gain is five times greater in
the later weeks.

103.a.  Average rate of change from 1920 to
1940, use (20,3.2) and (40,2.2).
O fEI.’tI|Ity _ 2.2-3.2 _ _i; Negative:
Otime 40-20 20
Fertility is decreasing by one child
every 20 years.

b. Average rate of change from 1940 to
1950, use (40,2.2).and (50,3.0).
0 fEI-’tI|Ity _ 3.0-22 :%; Positive:
Otime 50-40 10
Fertility is increasing by less than one
child every 10 years.

c. from 1980 to 1990, use (80,1.8).and
(90,2.0).
O fEI.’tI|Ity _ 20-1.8 :E; The
Otime 90-80 10
fertility rate was increasing four times
as fast from 1940 to 1950.

142

104.a. Father, 70 seconds

b. 50 meters
c. ~ 40 seconds

d. 3 times since the graphs intersect three
times.

105.The y-values of the negative x integers

would become positive.
All points would be in Quadrants | and III.
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36 _38_3
-5-2 -7 7
-4-4 -8 8
m=———=—=—

0-9 -9 9
The line through (0, —4) and (9, 4) has a
steeper slope.

- Icih_g__@f;__& 109.a. v/24 + 654 — /6

et =26 +6-3/6 -6
=26 +18V6 -6
=196

b. (2++3)2-3)
=4-23+23-3

=1

106.Negative outputs become positive. 108.m =

110. x% —4x+1=0
4xy(-4P -4

2(0)
X:4J_r\/16—4
1078 y=X=2 2 2
X+2 4i\/ﬁ
Domain: x & (—o0,-2)uU(-2,); X = >
X—3 4+2J§
2)y=(x+2)[ — 4+
(xr2)y=(xr2) 23 —
Xy+2y=x-3 X=2J_r\/§
Xy—x=-2y-3
x(y-1)=-2y-3 111.a x3 -3x? —25x+75
X=i_13=21y+3.y¢1 =(x3—3x2)—(25x—75)
' ’ = x%(x—3)-25(x-3)

Range: y & (—,1)U(L )

(x —C-’))(x2 - 25)
(x=3)(x-5)x+5)

b. y=x*-3
Domain: xell ;

y=x’—3 b. 2x2 —13x—24 = (2x+3)(x-8)

y+3=x°
+Jy+3=x;
y+320

y>-3
Range: y €[-3,%)

c. 8% —125= (2x—5){4x2 +10x+ 25)

143



Mid-Chapter Check

Chapter 2 Mid-Chapter Check 5. x=-3; not a function. Input -3 is paired
with more than one output.
1. 4x-3y=12 4
-3y =-4x+12 6. m= -3 ; y-intercept (0, 4)

y= —% X+4; is a function. Each input is
paired with only one output.
7. ah2=0

b. xe[-35]

c. x=-1whenh(x) = -3

814

C : d. ye[-45]

8. Rate of change from x = 1to x = 2 is larger.

It is steeper.
2. (-3,8)and (4,-10)

_-10-8 _-18 3
4-(=3) 7 9. m:Z,(l, 2)
(2) y—y1=m(x—x)
-05-(-2) 15 3
3. =——— 2 =""=215; —2=2(x-
2003-2002 1 y-2=7(x-1)
Positive, loss is decreasing, profit is 3 3
increasing. y-2 iy
Data.com’s loss decreases by 1.5 million 3 5
dollars per year. =Zx+2
y 4 4
3 5
4. F(p) =7 p+7

For every 4000 pheasants, the fox
population increases by 300.

F(20) :%(20)+% =15+1.25=16.25

Fox population is 1625 when the pheasant
population is 20,000.

10. a.D={-3,-2,-1,0,1, 2,3,
R={-3,-2,-1,0,1,2,3,
b. x e [-3,4]
ye[-34]

4}
4}

C. X € (—o0,0)
y € (—OO, OO)

144
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Chapter 2 Reinforcing
Basic Concepts

1. P (05); P,(6,7)

7-5 2 1. .
— =—; increasing
6 3

c =—X+5
y 3
1
d =—X+5
y 3
1
-——X+y=5
3 y
x—-3y=-15
e. x-intercept: (— 15, 0) y-intercept: (0, 5)
x=3(0)=-15 0-3y=-15
x=-15 -3y=-15
y=5
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2.

P1(3,2) P,(0,9)

9-2 7 7 .
a. m=——=—=—— decreasing
0-3 -3 3

7
b, y—9=—(x—0
y 3(X )

Tx+3y=27

e. x-intercept: (goj y-intercept: (0, 9)

7x+3(0) =27
27

X=—
7

7(0)+3y =27
3y =27




Reinforcing Basic Concepts

P.(32); P,(9,5) 4. P (-5-4);P,(32)
5-2 3 1 . . 2-(-4) 6 3 . .
a. m=——=—== increasing a. M=———>==—=—/Increasing
9-3 6 2 3-(-5) 8 4
1 3
b.y—2=5(x—3) b. y+4=2(x+5)
4
C.y-2=_—X-— c. y+4:§x+%
3 1
y==X+= ==X-=
y 4 4
1 1 3 1
dy=—x+= =—X-=
Y= ¢y=%7
—1x+y—— 3
2 2T,
Xx—2y=-1 3x—4y=1

e. x-intercept: (-1, 0) y-intercept: (Olj 1
2 e. x-intercept: [g,oj

x—2(0)=-1 0-2y=-1
x=-1

y-intercept: (0,—%)

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

X==
3

3(0)-4y =1
-4y =1

[ 23681, yo1L
L i 4
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Pl (_2!5) ; PZ (6!_1)

-1-5 -6 3 .
a.m= =572 ; decreasing

3.3
cy—5_—zx—5
y:_gx+_

4 2

7
dy———x+5
gx+y:_
4 2
3x+4y=14

e. x-intercept: (% ,Oj y-intercept: (0, %)

3x+4(0)=14
3x=14

14

X="—

3(0) +4y =14
4y =14

y-!
2
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6.

Pl (2’_7) ) PZ (_81_2)

2-(-7) 5 1
ams——2=" ="~
—8-2 -10 2

decreasing

b. y+7:—%(x—2)

1
C.y+7=——x+1
y 2

1
=—Zx-6
Y773

1
dy=-—x-6
y 2

1
—X+y=-6
> y

X+2y=-12

e. x-intercept:(—12, 0) y-intercept: (0, —6)

x+2(0)=-12 0+2y=-12
x=-12 y=-6

L ¥




2.5 Exercises

2.5 Technology Highlight 8.

Exercise 1: x~-2.87, x ~0.87,
min:y=-7 at (-1,-7), no max
Exercise 2: x ~-1.88, X ~ 0.35, x #1.53,

max:y=3at (-13), min:y=-1at (1,-1)
Exercise 3: x~1.35, X ~ 6.65,
min:y=-7 at (4,-7), no max
Exercise 4: x=-2,x=2,
min:y =0 at (2,0),
max : y ~ 9.48 at (—0.67,9.48)
Exercise 5: x=-2,x=0, x = 2.41,
min:y=-3.20 at (-1.47,-3.20),

9. f(x)=-7x+3x*+5

min:y ~-9.51 at (1.67,-9.51), f(k)= —7|k|+3(k)2 +5;
max:y =0t (0.0) f (—k) = —7|k|+3(k)* +5
Exercise 6: x=-4,x =0, , .
min: y = —3.08 at (~2.67,~3.08) =—T7|k[+3(k)" +5= f(k);
Even

2.5 Exercises

10. p(x)=2x*—6x+1

1. Linear; bounce p(k)=2(k)" —6(k)+1

) v odd oric =2k* -6k +1;

. Even; y; odd; origin p(—k):2(—k)4—6(—k)+1
=2k* +6k +1

3. Increasin
’ p(k)= p(=k); Not even

4. Maximum

14 2
5. Answers will vary. 11. g(X)=§X -5x° +1

6. Answers will vary. g(k)= %(k)4 -5k +1

148



Chapter 2: Relations, Functions and Graphs

16. g(x):%x3 —6x

glk) =5 (f - (k)

:E—Gk;
2
» ge?:§e0%jew
= —k?+6k = —(%—GKJ;
(k)= -g(k)
Odd

17. p(x)=3x3-5x2 +1
pl(k)=3(k)* ~5(k)* +1
=3k3-5k% +1
p(-k)=3(~k)* -5(-k) +1
=-3k®-5k*+1
p(k)= —p(k); Not Odd

18. q(x)= N

19. w(x)=x>-x?

=—x®—x?; neither

20. q(x)= %xz +3|X]
3
q(-x)= Z(—x)2 +3|-X]

= Ex2 +3|x| : even
4
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21.

22.

23.

24.

25.

26.

20. p(x) = ZW—%X?’

p(—x) =240 ~ 7 (-

:_x&+%ﬁ:>(x&—%f}om

g(x)=x>+7x
9(—x) = (-x)* +7(-x)
=X —Tx= —(x3 +7x) ; odd

v(x)=x+3|x|
v(=x) = (-x)° +3|-X]

=—x*+3|x|; neither

f(x)=x"+7x*-30
f(=x)=(-x)*+7(-x)* -30

=x*+7x*-30; even

f(x)=x"-3x*-x+3

Verify Zeros: Let f (x) =0
0=x*(x=3)—(x-3)
0=(x=3)(x*-1)
0=(x-3)(x+1(x-1)

Zeros: (-1,0),(1,0),(3,0)
Forf(x)>0, xe[-11] [3 =)

f(x)=x*-2x*-4x+8

Verify Zeros: Letf (x) =0
0=x*-2x*-4x+8
0=x*(x=2)-4(x-2)
0=(x-2)(x*-4)
0=(x=-2)(x=2)(x+2)

Zeros: (—2,0),(2,0)
Forf(x)>0, xe(-2,2)u(2,)

2.5 Exercises
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27.

28.

29.

30.

3L

32.

33.

34.

35.

f(x)=x"-2x*+1

Verify Zeros: Let f (x) =0
0=x"-2x*+1
0=(x*-D(x* -1
0=(x+)(x-D(x+D(x-1)
Zeros: (-1,0),(1,0)

Forf(x) >0, x & (~o0,~1)u(-11)U(L, )

f(x)=x°+2x*-4x-8
Verify Zeros: Letf (x) =0
0=x*+2x*-4x-8
0=x*(x+2)-4(x+2)
0=(x+2)(x*-4)
0=(X+2)(x+2)(x-2)

Zeros: (-2,0),(2,0)
Forf(x)>0, xe{-2}u[2,»)

p(x)zi/ﬁ—l
p(x)=0 for xe[2,0)

q(x)=ﬁ—2

q(x)>0 for xe(3,)

f(x):(x—1)3—1
f(x)<0 for xe(-wx,2]

g(x) =—(x+1)3 -1
g(x)<0 for xe(-2,)

f(x) ™ (-31)u(4,6)
f(x): (-0,-3),(1,4)

Constant : None
H(x) T:xe(-2,0)u(4,5)

H (x) d: x € (—o0,-2)
Constant: H(x) =-1:x(0,4)

f(x)1:(14)
f(x)d: (-2,1)u (4, )
Constant: (~o0,~2)



36.

37. p

38.

39.

40.

41,

42,

Chapter 2: Relations, Functions and Graphs

g(x)1:(0,3)u(5,9)
g(x)4:(35)u(9,)

Constant: None

q(x)=-3/x+1
q(x) ™ None
g(x)¥: x e (o0, 0)

b. up, down

down, up

H(x)=-5x—2/+5
a. Xe(—oo,oo)
y € (-,5]

b. (1,0),(3,0)
c.H(x)>0:xeL3]
H(x)<0:xe(-0l]u[3,»)
d.H(x) T xe(-»,2)

()»l«.Xe(Z,oo)

e.local maximum:y =2 at (2, 5)

)@5@@@
0:xe[-35,0]uU[3.5,)

(_) Xe(—oo—35] [0,3.5]
~2)u(2,)
()Lxe( ,)

e.local maximum: y =3 at (-2, 3)
local minimum: y =-3 at (2, -3)
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44,

45.

46.

g(x)¥:x e (1,5)
e.local maximum: y =6 at (1,6)
local minimum: y =0 at (5, 0)

y=Y:

a.  xe[-4,0)
y € (—0,3]

b. (-4,0),(2,0)

.Y, >0:xe[-42]
Y, <0:xe(2,0)
d.Y; Txe(-4,-2)
Yy dixe(-2,0)

e.local maximum: y =3 at (-2, 3);

y=Y,

a. Xe(—oo,oo)
y (3]

b. (0,0), (2, 0)

c.Y, >0:x€[0,2]

Y, <0:xe(~0,0]u[2,x)
d.Y, Txe(-o1)
Y, dixe(lw)

e.local maximum: y =3 at (1, 3)

y=9(x)

a. Xe (—00,5]
y €(-,5]

b. x=-5-31

c. g(x)=0:xe[-5-3]U[L5];
g(x) <0:xe(-0,-5]U[-31]

d. g(x)Txe(-0,-4)U(-12)U(4,5

g(x)d:xe(-4,-1)u(2,4)

e.Local max: y=3 at (-4, 3), y=4 at (2,

4),



47,

48.

2.5 Exercises

Local min: y=-4 at(-1,-4), y=1 at (4,
1),

p(x):(x+3)3+1

a. xell,yel

b. x=-4
p(x)=0:xe[-4,0);
P(X) <0: X e (—0,—4]

d. p(x) Tixe(-0,-3)U(-3,»)
p(x) ¥: never decreasing

e.Local max: none
Local min: none

q(x)=|x-5/+3
a. Xe(—oo,oo)
ye[3,oo)
. none
C. q(x)=0:xe(—o,®); q(x)<0:q(x)is
always positive.
d. q(x)Tixe(5)
g9(x)d: x e (—o0,5)
e.Local max: none
Local min: y=3 at (5, 3)

49.y = %»\/4x2 -36

50.

a. X € (—o0,—3]U[3,»)

ye [0,00)
b. (-3,0),(3,0)
c. f(x) T xe(3,0)
f(x)4: x e (-o0,-3)

d. Even
y =sin(x)
a  ye[-11]

b.(-180, 0), (0, 0), (180, 0), (360, 0)
c.y T x e(~90,90)uU(270,360)

y 4:x (~180,-90)L(90,270)
d.Minimum: (<90, -1); (270, -1)
Maximum: (90, 1)

e. Odd
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51.

52.

53.

54.

y = cos(x)
a. ye [—l,l]
b.(=90, 0), (90, 0), (270, 0)
c.y T x e(~180,0)u(180,360)
y 4:x €(0,180)
d.Minimum: (-180, -1); (180, -1)
Maximum: (0, 1); (360, 1)
e. Even

a Xe [O, 260]
ye [0,80]
80 feet
120 feet
Yes

(0, 120)
(120, 260)

m~ooo0oT

a.Increasing: te (0,1)uU(3,4)u(7, 10)
b.Decreasing: t e (4, 7)

c.Constant: te (1, 3)

d.Maximum: (4, 12), (10, 16)
e.Minimum: (7, -4)

f.Positive: t e (0,6), (8, 10)

g-Negative: t e (6, 8)

h.Zero: (6, 0), (8, 0)

2

f(x)=x3 -1
a Xe (—oo, oo)

ye [—1,00)
b. (-1,0), (1, 0)
c. £(x)=0:x e (~o0,~1]UfL, =)
f(x)<0:xe(-11)
d. f(x)T:xe(0,)
f(x)4: x e (~0,0)
e.Minimum: (0, —1)

h(x):|xZ —4|—5
a. xe(-w,0)

ye[-5 )
b.(-3,0),(3,0)
c.h(x)=0:x e (~o0,-3]U[3,»)
h(x)<0:xe[-33]
d.h(x) T x e (-2,0)u(2,»)
h(x): x € (~0,-2)U(0,2)
e.Maximum: (0, —1)
Minimum: (-2, -5), (2, —-5)



55.

56.

57.

Chapter 2: Relations

a. D:te[72,96]
R:1e[7.2516]
b.1(t)Tfort e
84) U (93,94)
I(t)d forte (74, 75) U (81, 83) U (84, 86)
v (90,93) U (94, 95)
I(t) constant for t e (75, 77) U (86, 90)

v (95, 96)
c.Maximum: (74, 9.25), (81, 16) (global
max), (84, 13), (94, 8.5)
Minimum: (72,7.5), (83, 12.75), (93, 7.2)
d.Increase: 1980 to 1981
Decrease: 1982 to 1983 or 1985 to 1986

(72,74) L (77,81) U (83,

a te[75102]

D [-300,230]

b. D(t)T for

t e (76,77) L (83,84) U(86,87) L (92,100)
D(t) for

t e (75,76)U(77,83) U(84,86) L (89,92) L (100,102)

D(t) is constant for t < (87,89)

c.Maximum: (75, -40), (77, -50),

(84, -170), (100, 240) (global
maximum)
Minimum: (76, -70), (83, -210),
(86, —220), (92, -300), (102,-140)
d.Increase: 1996 to 1997 or 1999 to 2000
Decrease: 2001 to 2002

Zeroes: (-8, 0), (-4, 0), (0, 0), (4, 0)
Maximum: (-6, 2), (2, 2)
Minimum: (-2, —1), (4, 0)

, Functions and Graphs

58.
Zeroes: (-9, 0), (-3, 0), (6,0)
Min: (-6, —6), (6, 0)
Max: (3, 6)
59. f(x)=x3
A _T(ED)-f(=2) -1-(=8) _
" AX -1-(-2) 1
b.£= f(2)-f(@) :8—1:7
AX 2-1 1
c.They are the same.
d. Slopes of the lines are the
same.
60. f(x)=3%x
a. Betweenx=0andx =1
b.gz f@)-f(0) _1-0 _1
AX 1-0 1
Af f(8)—f(7) _2-191 009
AX 8-7 1

c.11 times greater
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61. h(t)=-16t% +192t
a.h(l) =-16(1)" +192(1) =176 ft
b.h(2) = -16(2) +192(2) = 320 ft
. Ah _h(2)-h@) _320-176

At 2-1 1
= 144 ft/sec
d Ah _h(11)-h(10) _176-320
‘At 11-10 0 1
= -144 ft/sec

The arrow is going down.

62. h(t) =16t + 96t
a.h(l) =-16(1)" +96(1) =80 ft
h(2) = -16(2)" +96(2) =128 ft
b.h(3) = -16(3)" +96(3) =144 ft
c.Between t=1and t = 2; the rocket is

decelerating.
q Ah _h(2)-h(@1) _128-80

At 2-1 1
= 48 ft/sec;
Ah h(3)-h(2) 144-128
At 3-2 1
=16 ft/sec

63. v=42g5, v=,/2(32)s =8Vs
a.v:M:@:l?.SQﬁ/sec;
V:\/W:M: 25.30 ft/sec
b.v = ,/2(32)(15) = +/960 = 30.98 ft/sec ;
v :W:M:35.78Wsec

c.Betweens=5and s =10
q Av _v(10)-v(5) 25.3-17.89

"As 10-5 5
=1.482 ft/sec;
Av  v(20)-v(15) 35.78-30.98
As  20-15 5
=0.96 ft/sec
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2.5 Exercises

64. T(h)=0.8n% —16h+60
a.T(0)=0.8(0)? ~16(0)+ 60 = 60
60°F
b.0=0.8n? —16h+60
0=8h? —160h +600
0=8(h2 —20h+75)
0=8(h-5)h-15)

h=5 h=15
5 hours
c.15-5=10 hours
d. -20°F
A
LY i
-zji-:ui-lj'-mi-a S0 s

65. f(x)=2x-3
Af f(x+h)—f(x)
A h
_[2(x+h)-3]-(2x-3)
- h
_ 2X+2h—-3-2x+3
h

:—:2
h

66. g(x)=4x+1
g(x+h)—g(x) _ [4(x+h)+1]-(4x+1)
h h

_4x+4h+1-4x-1
h

:—:4
h



67.

68.

69.

70.

71.

Chapter 2: Relations, Functions and Graphs

h(x)=x*+3
Af h(x+h)—h(x) _[(x+h)?+3]—(x*+3)
AX h - h
X2 +2xh+h?+3-x*-3
- h
_2xh+h* _h(2x+h)
== s

2x+h

p() =X’ -2

Ap _ p(x+h)—p(x) _ [(x+h)* ~2]-(x* ~2)

AX h h
X2+ 2xh+h?—2-x*+2
- h
_2xh+h? _ h(2x+h)
~h  h

=2X+h

g(x)=x*+2x-3

Ag _ g(x+h)-g(x)

AX h
_[(x+h)? +2(x+h)—3]— (x* +2x-3)
- h
X2 +2xh+h? +2x+2h—3—x* —2x+3
- h
:2xh+h2+2h:h(2x+h+2):2X+2+h
h h
r(x) = x> —5x+2
Ar _ r(x+h)-r(x)
AX h
_ [(x+h)? =5(x+h) + 2] — (x* =5x + 2)
- h
_ X*+2xh+h?—5x—5h+2—x* +5x—2
- h
_2h+h’-5h_hx+h-5) , .
h h
f=2
X
Af f(x+h)— f(x)
AX h
2 2 2x-2(x+h)
_x+h x __ X(x+h)
h h
2x—2x-2h
x(x+h)  -2h 1 -2
B h ~x(x+h) h x(x+h)
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-3
72. g(x)= "

Ag _ g(x+h)-g(x)
AX h
-3 -3 -3x+3(x+h)
_x+h x __ X(x+h)
h h
-3x+3x+3h
X(x+h)  3h

h ~ X(x+h)

3
X(x+h)

2
h

73. a.g(x) = x> +2x

Ag _ g(x+h)-g(x)

AX h
[(x+h)? +2(x+h)] - (x* +2X)

h

X +2xh+h? +2x+2h—x* —2x

- h

_2xh+h*+2h  h(2x+h+2)
h h

=2X+2+h

b. For [-3.0,-2.9],x=-3.0and h=0.1
Rate of change: 2(-3.0)+2+0.1=-3.9

c. For [0.50, 0.51], x =0.50 and h=0.01
Rate of change: 2(0.50)+2+0.01=3.01

d.

The rates of change have opposite signs,
with the secant line to the left being
more steep.



2.5 Exercises

74. a.h(x) = x* —6x

Ah h(x+h)—h(x)

X h
_ [(x+h)? —6(x+h)] - (x* —6x)
- h

X +2xh+h? —6x—6h—X +6x

- h

_ 2h+h?—6h _ h(2x+h—-6)

h h

b. For[1.9,2.0],x=19and h=0.1
Rate of change: 2(1.9)-6+0.1=-2.1

=2x—6+h

c. For [5.0,5.01],x=5.0and h=0.01
Rate of change: 2(5.0)-6+0.01=4.01
d.

The rates of change have opposite signs,
with the secant line to the right being
more steep.

75. a. g(x)=x*+1

Ag _ g(x+h)-g(x)

AX h
C[(x+hy’ +1- (¢ +1)
- h
X 43x¢h+3xh” +h +1-x° -1
- h
_3h+3xh* +h’
- h
_ h(3x% +3xh+h?)

h

b. For[-2.1,-2],x=-2.1and h=0.1
Rate of change:

3(-2.0)2 +3(-2.1)(0.2) +(0.1)* =12.61

=3x?+3xh+h?
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c. For [0.40, 0.41], x = 0.40 and h = 0.01
Rate of change:

3(0.40)? +3(0.40)(0.01) +(0.01)° ~ 0.49
d.

Both lines have a positive slope, but the
line at x = -2 is much steeper.

76. a. r(x):«/;
Ar _r(x+h)—r(x)
AX h
_\/x+h—\/§
~h
_\/x+h—x/§'\/x+h+\/§
h Jx+h++/x
_ x+h-x h
h(\/x+h+\/§) h(\/x+h+\/§)
B 1
Jx+h+4/x
b.For[1,1.1],x=1andh=0.1
1
Rate of change: ——— ~0.49
¥ ro14t
c.For[4,4.1],x=4andh=0.1
1
Rate of change: ———=~0.25
% Jar0144
d.

1123356780

Both lines have a positive slope, but the
line at x = 4 is less steep.

77. d(x) =1.5Jx
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Ad _d(x+h)-d(x) C.
AX h
_15Yx+h-15Vx
h

a.For [9,9.01],x=9and h=0.01
Rate of change:

1.5J9+0.01-1.5v/9

0.01

b.For [225, 225.01], x=225and h =0.01
Rate of change:

15V225+001-15y225 _ ) 3 4 s & 7 sx

0.01 The projected image grows at a faster
c. : rate, the farther you move away from
‘ the screen.

~0.25

79. No; No; Answers will vary.

80. a.Daughter; her graph line reaches 400
: meters before her mother’s.
I R b.20 meters; mother is at 380 meters when

—f|-++100:260:300:460: 50 daughter reaches 400 meters.
Y2 ¢.10 seconds; daughter finishes in 65
As height increases, you can see farther, seconds, mother finishes in 75 seconds.
the sight distance is increasing much d. Mother
slower. .37 seconds; 0-30; 58-65

.28 seconds; 58 seconds — 38 seconds = 28
78. P(x)=x’ seconds
AP _ P(x+h)-P(x) 81. Answers will vary.
AX h L fix)
B [(X+ h)2]_ X2 SRRFRRLFELE (LRt e SR AR TR R
h
_ X2 +2xh+h? -x?
h
2
_ 2xhh+h _ h(2>;1+h) i

a.For[1,1.01],x=1and h=0.01
Rate of change: 2(1)+0.01=2.01

b.For [4,4.01],x=4and h=0.01
Rate of change: 2(4)+0.01=8.01

(%) -(%)
(-4 - ]
(3R] - )

h(x) is an even function.
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2.6 Exercises

83. x2_8x-20=0 86. SA=2zrh+2zr?
a.(x—10)x+2)=0 SA=27(12)(36) +27(12)°
x=10; x=-2 SA =864 +2887
_ 2.
b.(x2 _SX)_ 20-0 SA=11527 cm?;
2 V = zr?h
(x2 —8x+16)-20-16 =0 z
V =x(12) (36
(x—4)? -36=0 7(12)7(36)
) V =51847 cm?®
(x—4)* =36
x—4=16 2.6 Technology Highlight
Xx=4+6
Xx=10: x=-2 Exercise 1: Shifted right 3 units; answers will
' vary.
8+4/(-8)? —4(1)(-20)
C.X= 20) Exercise 2: Shifted right 3 units; answers will
vary.
. 8£/64+80
2 2.6 Exercises
L 8x144
9 1. Stretch; compression
8+12 . .
X= 5 2. Translations; reflections
x=10; x=-2 3. (-5,-9); upward
3 3 4. (4, 11); up; down
84. a. ——+—
T2 27x 5. Answers will var
3(2-x) 3(x+2) ' Y
+
(x+2)(2-x) (x+2)(2-x) 6. Answers will vary.
6-3x+3x+6 )
(x+2)(2-x) 7. f(X)=x"+4x
12 a. quadratic
Sum 5 b. up/up, Vertex (-2,-4),
4-x Axis of symmetry x = -2,
b 3 3 x—intercepts (-4, 0) and (0,0),
ToXx+2 2-X y—intercept (0,0)
c. D:xel,R:ye[-4,x)
Product 5
8. g(X)=—x"+2x
8. y _2,.1 a. quadratic
3 b. down/down, Vertex (1,1),

Axis of symmetry x = 1,
x—intercepts (2, 0) and (0,0),
y—intercept (0,0)

c. D:xel,R:ye(-»]l]
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9.

10.

11.

12.

13.

14,

Chapter 2: Relations, Functions and Graphs

p(x) = x> —2x-3
a. quadratic
b. up/up, Vertex (1,-4),

C.

Axis of symmetry x = 1,
x—intercepts (-1, 0) and (3,0),
y—intercept (0,-3)

D: xel ,R: ye[-4,»)

q(x) =—x*+2x+8

a.
b.

C.

quadratic

down/down, Vertex (1,9),
Axis of symmetry x = 1,
x—intercepts (-2, 0) and (4,0),
y—intercept (0,8)

D: xell ,R: ye(—,9]

f(x)=x*-4x-5

a.
b.

C.

quadratic

up/up, Vertex (2,-9),

Axis of symmetry x = 2,
x—intercepts (-1, 0) and (5,0),
y—intercept (0,-5)

D: xel ,R: ye[-9,x)

g(x) =x*+6x+5

a. quadratic

b. up/up, Vertex (-3,-4),
Axis of symmetry x = -3,
x—intercepts (-5, 0) and (-1,0),
y—intercept (0,5)

c. D:xel,R:ye[-4x)

p(x) 2x+4 -2
square root

b. up to the right, Initial point (-3,-4),
x—intercept (-3, 0),
y—intercept (0,2)

c. D:xe[-4,),R ye[-2x)

q(x) =-2JXx+4+2

b.

C.

square root

down to the right, Initial point (—4,2),
x—intercept (-3, 0),

y—intercept (0,-2)

D: xe [—4,00), R:ye (—00,2]
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15. r(x) =

a.

16.

17.

18.

19.

20.

—3J4-x+3

square root

b. down to the left, Initial point (4,3),
x—intercept (3, 0),
y—intercept (0,-3)
c. D:xe(—x,4],R: ye(—»,3]
p(x) 2x+1-4
square root
b. up to the right, Initial point (-1,-4),
x—intercept (3, 0),
y—intercept (0,-2)
c. D:xe[-1o),R:ye[-4,)
9(X) 24~
square root
b. up to the left, Initial point (4,0),
x—intercept (4, 0),
y—intercept (0,4)
c. D:xe(-=,4],R: ye[0,x)

h(x)=-2Jx+1+4

a. square root

b. down to the right, Initial point (-1,4),
x—intercept (3, 0),
y—intercept (0,2)

c. D:xe[-1o),R:ye(-ox,4]

p(x)=2|x+1-4

a. absolute value

b. uplup, Vertex (-1,-4),
Axis of symmetry x = -1,
x—intercepts (-3, 0) and (1,0),
y—intercept (0,-2)

c. D:xel,R:ye[-4x)

q(x) =-3|x—2|+3

a.
b.

C.

absolute value

down/down, Vertex (2,3),
Axis of symmetry x = 2,
x—intercepts (3, 0) and (1,0),
y—intercept (0,-3)

D: xel ,R: ye(-,3]



21.

22.

23.

r(x)=-2|x+1+6

a. absolute value

b. down/down, Vertex (-1,6),
Axis of symmetry x = -1,
x—intercepts (-4, 0) and (2,0),
y—intercept (0,4)

c. D:xell,R:ye(-x,6]

f(x)=3|x-2|-

a. absolute value

b. up/up, Vertex (2,-6),
Axis of symmetry x = 2,
x—intercepts (0, 0) and (4,0),
y—intercept (0,0)

c. D:xel,R:ye[-6x)

g(x) =-3|x|+6

a. absolute value

b. down/down, Vertex (0,6),
Axis of symmetry x = 0,
x—intercepts (-2, 0) and (2,0),
y—intercept (0,6)

c. D:xell,R:ye(-x,6]

24. h(x)=2|x+1

25.

26.

a. absolute value

b. up/up, Vertex (-1,0),
Axis of symmetry x = -1,
x—intercept (-1, 0),
y—intercept (0,2)

c. D:xel,R:ye[0,»)

f(x) =—(x-1)°

a. cubic

b. up/down, Inflection point (1,0),
x—intercept (1, 0),
y—intercept (0,1)

c. D:ixel,Riyell

g(x)=(x+1)3

a.
b.

C.

cubic

down/up, Inflection point (0,-1),
x—intercept (-1, 0),

y—intercept (0,1)

D: xel ,R: yell

2.6 Exercises
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217.

28.

29.

30.

3L

32.

33.

34.

h(x) =x*+1

a. cubic

b. down/up, Inflection point (0,1),
x—intercept (-1, 0),
y—intercept (0,1)

c. D:xel, Riyel

p(x) = —3x+1
cube root

b. up/down, Inflection point (0,1),
x—intercept (1, 0),
y—intercept (0,1)

c. D:xel,Riyel

q(X) Ux-1-1

cube root

b. down/up, Inflection point (1,-1),
x—intercept (2, 0),
y—intercept (0,-2)

c. D:xel,Riyell

r(x) =-3Ix+1-1

cube root

b. up/down, Inflection point (-1,-1),
x—intercept (-2, 0),
y—intercept (0,-2)

c. D:xel,Riyel]

Function family: Square root
x—intercept: (=3, 0)
y—intercept: (0, 2)

Initial point: (-4, -2)

End behavior: Up on right

Function family: Quadratic
x—intercepts: (-3, 0), (1, 0)
y—intercept: (0, 3)

Vertex: (-1, 4)

End behavior: Down/down

Function family: Cubic
x—intercept; (-2, 0)
y—intercept: (0, -2)
Inflection point: (-1, -1)
End behavior: Up/down

Function family: Absolute Value
x—intercepts: (-1, 0), (3, 0)
y—intercept: (0, —2)

Vertex: (1, -4)

End behavior: Up/up
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35. f(x)=vx; g(x)=+x+2; h(x)=+x-3 37. p(x)=|x; a(x)=[x|-5; r(x)=|x+2

X f(x) a(x) h(x) X p(x) ax) r(x)

0 0 2 -3 -2 2 -3 4

4 2 4 -1 -1 1 -4 3

9 3 5 0 0 0 -5 2

16 4 6 1 1 1 -4 3

25 5 7 2 2 2 -3 4
From the parent graph f(x) = /X , g(X) From the parent graph p(x)=|x|, q(x) shifts
shifts down 5 units and r(x) shifts up 2 units.

up 2 units and h(x) shifts down 3 units.

36. f(x)=%x; g(x)=¥x-3; h(x)=¥x+1

38. p(x)=x%; q(x)=x"—4; r(x)=x*+1

X p(X) q(x) h(x)
X f(x) g(x) h(x) -2 4 0 5
0 0 -3 1 -1 1 =3 2
1 1 -2 2 0 0 -4 1
8 2 -1 3 1 1 -3 2
27 |3 0 4 2 4 0 5
64 | 4 1 5

From the parent graph p(x) = x?, q(x) shifts
From the parent graph f (x)=%x , g(x) down 4 units and r(x) shifts up 1 unit.

shifts

down 3 units and h(x) shifts up 1 unit.
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39. f(x)=x>-2 43. p(x)=x%; q(x)=(x+3Y
Shifts down 2 units.
[ o= | ab0=(ceaF

{- 5 |25 4
-3 9 0
-1 1 4
1 1 16
3 9 36

40. g(x)=x-4

Shifts down 4 units.

From the parent graph p(x) = x2, q(x) shifts
left 3 units.

Shifts up 3 units.

L v

X
0
41. h(x)=x?+3 1
4
9

42. Y;=|x|-3
Shifts down 3 units.

From the parent graph f (x)=~/x , g(x)
shifts
left 4 units.
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45. Yy =|x; Yo =[x-1 47. p(x)=(x-3)
Shifts right 3 units.
X M= | Yo=[x-1 Y X A
2 |2 3 : :
-1 1 2
0 0 1
R 0 N
2 2 1 X

48. Yl=+x-1
Shifts right 1 unit.

L v

From the parent graph Y; =|x|, Y, shifts
right 1 unit.

46. h(x)=x3; H(x)=(x-2)

X h(x)=x3 | H(x)=(x-2)

|8 64 49. h(x)=|x+3

-1 -1 =27 Shifts left 3 units.
0 |o -8 LY
2 8 0

50. f(x)=%x+2
Shifts left 2 units.

LV

From the parent graph h(x) = x®, H(x) shifts
right 2 units.
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51. g(x)=-x] 2. 2. 1.2
55. p(x)=x"; g(x)=2x"; r(x)==x
Reflects across the x—axis. p( ) Q( ) ( ) 2
AY
: X p(x) q(x) r(x)
-2 4 8 2
-1 1 2 ¥
0 0 0 0
1 1 2 ¥
2 4 8 2
L ¥

52. Y, = —Jx
2

Reflects across the x—axis.
L ¥

From the parent graph p(x) = x?, q(x)
stretches upward and r(x) compresses

downward.
56. f(x)=+—-x; g(x)=4v-x;
53. f(x)=%¥-x h(x):%\/—x
Reflects across the y—axis.
x__[f(x) 9(x) h(x)
Ao -25 | 5 20 5/4
-16 | 4 16 1
-9 3 12 Y
-4 |2 8 Y
-1 1 4 Ya

54. g(x)=(-x)
Reflects across the y—axis.
¥

From the parent graph f(x)=v/-x, g(x)
stretches upward and h(x) compresses
downward.
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1
57. Yy =[x; Y2 =3x; Y3 =§|x|

X Y; Y, Y,
-2 2 6 2/3
-1 1 3 1/3
0 0 0 0

1 1 3 1/3
2 2 6 2/3

From the parent graph Y; = ||, Y, stretches

upward and Y5 compresses downward.

58. u(x)=x3; v(x)

X u(x) V(X) w(X)
-2 | -8 -16 -8/5
-1 |-1 -2 -1/5
0 0 0 0

1 1 2 1/5
2 8 16 8/5

From the parent graph u(x) = x3, v(x)
stretches upward and w(x) compresses

downward.
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59. f(x)=4%x
Stretches upward and downward.
¥

60. g(x)=-2Jx|
Stretches upward; reflects over x-axis.
L ¥

61. p(x)= %x3

Compresses downward.
b ¥




62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

a(x) = %/Y

Compresses downward.

f(x):—§x+2;h

f(x)=—(x—3P +2;i
f(x)=-3x-1-1;d

f(x)=|x+4/+1;e

f(x)=—/x+6; f
f(x)=—/x+6-1;]
f(x)=x+1;k

f(x)=(x—4f -3;1
f(x)=|x-2-5;b
f(x)=+x+3-1;¢c

f(x)=—(x+3F+5;a

2.6 Exercises
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75. f(x)=vx+2-1
Left 2, down 1
Initial point: (-2, -1)

76. g(x)=+/x-3+2
Right 3, up 2
Initial point: (3, 2)

L ¥

77. h(x)=—(x+37 -2
Left 3, reflected across x—axis, down 2
Vertex: (-3, -2)
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78. H(x)=—(x-2f +5 81. Y, =3x+1-2
Right 2, reflected across x—axis, up 5 Left 1, down 2
Vertex: (2, 5) Inflection point: (-1, -2)
LV LV

i1. X
79. p(x)=(x+3P-1 82. Y, =%x-3+1
Left 3, down 1 Right3,up 1
Inflection point: (-3, -1) Inflection point: (3, 1)
b ¥ LV

80. q(x)=(x—2)*+1 83. f(x)=-|x+3-2
Right2,up 1 Left 3, reflected across x—axis, down 2
Inflection point: (2, 1) Vertex: (-3, -2)
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84. g(x)=-x-4-2
Right 4, reflected across x—axis, down 2
Vertex: (4, -2)

b ¥

85. h(x)=-2(x+1f -3
Left 1, stretched vertically, reflected across
x—axis, down 3
Vertex: (-1, -3)

L v

86. H(x):%|x+2|—3
Left 2, compressed vertically, down 3
Vertex: (-2, -3)

87. p(x)= —%(x +2P -1

Left 2, compressed vertically, reflected
across x—axis, down 1
Inflection point: (-2, -1)

L ¥

88. g(x)=53x+1+2
Left 1, stretched vertically, up 2
Inflection point: (-1, 2)

¥

Y

89. Y, =-2v-x-1+3
Reflected across y—axis, left 1, reflected
across x—axis, stretched vertically, up 3

Initial point: (-1, 3)

ALY

=Y
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90. Y, =3v-x+2-1
Reflected across y—axis, right 2, stretched
vertically, down 1
Initial point: (2, -1)
¥

o1, h(x)=%(x—3)2+1

Right 3, compressed vertically, up 1
Vertex: (3, 1)

92. H(x)=-2x-3+4
Right 3, reflected across x—axis, stretched

vertically, up 4
Vertex: (3, 4)

—f(x)-3

L ¥

%f&+ﬂ
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96.

a.

C.

Chapter 2: Relations, Functions and Graphs

97.

98.

2H(x-3)

99.

171

100.

Vertex: (2, 0)
Point: (0, —4)

y=a(x—hf +k
~4=a(0-2)*+0
—4=14a
-1=aq;
y=—(x-2f

Vertex: (0, -4)
Point: (-5, 6)

y=a(x—hp+k
6=a(-5-0)>—4
6=25a-4

10 = 25a

Node: (-3, 0)
Point: (6, 4.5)

y:aM+k
4.5:a\/6—7(—3)+0
45=3a
1.5=4;

y =15yx+3

Initial point: (-4, 5)
Point: (5, -1)

y=avx—h+k
—1=a,5-(-4) +5

-6=3a
-2=4

y=-2Jx+4+5

101.Vertex: (-4, 0)

Point: (1, 4)

y =alx—h/+k
4=all+4+0
4=>5a

4

—=a,
5

yzgh+4
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102.Vertex: (3, 7)

103.

Point: (0, -2)

y =alx—h[+k
-2=2a0-3+7
-9=3a
-3=a;
y=-3x-3+7

Vv =£7Zf3
3

i7rz4.2

3

A V(r) = 4.2
100 [+ :
60 |-
20 ITREINNY NN ' i

—e

1 2 3 4 5 p
Volume estimate: 70 in®

V= iﬂ re
3
V= %;:(2.5)3

V= %;;(15.625) ~65.4in°
Yes

104.V (h) = -4v/h +20

h | v(h)=—-4vh +20

1l v@)=-4y1+20=-4+20=16

4 | V(a)=-4J24+20=-8+20=12
9 | v(9)=-449+20=-12+20=8
16 | v(16)=-4y16 +20=-16+20=4
25 | V(25)=-4425+20=-20+20=0
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& ViR

S 10 15 20 25°h
Velocity estimate: 9 ft/sec
V(7) = —47 +20 ~ 9.4t /sec
Answers are close.

5=—44/h + 20

-15=-4h

375=+h

14.0625=h
At 5 ft/sec, the water level is about 14 feet.

105.T(x):%«/;

The graph can be obtained from y = Jx if
it is compressed vertically.

T(81)= %\/8_ = %(9) = 2.25s€c

This point is on the graph.
4 Tix)

[}

Wk

= bJ

20 40 60 80 100 x

106. v(x) = 4.9vx
The graph can be obtained from y = Jx if
it is stretched vertically.
v(225) = 4.9y225 = 73.5mph

This point is on the graph.

]'J[:-[:- 300 500
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107. P(v) = %V?’

a. The graph can be obtained from y = v

if it is compressed vertically.

woo } £

B0
L]
4080

200

4 g 12 168 W 4 2:3-:
8 3
P(15)=—(15) = 216 watts
(5) - —(15)
c. About 15.6, 161.5, Power increases
dramatically at higher windspeeds.

108. v(P) = (gji/?
Stretched vertically

v(343) = [gjf* 343 = 2(7) =17.5 mph

| F)

100 300 w00 400 500 F

109. d(t) = 2t

a. Vertical stretch by a factor of 2
dir)

| 2 3 4t
b. d(2.5)=2(25) =2(6.25)=12.5 ft
c. 5,13, distance fallen per unit time
increases very fast.
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110. v(t) = 4t
Vertical stretch by a factor of 4.

Wi

B
v(2.5)=4(2.5)=10 ft/sec

111. f(x)=|x| and g(x)=2vx

Interval: x € (0, 4)

x=1

f(L)=ll =1 and g(t)=2v1=2
g(h)> f(h)

Interval: x  (4,)

X=9

f(9)=]9| =9 and g(1)=2v9 =6

g(k) < (k)



2.6 Exercises

112. f (x)=-2|x-3/+8
op

A=Area of rectangle + Area of triangular
segment

A:IW+1ab
2
A= 2(6—0)+%(6—0)(8—2)

A =30 units®

113. f(x)=x? -4
F(x)=‘x2—4‘

Any points in QI and 1V will reflected across
the x—axis and thus move to Ql and 1.
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114.(-13,9) and (7, -12)
d =~ P +(y2 - f
d=(7+132 +(-12-0)

d =+/(20)% + (- 21)?

d =+/400+ 441

d = /841 = 29 miles

M :u:—lz—Qz—_Zl
X,—% 7+13 20

115. P =32+32+38+24+6+8=140 in.
A =32(32) + 24(6) = 1024 +144 = 1168 in?

116.gx+£=1x—l
3 4 2 12
12 —Xx+—==X——
[3 4 2 12

8Xx+3=6x-7

2x =-10

X=-5

2 1 1 7}

117. f(x) =(x—4)" +3

Quadratic, opens upward, Vertex (4,3)
f(x) i (-0,4);

f(x) T:(4,)
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2.7 Technology Highlight

Exercise 1: They are approaching 4; not defined.

Exercise 2: Y; =4, Y, has a rounding error.

Calculator is rounding to 4; No.

2.7 Exercises

1.

Continuous
Domain
Smooth
Open

Each piece must be continuous on the

corresponding interval, and the function
values at the endpoints of each interval must

be equal. Answers will vary.

Answers will vary.

x2 —6x+10 0<x<5

5<x<9

{—1.5|x—5|+10 1<x<7
a. fx)=

—J;j7+5 X>7
b. ye(-010]

-2 x<-2
h(x)=14]x -2<x<3
5 x23

h(-5)=-2
h(-2)=|-2|=2
(D

2 2| 2
h(0)=]0]=0;
h(2.999)=[2.999] = 2.999
h(3)=5

175

10.

11.

12.

2x+3 x<0
H(x)={x?+1 0<x<2

5 X>2
H(-3)=2(-3)+3=-6+3=-3;
H[—B = [ j+3——3+3 0;
H(-0.001)= 2(-0.001)+3 = 2.998;
H(1)= () +1=2;
H(2) = not defined ;
H(3)=5

5 x<-3
p(x)=4x2-4 -3<x<3

2x+1  x>3
p(-5)=5
p(-3)=(-3)%-4=9-4=5
p(-2)=(-2)?-4=4-4=0

-x-3 x<-1
q(x)=142 -1<x<2
—=x%2+3x-2 X>2

q(-3)=—-(-3)-3=3-3=0

q(-1)=2

q(0)=2

q(1.999)=2;

q(2)=—%(2)2+3(2) 2=-2+46-2=2
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=

15. ¢

176



Chapter 2: Relations, Functions and Graphs

—X+3 x<1
19. H(X)={_|X_5|+6 1<x<9

D:Xe(—oo,ﬁ]
R:ye(—07]
-x-3 X< -3

21. f(x)=49-x2  -3<x<2
4 X>2

177

D:x e (~w,0)

R:y e(~o0,~6)u(-6,)
Discontinuity atx = —3

Redefine f(x)

-6 at x=-3; c=-6
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D:Xe(—oo,oo) D:Xe(—oo,oo)

R:ye(—07)u(7,x) R:ye(—,1]

Discontinuity at x =5 Discontinuity at x = —2

Redefine f(x)=7 at x=5; c=7 Redefine f(x)=-8 at x=-2; c=-8

27. Left line contains the points (—4, —3) and
(2,0).

y-0==(x-2)
1
=—x-1
, '3
i Right line contains the points (2,0) and (3,3).
: 3-0 .
m=——=3;
3-2
y—-0=3(x-2)
D:x e (o0, ) y = 3X—6:
R: 0.75,
_ye[_ . OO) lx—l —4<x<2
Discontinuity at x = 1 f(x)=<2
Redefine f(x)=3 at x=1; c=3 3x—6 X>2

28. Left line contains the points (—4,2) and
(-2,0).
m= i =-1 ;
2-(-4)

y-0=-1(x—(-2))
y=-Xx-2
The second equation is an absolute value
function with vertex (1,3) and reflected
across the x—axis.

—X=2 X< -2
X)=
9(x) -|x-1+3 -2<x<5
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29. The first equation is a quadratic with vertex
(—1,-4), opening up.
y =(x +1)2 -4
y=x+2x-3;
The line is bounded by (1,2) and contains
(4,5).

m=2"2_1
-1
y—2=1(x-1)
y=X+1
X +2x-3 x<1
(X):{x+l x>1

30. The first equation is a horizontal line:
y=-2
The second equation is a line with slope 1
and y—intercept (0,0). y = x;
The third equation is a square root function
with the vertex (1,1). y =/x—1+1;

-2 x<-1
a(x)=<x -1<x<1
vx-1+1 x>1
-X x<0
31 |x|={x >0
X
f(x):g

Graph is discontinuous at x = 0.
b ¥

32.
1<x<3
3<x<5

—-|x-2/+1
f(x)=1—|x—4/+1

—|x-2k|+1 2k-1<x<2k+1forkeN

Answers will vary.

—t?+6t 0<t<5
33. a. S(t):{500 (o5

b. S(t) €[0,9]

~0.13t%2 +8.1t+208 4<t<38
34. a. f(t)=1-5.75t—46|+374  38<t<54
—2.45x + 460 t>54

b. f (t) €[0,374]

2
3. P(1)- {—0.03t +1.28t+1.68 0<t<30
1.89t—43.5 t>30
a. P(5)=-0.03(5)? +1.28(5)+1.68 = 7.33
P(15)=-0.0415) +1.2615)+1.68=1413
P(25)=-0.0325)* +1.28(25)+1.68=14.93
P(35)=1.89(35)—-43.5 = 22.65
P(45)=1.89(45)— 43.5 = 41.55
P(55)=1.89(55)—43.5 = 60.45
b. Each piece gives a slightly different
value due to rounding of coefficients in
each model. At t = 30 we use the “first”
piece: P(30)=13.08.

0.047t* —0.38t +1.9 0<t<8
36. 1-0.075t° +1.495t-5.265 8<t<11
0.133t +0.685 t>11

a.  A(3)=0.047(3)% —0.38(3)+1.9 =1.183
A9)=-0.0759)? +1.4959)-5.265=2.115
A(15) = 0.133(15)+0.685 = 2.68
A(25)=0.133(25)+0.685 = 4.01

b. A(4)=0.047(4)> -0.38(4)+1.9=1.1
About 1.1 billion barrels
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3. Ch)= {0.18h—90

2.7 Exercises

0.09h 0<h<1000

h >1000

C(1200) = 0.18(1200)—90 = 216 — 90 = $126

0.05w 0<w<5000

38.C =
(W) {0.1OW—250 w > 5000

39.

- l_g
10000

2000 A0

C(9500) = 0.10(9500) — 250
=950-250 =$700

0.75t 0<t<25
C(t)=
15t-18.75 t>25

10 20 30 40 50
C(45)=1.5(45)-18.75 = $48.75

180

40. T(x):{

41,

—0.21x* +6.1X + 52
453x+28.3

140} )
1201
1001
801
601
401
20

5<x<15
x>15

48 1216202428

f(10)=-0.21(10)? +6.1(10)+52 = 92
92,000 births;
f(20)=4.53(20)+28.3=118.9

~ 119,000 births;
f(25)=4.53(25)+28.3=141.55

~ 142,000 births;
f(30)=4.53(30)+28.3=164.2
~ 164,000 births

~1.35t%2 +31.9t+152 0<t<12
s(t)=

25t2-80.6t+950  12<t<22
S(25)=2.5(25)% —80.6(25)+ 950
=2.5(625)-2015+950 = 497.5
~ $498 billion;
5(28)=2.5(28)% —80.6(28)+ 950
=2.5(784)-2256.8+950 = 653.2
~ $653 billion;
$(30)=2.5(30)% —80.6(30)+ 950
=2.5(900) - 2418+ 950 = 782
~ $782 billion

=
N L
(=~ ~

af dollars)
h ;ﬂ hot

=]

Spending (in billions

I 6 10 1418 22
t {(vears since 1980)
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44. w(h
= 0<x<200 (v)
. T(x)=410
0.001x? ~0.3x+40 x> 200 9.500 0<h<40
=19.50(40)+14.25(h-40) 41<h<48
:3;3’_ w0 9.50(40)+14.25(8) +19.00(h—48) 48<h<84
E jl] 9.50h 0<h<40
;—“5 :I: =414.25h-190 40<h<48
7 !
e 10 19h-418 48<h<84
0 150 250 350 L2001
FPoints scoved 2
T (390) = 0.001(390)° —0.3(390) + 40 g 1000
=75 tickets g 800
= 600
33 0<m<30 8 400
. cm)=1>0 m & 4
3.3(30)+7(m-30) m>30 200

TI6 32 48 64 80
Hours worked

3.3m 0<m<30
(m)=<_
7m-111 m > 30

= W (54) =19(54) - 418 = $608
3
= 0 a<2
= 2 2<a<13
W 45,
5 C(a)={5 13<a<20
& 7 20<a<65
- 5 a>65
et sl 1 U ol
10 200 30 40 50 &0 =
Duration of call in min = g
fe
C(46)=7(46)-111=$2.11 3
'!'—-. 4 H
E
a2

20 30 40 50 60 70
Age in years

010

One grandparent:

C(70)=5;

Two adults:

C(44)=7;C(45)=7;

Three teenagers:

3-5=15;

Two children:

2-2=4;

Oneinfant: 0

Total Cost: 5+7+7+15+4+0=$38
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47.

48.

—~® oo0oT p

@reoooT

2.7 Exercises

At) =t |
0<t<123
36 years
36 years
37 years
37 years

C(w) =17|’w—1'|+80

For an envelope weighing between 0
and 1 oz, the cost is $0.80. Each step
interval increases by 0.17.
0<w<13

80 cents

165 cents

165 cents

165 cents

182 cents

0 0O<m<1
[m] m>1

C(m):{

. C(;r?)

”f
12345678910

2min 3sec — 3;

13 min 46 sec — 14;

1 min5sec — 2;

3 min 59 sec — 4;

8 min 2sec —9;

3+14+2+4+9=32 min

Yes, free 30 min has been exceeded.
2 +13+1+3+8 = 27 min;
3+46+5+59+2=115 sec;

27 min 115 sec = 28 min 55 sec

X h(x)=|x-2/-|x+3|

-5 | h(-5)=|-5-2/-]-5+3=7-2=5
4 | h(-4)=|]-4-2|-|-4+3=6-1=5
-3 | h(-3)=|-3-2|-|-3+3=5-0=5
2 | h(-2)=|]-2-2|-]-2+3=4-1=3
-1 | h(-1)=|-1-2|-|-1+3=3-2=1
0 | h(0)=[0-2/-[0+3=2-3=-1

1| h@)=p-2/-p+3=1-4=-3

2| h(2)=[2-2/-]2+3=0-5=-5

3 | h(3)=[3-2-[3+3=1-6=-5

4 | h(4)=]4-2-|4+3=2-7=-5

5 | n()=p-2-[5+3=3-8=-5

The function is continuous.

5 x<-3
h(x)=4-2x-1 —3<x<2
-5 X=>2
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50. H(x)=|x—2+[x+3 x2  x<1
52. f(x)={4x-3 1<x<3
X | HX)=[x=2+[x+3 2x+3  X>3
=5 | H(-5)=|-5-2/+]-5+3=7+2=9
4 | H(-4)=|-4-2+|-4+3=6+1=7 53 3 L1 230
-3 | H(-3)=|-3-2+|-3+3=5+0=5 X=2 x4
2 [ H(C2)=|-2-2+|-2+3=4+1=5 8 o % —2)x+2
= (-2)=|-2-9+}2+3 (x 2" (x=2)x+2) (x-2)x+2)
H(- 1):| 1- 2| | 1+3| 3+2=5 3(x+2)+1(x-2)x+2)=30
0
i H(0)=|0-2+[0+3=2+3=5 364 x2 430
H)=[1-2+[1+3-1+4=5 X2 +3x-28=0
2 | H(2)=]2-2+[2+3=0+5=5 (x+7\x-4)=0
3 | HR)=p-2+p3+3=1+6=7 x=-T7, x=4
4 | H(4)=[4-2+[4+3=2+7=9
5 H(5)=[5-2|+[5+3 =3+8-11 " X' +3x* —4x-12  2x-6 _3x-6
X—3 x> +5x+6 1
xz(x+3)—4(x+3). 2(x-3)  3(x-2)
- X—3 (x+2)(x+3) 1
_(x+3)(x2—4) 2(x-3) ;3(x—2)
- x-3 (x+2)(x+3) 1
C(x+3)(x+2)(x-2)  2(x-3) 1
- x—3 (x+2)(x+3) 3(x-2)
=2
R NI A N A
A - a? +b? =¢?
The function is continuous. 55. a.
-2x-1 X<-3 8% +h? =122
h(x)= 5 -3<x<2 64+b§=144
2x+1 X>2 b® =80
b =4+/5cm
1
51 v, X2y, k2 b A=bh
X+2 X+2
Y; has a removable discontinuity at x = -2. A== (4\/_X8
Y, is discontinuous at x = -2. A= 16J§cm

e. V=)
2

V =(1615)(20) =3205 cm’
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2.8 Exercises

56. 3x+4y=8
4y =-3x+8

3
=——X+2

y 4

m= —% , slope of a line perpendicular to the
. R
given line is —.
3
4 .
Slope 3 passing through (0,-2):

4
=—X-2
y 3

2.8 Technology Highlight

Exercise 1: Y, =+/x and Y, =X+7
Yes, graph shifts 7 units to the left.

Exercise 2: Y, = x* and
Y, =x-1
Yes, the basic function f (x) = x| shifts 1
unit right.

2.8 Exercises

=

(f+g)x) AnB

2. (f-g)5);f(5)-9(5)

3. Intersection; g(x)

4. Composition; g(x); f(x); f[g(x)]
5. Answers will vary.

6. Answers will vary.

7. a Domain:
f(x)=2x"-x-3;xell ;
g(x)=x*+5x;xel ;

h(x) = f(x)—g(x);x el
h(-2) = f(-2)-g(-2)

b —2(-2) - (-2)-3-((-2)" +5(-2))
=7-(-6)=13

10.

11.

a. Domain:

f(x)=2x"-18xell ;
g(x)=-3x-7;xel ;
h(x)= f(X)+g(x);xel
b. h®B)=1(5)+g(()
=2(5)" -18+(-3(5)-7)
=32+(-22)=10

h(x) = f(x)-g(x)

a. h(x):2x2—x—3—(x2+5x)
=2x* —x-3-x* -bx
=x*-6x-3

b. h(-2)=(-2)"-6(-2)-3=13

c. Same result

h(x) = f(x)+9(x)

a.  h(x)=2x*-18+(-3x-7)
=2x*-18-3x-7

=2x* -3x-25

h(s) =2(5)" -3(5)-25=10
c. Same result

=

a. Domain of f(x)=+x-3
x—32>0

x>3; [3,0)
Domain of g(x):xel ;
Domain of h(x): x €[3,)
b. h(x)=(f+g)(x)
=f(x)+9(x)
=+/x-3+2x*-54
h(4)=4-3+2(4) -54=75;
h(2) =v2-3+2(2)" -54
=-1+16-54
V-1 is not a real number;
2 is not in the domain of h(x).

o



12.

13.

Chapter 2: Relations, Functions and Graphs

Domain of f(x):xel ;

14. a. Domain of p(x)=+/6—x
Domain of g(x) =v/2x-5 6-x=0
2x-52>0 —X>-6
sz;XeF,ooj X<6; X € (~90,6]
2 2 Domain of q(x) =vx+2
Domain of h(x):xe[i,w] X+220
= (- o n el n)
x) = (f - g)(x
Domain of r(x):xe[-2,6
=10-0(9 b r(0=( ()()) e
. X) = (p—q)(x
=4x* —2x+3-+/2x-5 () pq()((])
h(7)=4(7)" ~2(7)+3-2(7)-5 _Jox-Jxi2
h(7) =196 -14+3-+/9 =182; c. 1(-3)=./6—(-3)--3+2
h(2) = 4(2)° —2(2)+3-+/2(2) -5 =J9+1
:16f4+3‘*/_—1 V-1 is not a real number;
/=1 is not a real number; —3is not in the domain of r(x).
2 is not in the domain of h(x). r(2)=6-2-+2+2=0
Domain of p(x) =vx+5 15. a. Domain of f(x)=+/x+4
X+5>0 X+4>0
x> -5; xe[-5,) X2>—4; x e[-4,)
gomainOOf a(x) =+3-x Domain of g(x) =2x+3:xell
—X>
2—3 Domain of h(x): x e [~4,»)
_X > —
_ b.  h(x)=(f-g)(x)
X<3; Xe(—00,3] _ f(x)g(x)
Domain of r(x):x e[-5,3] VX 4(2x+3)
r(x)=(p+a)(x)
000+ 900 c. h(-4)=+-4+4(2(-4)+3)=0;
I e I v h(21) =v/21+4(2(21)+3) = 225
r2) =v2+5+/3-2=+7+1 :
16. a. Domain of f(x)=-3x+5:x¢el]

r(4)=x/4+5+«/3—_4=\/§+«/—_1

V-1 is not a real number;
4 is not in the domain of r(x).

Domain of g(x) =vx—-7
x—-72>0

X27; xe[7,0)

Domain of h(x): x &[7,)
h(x) = (f-9)(x)
=f(x)-9(x)
=(-3x+5)x-7

C.  h(8)=(-3(8)+5)v8-7 =-19(1) =-19;
h(11) =(-3(11)+5)+11-7 =-28(2) =56
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17.

18.

19.

Domain of p(x) =vx+1

X+1>0

x>-1 xe[-1,»)

Domain of q(x) =~/7-x
7-x>0

X7

X<7; xe(-0,7]

Domain of r(x):xe[-17]

r(x) =(p-q)(x)

= p(x)-q(x)

r(15) = ./ 15)° +6(15)+7 =+/-128

=128 is not a real number;
15 is not in the domain of r(x).

r@3)=y-(3)" +6(3)+7=+16 =4

Domain of p(x) =v4-x
4-x>0

—-X>-4

X< 4; xe(-0,4]

Domain of q(x) =vx+4
X+4>0

X>—4; x e[-4,)
Domain of r(x): x e[-4,4]
r(x)=(p-a)(x)

= p(x)-q(x)
=+4-X-x+4
=+16-x°

r(-5) =416 -(-5)" =vJ-9
V=9 is not a real number;
-5 is not in the domain of r(x).

r(-3) = /16— (-3)° =7

Domain of f(x)=x*-16:x¢el]
Domainof g(X) =x+4:xell

x> -16

Domain of h(x) = X7 —4
X+4

X € (—o0,—4)U(—4,)

2.8 Exercises

186

20.

21.

22.

f x> -16
h(x) =—(x) =
g X+4

(x+4)(x—4)
X+4

h(x) =

Domain of f(x)=x*-49:xel
Domain of g(x)=x-7:xell

2_
Domain of h(x) = X ;19,x =7

X e (—oo, 7) u(?,oo)

x> —49
h(X)——()— —
h(x) = (X+7)( ) =X+7; X#7
X—7
Domain of

f(x)=x*+4x*-2x-8:xel
Domain of g(x)=x+4,xel]
Domain of

3 2 _ _
h(x):x +4x° —2x 8,x¢—4

X+4
x € (—o0,~4) U (—4,)
X} +4x* -2x-8
X+4

h() = () =
g

hx) = xz(x+4;();j(x+4)

~ (x+4)(x2 —2)

X+4

=x?-2; x#—-4

Domain of
f(x)=x*-5x"+2x-10:xel]
Domain of g(x)=x-5:xell
Domain of
3 2
h(x):x —-5x +2X_10,x¢5
X-5
X € (—0,5)U(5,2)
f x* —5x% +2x-10
h(x) =—(x) = =——————
g X—5

h(x) = xz(x—5)zj§(x—5)

~ (x—5)(x2 +2)
- X=5

=x2+2; x#5

=Xx—-4; x4



23.

24,

25.

26.

Chapter 2: Relations, Functions and Graphs

Domain of f(x)=x*-7x*+6x:xel]

Domain of g(x)=x-1:xel
Domain of
7x° +6X

X3 —
h(x) = ————,x#1
x—1

X3 —7x* +6X
x-1
2_
h(X):x(x 7X+6)
x-1
X(x—=6)(x-1
:w:x(x_ﬁ)
x—1
=x2-6x; x=1

h() =~ =
g

Domain of f(x)=x*-1:xel]
Domain of g(x)=x-1:xell

X3
Domain of h(x) =

_l,x;tl
1

Xe(—oo 1) (1 oo)
-1
h(X)——(X) )
(x—l)(x +x+1)
x-1
=x?+x+L x=1

h(x) =

Domain of f(x)=x+1:xell
Domain of g(x)=x-5:xel]
Domain of
h(x)—x—+1 X#5
-5
Xe(—oo 5)u(5,)
X+1

h(x)_—( )— e x#1

Domain of f(x)=x+3:xel]
Domain of g(x)=x-7:xell
Domain of

h(x)_X;i’ X %7

X e(—oo 7)u(7,)

X+3

h(x)_—( )— — X#7

27.

28.

Domain of p(x)=2x-3:xel]

Domain of q(x) =+/-2-Xx,

-2-x2>0

-X>2
X <—=2; xe(—0,—-2]
. 2x-3
Domain of r(x) = ,
0=
-2-x>0
-X>2

X<—=2; X e (—0,-2)

_ P 2x-3
W= W
2(6)-3 9
O = 55T

/-8 is not a real number;
6 is not in the domain of r(x).
ey 288 1515
J—2+6 4 2

Domain of p(x)=1-x:xel
Domain of q(x) =~/3-x,
3-x2>0
-X>-3
x<3; xe(-0,3]

. 1-x
Domain of r(x) = N

3-x>0
—X>-3
X<3; xe(-w 3)

r(x) = W=

r(6) = L s
Ja-6 V3

+/=3 is not a real number;
6 is not in the domain of r(x).

o= LT
6 5 3



29.

30.

Domain of p(x)=x-5:xel]
Domain of q(x) =/x—5,
x-520
x>5; x e[5,»)

Xx-5

Jx-5'

Domain of r(x) =

X-5>0
X>5; XE(S,OO)

5 -11
T

~/—11 is not a real number;

—6 is not in the domain of r(x).

Domain of p(x)=x+2:xel]
Domain of q(x) =/x+3,
X+3>0

x>-3; xe[-3,»)

. X+2
Domain of r(x) = ,
W= s
X+3>0
x>-3; xe(-3,0
X+2
r) =200 =
X+3
6+2 8 8
V6+3 9 3
F(-6) = —6+2 :_4
J-6+43 -3

~=3 is not a real number;

—6 is not in the domain of r(x).

2.8 Exercises

188

Domain of p(x)=x*-36:xel]
Domain of q(x) =/2x +13,
2x+13>0

2x>-13

Bl 2]

Domain of r(x
]

2x+13>0
2x>-13

13 ( 13 j
X>-"; Xxe|-—,0
2 2

x* —36
\/ X+13

‘/ 6)+13 J_
(-6)°-36 0 _
o= 2(-6)+13 1 °

(=g (=

Domain of p(X)=x*—6x:xel]

Domain of q(x) =~/7+3X,
7+3x>0

3x=-7

2xe )
X2——; Xe|——,0

3 3

) X% —6X
Domain of r(x) = ,

N7 +3X

7+3x>0
3x>-7

?_6(~ 6) 72

,/7+3 NET]

=11 is not a real number,
—6 is not in the domain of r(x).

r(-6) =



Chapter 2: Relations, Functions and Graphs

B a2 f(x)- 6x (x) = 3x Product:
C _x—3'g T X+2 f(x)-g(x)=(2x+3)x-2)
6x =2x% —4x+3x-6
f(x _
() =0 - X3 _ox?-x-6
g(x) % Domain contains all values of x.
X+2 .
D.Xe(—oo,oo)
6X 3X 6X X+2 .
= - = . Quotient:
Xx—3 X+2 x-3 3x f(x) ox+3
2(x+2) 2x+4 — N
_AX+g) _x+2 g(x) x-2
X—3 X—3
2X+4 x-270
b. Domain of h(x):j,x;ts X #2

Xe (—00,3)U(3,oo) D:xe (—OO,Z)U(Z,OO)

c. Xx+2#0 36. f(x)=x-5 and g(x)=2x-3
X# -2, Sum:
3 Lo f(x)+g(x)=x-5+2x-3=3x-8
X+2 Domain contains all values of x.
x#0 D: x & (—w0,x)
A ) Difference:
34 a f(x)=—X g(x)=—2% f(x)-g(x)=x-5-(2x-3)
x+1 x=2 =X-5-2x+3
4x
F0_ xa1 - x-2
h(x)=——== ox Domain contains all values of x.
g0 2x D:xe (—oo,oo)
X—2
Ax o Ax X2 Product:
= = = R f(x)-g(x)=(x-=5)2x-3
Xx+1 x-2 x+1 2x ()zg() ( )( )
_2(x=2) 2x-4 =2x° -3x-10x+15
x+1  x+1 =2x2 -13x+15
- Domain contains all values of x.
b. Domain of h(x)=u,x¢—1 ) I I vat X
x+1 D: x & (~o0,0)
x € (—o0,~1)U(~1,00); Quotient:
c. x-2=%0 _f(x):_x—S
X% 2 g(x) 2x-3
2% 2x—-3%0
<270 2x#3
x=0 X £ —
2
35. f(x)=2x+3 and g(x)=x-2 3\ (3
sum: D:xa(—oo,—ju(? j

f(x)+g(x)=2x+3+x-2=3x+1
Domain contains all values of x.
D:xe (—oo,oo)

Difference:
f(x)-g(x)=2x+3-(x-2)
=2X+3-X+2=X%X+5

Domain contains all values of x.
D:xe (—oo,oo)
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37.

38.

2.8 Exercises

f(x)=x?+7 and g(x)=3x-2

Sum:
f(x)+g(x)=x2 +7+3x—2=x% +3x+5

Domain contains all values of x.
D:xe (—oo,oo)

Difference:
f(x)-g(x)=x2+7-(3x-2)
=x%+7-3x+2
=x%-3x+9
Domain contains all values of x.
D:xe (—oo,oo)

Product:
f(x)~g(x):(x2 +7X3x—2)
=3x3 —2x? +21x-14
Domain contains all values of x.
D:xe (—oo,oo)

Quotient:

f(x) x2+7

g(x) 3x-2

3x—2+#0
33X # 2

2
X#—
3

SHEENE

f(x)=x%-3x and g(x)=x+4
Sum:

f(x)+g(x)=x2 —3x+x+4=x%-2x+4
Domain contains all values of x.
D:xe (—oo,oo)

Difference:

f(x)-g(x)=x2 —3x—(x+4)
=x%-3x—x—4

=x?—4x—4

Domain contains all values of x.
D:xe (—oo,oo)

Product:

f(x)~g(x)=(x2 —3xXx+4)
=x3 +4x% —3x% —12x

=x3 4 x% _12x

Domain contains all values of x.
D:xe (—oo,oo)
Quotient:
f(x) x2-3x
g(x)  x+4

g(x)

Xx+4=0
X# -4

D:x e (~o0,-4)U(-4,)

39. f(x)=x2+2x-3 and g(x)=x-1
Sum:
f(x)+g(x)=x2 +2x—3+x-1
=x2+3x-4
Domain contains all values of x.
D:xe (—oo,oo)
Difference:
f(x)-g(x)=x? +2x—-3—(x~1)

=x% +2x-3-x+1

=x%+x-2

Domain contains all values of x.
D:xe (—oo,oo)

Product:

f(x)~g(x):(x2 +2x—3Xx—1)
=x3 - x% +2x% —2x-3x+3

=x34+x%-5x+3

Domain contains all values of x.
D:xe (—oo,oo)
Quotient:
f(x) x%+2x-3
g(x)  x-1
_ (x+3)(x—1):X+3
x-1

x-1=0

x=1
D:xe(-wl)ulw)
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40. f(x)=x%-2x-15 and g(x)=x+3

41,

Sum:

f(x)+g(x)=x2 —2x—15+x+3
=x%-x-12

Domain contains all values of x.
D:xe (—oo,oo)

Difference:

f(x)-g(x)=x2 —2x—15—(x+3)
=x%-2x-15-x-3
=x%-3x-18

Domain contains all values of x.
D: x & (—0,x)

Product:

f(x)-g(x)= (x2 —2x—15Xx+3)
=x3+3x? —2x? —6x—15x—45
=x3 +x%-21x—45

Domain contains all values of x.
D: x & (—0,x)
Quotient:

f(x) x2-2x-15

g(x)  x+3

(x+3)(x-5)

= _A" T _x-5
X+3

x+3=0
X # -3
D:xe(-0-3)u(-3x)

f(x)=3x+1 and g(x)=+/x-3

Sum:
f(x)+g(x)=3x+1++/x-3
Xx-=320

X=3
D:xel[3m)

Difference:
f(x)-g(x)=3x+1-/x-3
Xx-=320

X=3
D:xel[3)
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42,

Product:
f(x)-g(x)=(3x+1x-3
x-320

X>3
D:xe[3)

Quotient:

f(x)_ 3x+1
g(x) Vx-3
x-3>0

X>3

D:xe(30)

f(x)=x+2 and g(x)=+/x+6

Sum:
f(x)+g(X)=x+2+x+6
X+62>0

X=-6
D:xe[-6,0)

Difference:
f(x)-g(x)=x+2-x+6
X+62>0

X=-6
D:xe[-6,0)

Product:
f(x)-g(x)=(x+2Wx+6
X+62>0

X=—6

D:xe[-6,0)

Quotient:

f(x) x+2

gx) Vx+6

X+6>0
X> -6
D:xe(-6,x)




43.

44,

f(x)=2x2 and g(x)=~/x+1

Sum:
f(x)+g(x)=2x% +/x+1
X+12>0

X=-1
D:xel[-1)

Difference:
f(x)-g(x)=2x2 —/x+1
X+12>0

X=-1
D:xel[-1)

Product:
f(x)-g(x)=2x23y/x+1
X+12>0

X>-1
D:xel|-1Lw)

Quotient:
f(x)_ 2x?
g(x) x+1
X+1>0

X>-1

D:xe(-10)

f(x)=x2+2 and g(x)=+/x-5

Sum:
f(x)+g(x)=x2 +2+/x-5
Xx-520

X>5
D:xe[5x)

Difference:
f(x)-g(x)=x2+2-/x-5
x-=520

X=5

D:xel50)

Product:
f(x)+ g(x)z(x2 +2)\/E
x-=520

X=5

D:xel50)

2.8 Exercises
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45.

Quotient:
x% +1

_ 2(x+2)+5(x~3)
- (x=3)x+2)
_ 2X+4+5x-15
~ (x-3)x+2)

7x-11
(x-3)x+2)
X=320x+2=0

X#3  X#-2
D:xe(-0-2)u(-23)u(3x)
Difference:

2 5
f(X)—g(X)=m—m
_ 2(x+2)-5(x-3)
 (x=3)x+2)

_ 2X+4-5x+15
~ (x-3)x+2)

-3x+19
(x=3)x+2)
X=3#0x+2=0

X#3  X#-2
D:xe(-0-2)u(-23)u(3x)
Product:

100005 5

10
(x—=3)x+2)
10

x2 —x—6

X-3#z0x+2=0
X#3 X# =2
D:xe(-0,-2)u(-23)u(3x)
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Quotient:

X+2
_2(x+2)  2x+4
~ 5(x-3) 5x-15
X-3#0x+2=0

X#3 X # —2
D:xe(-0,-2)u(-23)u(3x)

46. f(x):% and g(x)=——

4(x +5)+1(x—3)
(x—=3)x+5)
_ 4x+20+x-3
"~ (x=3)x+5)
_ 5x+17
~ (x=3)x+5)
X=3#0x+5=0
X#3 X# -5
D:x e (~o0,-5)u(-53)uU(3,0)
Difference:

4 1
f0)-90)=-—=-+%
_ 4(x+5)-1(x-3)
~ (x=3)x+5)

_ 4x+20-x+3
"~ (x=3)x+5)
_ 3x+23

~ (x-3)x+5)
X-3#0 x+5%0

X3 X=-5
D:xe(-%-5)u(-53)u(3®)
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47.

48.

Product:

0-900-( 145 5

B 4
~ (x=3)x+5)
B 4
x2 +2x-15
Xx—3#0x+5=0

X#3 X# -5
D:xe(~0,-5)u(-53)u(3x)

Quotient:
[ 4 Y x+5
x-3 1
X+5

_A(x+5)  4x+20
~ x-3  x-3
x=3#0 x+5%0

X#3 X# -5

D:xe(-0,-5)u(-53)u(3»)

f(x)=x2 -5x—14

f(-2)=(-2f -5(-2)-14=4+10-14=0;

f(7)=(7)? -5(7)-14=49-35-14=0;

f(2)=(2)"-5(2)-14=4-10-14=-20;

f(a-2)=(a-2)* -5(a—2)-14

—a% _4a+4-5a+10-14
2

=a“ -9

g(x)=x -

g(-3 =(—3) -9(-3)=-27+27=0;
9(2)=(2)*-9(2)=8-18=-10;
9(3)=(3)°'-9(3)=27-27=0;

g(t+1)=(t+1) -9(t+1)
t 3t +3t+1-9t-9
-t34+3t2 _6t-8



2.8 Exercises

49. f(x)=+x+3 and g(x)=2x-5 h(x)=4g(x)-3
(@ h()=(feg)x)=flg(x)] —3x+4-3
=o(x)+3 = \3x+1
- Jx-5)+3 (b) ng;=(g[o(f;§x)
:m H(x)=g|f(x
(6) H( = (g f)x)= o[ (x) )= 3t )+ 4
~2(1(x)-5 ~3/x-3+4
=2Jx+3-5 © ggl_zlo
) 2x-2>0 .
2x>2 X>——
x=>1 3
Domain of h: x &L, ) omain of h: 4 xlx > -+
X+320 0 " { 3}
X>-3 1 )
Domain of H: x e [-3,) or [_5’00)’
x-320
50. f(x)=x+3 and g( )=v9-x? X>3
(8 h(x)= )= f[g(x)] Domain of H: {x|x > 3}
_g(x ) or [3,»)
=49-x*+3 an —ax—
() H() = (aep)x)=alp(x)] 52' (;)( )h(\)/:_(f g;)(?() v
= 9-(f (x)") h(x)= f[g(x)]
_ o (x+3) h(x)=+/g(x)+5
=4/4x-1+5
=9 (X" +6x+9) _Jaa
=~V-X* - 6x = Ja(x+1)
(©) 9—X220 =2Jx+1
-x2>-9 (b) H(x)=(go f)x)
X2 <9 H(x)= g[f (x)]
x<3 and x> -3 H(x) = 4(f (x))-1
Domain of h: XE[—3,3] =44x+5-1
2 _6x>0 (c) 4x+4>=0
~x(x+6)>0 4§ij
x<0 and x=-6 Domain of h: x> -1}
Domain of H: x & [-6,0] or [1.00):
51. f(x)=vx—3 and g(x)=3x+4 X+5i05
@ hx)=(f - g)x) Dor’r)1(ai_n_ofH: {X{x > -5}
)~ 1lo(x] oo
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53. f(x)=x%-3x and g(x)=x+2

(@)

(b)

(©)

h(x) = (f - g)(x)

h(x)= f[g(x)]

h(x) = (9(x)P - 3(g(x))
(x+2)2 3(x+2)

24 4x+4-3x-6

Domain of h: (—c0,c0)
Domain of H: (o0, )

54. f(x)=2x2-1 and g(x)=3x+2

(a)

(b)

(©)

h(x)=(f > g)x)
h(x)= f[g(x)]
h(x) = 2[g(x? _1)
=2(3x+2) -
2(9x +12x+4) 1
=18x% +24x+8-1
=18x% + 24X +7

H(x)=(g° f)x)
H(x) = g[f (x)]
H(x)=3(f(x))+2

= 3(2x2 —1)+2
=6x%—3+2

=6x2 -1

Domain of h: (—co0,c0)
Domain of H: (~e0,)

55. f(x)=x%+x—4 and g(x)=x+3

(@)

h(x)=(f = g)x)
h(x) = f[g(x)

h(x) = (g(x)f* + glx)-4
=(x+3P +x+3-4
=x%+6x+9+x-1

=x24+7x+8
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(b)

(©)

H(x)= (g f )x)
H(x)= g[f (x)]
H(x)= f(x)+3

21x-4+3

=x?+x-1

Domain of h: (—o0,00)
Domain of H: (~o0,0)

56. f(x)=x®-4x+2 and g(x)=x

(@)

(b)

(©)

57. f(x
(a)

(b)

(©)

h(x) = (f - g)x)
h(x)= f[g(x)]
h(x) = (g(x)* - 4(g(x))+ 2

(x—2P —4(x-2)+2
= X2 —AX+4-4X+8+2
X

2_8x+14
x)=(g° f)x)
x)=g[f(x)]

H(x)= f(x)-2

T T !l
—_—

Domain of h: (~o0,o0)
Domain of H: (—o0,o0)

)=|x-5 and g(x)=-3x+1
h(x) = (f o g )x)
h(x) = f[g(x)

h(x) =[g(x) -5
|-3x+1-5
(x)=(g fx)
(x)=g[f (x)
(x) = =3(f (x))+1
= 3(x|-5)+1
=-3x+15+1
=-3x+16
Domain of h: (~co0,c0)
Domain of H: (~o0,)

|III||



58.

59.

(a)

(b)

(©)

(@)

(b)

(x)=|x-2] and g(x)=3x-5 60. f(x)=—2 and g(x)= %
()= (F <)) ()(X) TS
~ a
E x)= |;[(g)](()x_)]2| (fog)(x):Forg(x) to be defined, x = 2.
=[3x-5-2 Forf[g(x)]—g(i)
=[3x-7| g(x) =0s0x=0.
:Ei;igg[:(i;§X) Domain: {X|x = 0,x 2]
- (b)
H(r)= 3|(f (x)-5 (g )(x): For f (x) to be defined, x .
=3x-2/-5
f
Domain of h: (—o0,00) For g[ f(x)]= f(x()XZZ’
Domain of H: (~o0,0) 3
f(x)¢250x¢—§.
f(x)=ﬂ and g(x)= > Domain: x|x¢—E x#0
X+3 X ) 2’
fo =f
(fog)(X):Fori(x() t)obedefined,x;to. ©) (_ _2)(1() _3[9_(X_)]3(X_2)__3x+6
_ 29X - - B -
Forf[900]= 5% o(x) X x
g(x)=-3 SOX %2, (g° f)(x) g[f( )
3 ( ) -3 -3
: 5 f(x X X
Domain: {x|x¢0,x¢—§} = f(x)—2 -3 _3)i2X
X X
. —3x -3 3
(go f)(x):Forf(x) to be defined, x = 3. = Ca-2x) = 3 ox 2x23

(©)

Forg[f(x)]= f?)

f(x)=0sox=0.

Domain: {x| X #0,X # —3}

(fog)x)= flg(x)]
5
_2(glx) _ ZU i
g(x)+3 §+3 5+3x
10x 10

“x(5+3x) 5+3x

(9o f)x)=g[f(x)]

5 5

5(x+3) _5x+15

2.8 Exercises

6. f(x):% and g(x):XL5

(a)
(fog)(x):Forg(x) to be defined, x 5.

For f [g(x)] = ?)

g(x) = 0 and g(x) is never zero.
Domain: {X|x =5}

(b)
(go f)(x):Forf(x) to be defined, x # 0.

Forg[f(x)]= f(xl)—5’

f(x)  2x  2x

X+3

f(x)¢550x¢%.

Domain: {x|x #0,X £ %}

196



Chapter 2: Relations, Functions and Graphs

(©) hlx)=(f = g)x) (©) h(x)=(f - g)x)
h(x)= f[g(x)] h(x) = f[g(x)]
‘ 3
h(X):W h(x) = o0
__4 __3
T T
x-5 x-2
=4(x-5) =3(x-2)
=4x-20 =3Xx-6
H(x)= (g f )x) H(x)= (g f )x)
H(x) = g[f (x)] H(x) = g[f (x)]
1 1
0= 150 0= TR
1 1
e R
~ ' 1 ~ ' 1
© 4-5x 3-2x
B 4—X5x :3—X2x
023 and alx) = 1 63. f(x)=x?-8 and g(x)=x+2
62 (a)() —and g(x)=—— ) (1 o )
(fog)(x )'Forg(x) to be defined, x = 2. 2. (fo0))= flg(x)
~(gx?)-8
Forf[g(X)]=—— ( y —(x+2)2 -8
g(x) = 0 and g(x) is never zero. =x?+4x+4-8
Domain: {X|x = 2 = X% +4x -4
(b) _ h(x)= x? +4x—4
(gof)(x):Forf(xl) to be defined, x = 0. h(5)= (5 +4(5)—4 = 25+ 204 = 41
For g[ f(x)] = , b. g(5)=5+2=7
f-2 lo6]= 1(7)
f(x)¢250x¢%. = (7% -8=49-8=41

Domain: {x| X#0,X# g}
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64. p(x) 2_8 and q(x)=x+2 f(x)=2x+3,g(x )ZX__?’
H(x) = (poq)(X) 2
a. (pea)x)=pla(x)] a (fof)(x)="f(f(x)
- (a(xp)-8 =2(2x+3)+3=4x+9
—(x+2F -8 b. (g09)(x)=9(a(x)
=x%+4x+4-8 _%3—3 x-3-6_x-9
:x2+4x—4; 4
H(x)= x? +4x — 4; c. (fe X): f(g(x))
H(-2)=(-2f +4(-2)-4 ( HJea-x-3e3-x
=4-8-4=-8
b. q(-2)=—2+2=0 d. (gef)(x)=a(f(x)
pla(-2)]= p(0) 2”23 :%:x
=(0f-8=0-8=-8
3 69. a. C(5)=6000
65. h(x)=(vx-2+1) -5 b. T(8)=3000
Answers may vary. C.  C(9)+T(9)=6000-+2000 = 8000
g(x)=vx-2+Lf(x)=x"-5 d.  C(9)-T(9) = 60002000 = 4000
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70. a. M (2) =$12 million
66. h(x)=¥x*-5+2 b. P(5)=$12 million
Answers3may v C.  M(9)+P(9) =12 +8=$20 million
p(x)=¥x+2,9(9=x" -5 d.  P(L0)- M (L0) =14 — 4 = $10 million
67. f(x)=2x-1g(x)=x"-1 71. a R(2)=$Lbillion
h(x) =x+4 b. C(8)=$5 billion
a p()=f[g([h(x)])] c. R(t)=C(t)
p(x) = f [(X+4)2 _1] I?:rgl)(e;eF\Q/(etr; :2003, 2007, 2010
- 2[(“4)2 _1}1 d t € (2000,2003) U(2007,2010)
_2(x+af 2.1 e. R(t)>C(t),t e (2003,2007)
f.  R(5)-C(5) =5-1=$4 billion
=2(x+4)° -3
b. R(6)=9%5 billion
q(x) =g 2(x+4)-1] ¢ R{)=D()
=g[2x+8-1]=g[2x+7] 2001, 2004, 2007
=(2x+7)2 -1 d.  R(t)> D(t),t «(2000,2001) U (2004, 2007)
€. R(t) < D(t),t €(2001,2004) U (2007,2010)
f.  D(t)+R(t)

D(10) + R(L0) = 6+ 3 = $9 billion



73. a.

74. a.

Chapter 2: Relations, Functions and Graphs

(f+9)(-4) = f(-4)+g(-4)
=5+(-1)=4

(f-9)@® =71 9@
=013)=0
(f-9)4)="1(4)-9(4)
=5-3=2

(f +9)(0)=f(0)+9g(0)
=1+2=3

f@_-1
U()‘g(z) 3
(f-9)(-2) = f(-2)-9(-2)
=3(2)=6
(9-H)2=9(2-f(2)
=3(-1)=-3

(f —9)(-1) = f(-1) - g(-1)
=2-1=1

(f +9)(®) = f(8)+9g(®)
=-1+2=1

(1]( )—ﬂ :1 undefined
g 0

(9o (4) g(f(4))
g(5)= 5 =05

(fog)@®="f(9(4)
=f(3)=2

(p+a)(-4) = p(-4)+q(-4)
=4+(-4)=0

(p-9)®) = p@)-q@)
=4(-3)=-12
(P-a)(4)=p(4)-a(4)
=2-0=2

(p+9)(0) = p(0)+q(0)
=1+1=2

pd) 1
( ]( =16 "6
(p-a)(-2) = p(-2)-q(-2)
=-3(2)=-6
(a-p)(2)=4a(2)- p(2)
=—4(5) =-20
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75.

76.

77.

78.

79.

80.

h. (p-9)(-)=
=-2-3=-5

i (p+a)(7)=p(7)+a(7)
=6+(-3)=3

. p(6) 2 .

J- ( ]( )=—= a0 =0 undefined

k. (g°p)(4)=q(p4)
=0q(2)=-

. (peq)(-D=p(a-D)

-1
=p@)=4 :?

p(-1)-q(-1)

h(x) = () -9(x)
:5—(gx+1):5—gx—l
3 3

:—gx+4
3

h(x) = f(x)-g(x)
= (2x+1)-3=2x-2

h(x) = f(x)—g(x)
:(Sx—xz)—x=4x—x2

h(x) = f(x)—g(x)
:[—(x—3)2+13]—(x—2)2
=—(x2 —6x+9)+13—(x2 —4x+4)

=X’ +6x-9+13-x* +4x—4
=-2x" +10x

A = 4071 + 27r°
A=27r(20+r)

Alr)=(f -g)r)

f(r)=2zr,g(r)=20+r

A(5) = 27(5)(20+5) =107(25) = 2507 units’

A(r)=P@+r)

g(r) =1+r, f(r) =1000r° Answers will

vary.



2.8 Exercises

81. Revenue: R(x) =40,000x
Cost: C(x)=108,000+ 28,000x

82.

83.

84.

a.

P(x) = R(x)-C(x)
=40,000x —108,000 — 28,000x
=12,000x 108,000

Break even when P(x) =0
12,000x —108,000=0

12,000x =108,000

Xx=9
9 boats must be sold to break even.

C(t)=0.1?+2

C(10)=0.1(102 +2=10+2 =12
$12,000

D(10) = 0.1(10)* - 2(10)+1
D(10)=10-20+1=-9

$9,000
P(t)=R(t)-T(t)
P(t) =10Vt - (0.162 + 2t + 3)

104t —0.1t2 — 2t -3

P(t)

Revenue: R(x) =1.50x P(t)=10vt 0.1t — 2t -3
Cost: C(x) =900+ 0.25x P(5)=1045 - 0.1(5)* - 2(5)-3
a  P()=R(X)-C(x) P(5)= 10% 25-10-3
_ _ P(5) =105 -15.5
=1.50x — (900 + 0.25x) ES% 'y
=1.25x-900 _ - 2 oo
b. Break even when P(x) = 0 P(lO) =10y10 ~0.1(10)" ~2(10)-3
1.25x-900 =0 P(10)=1010 ~10—20-3
1.25x = 900 P(L0) = 10410 - 33
X =720 P(10)= -1.377
720 newsletters must be sold to break -$1,377
even. No profit was made in the 10™ month.
c. Letx=1000 There was a loss.
P(1000) =1.25(1000) —900 = 350
$350 will be returned. 85. f(x)=05x-14; g(x)=2x+23
h(x) = (f g)(x)= flg(x)]
a. P(n)=R(n)-c(n) h(x) = 0.5(g(x))-14
P(n)=11.45n-0.1n* - 0.5(2x +23)-14
b. P(12)=11.45(12)-0.1(12) = x+11.5-14

=137.4-14.4 =$123
c. P(60)=11.45(60)-0.1(60)
= 687 — 360 = $327

=x-25;
h(13)=13-2.5=10.5

d. Atn= 115, costs exceed revenue, 86. E(x)=1.12x; Y(x)=1061x
C(115) > R(115). (a) E(L00)=1.12(100)=112 euros
(b) Y(112) = 1061(112) = 118832 yen
a T(t)=M()+C() © M(x)=(Y o E)x)=Y[E(x)]
T(t)=2t+1+0.1t% + 2 M (x) = 1061(E(x))
T(t)=0.1% + 2t +3 =1061(1.12x)
b. D(t)=C(t)-M(t) =1188.32x;

M (100) = 1188.32(100) = 118832 yen

D(t)=0.1t% +2— (2t +1
( + ( +) Parts b and c agree.

)

)=

D(t)=0.1t> +2-2t -1
D(t)=0.1t? -2t +1
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87. T(x)=41.6x; R(x)=10.9x

(a) T(100)=41.6(100) = 4160 baht
(b) R(4160)=10.9(4160) = 45,344

(©)

88. rlt)
(@)

89. r(t)

rRinggit

M(x)= (R=Tx) = R[T (x)}

M (x) = 10.9(T (x))
=10.9(41.6x)
= 453.44x;

M (100) = 453.44(100) = 45344 ringgit

Parts B and C agree.

2t; A=mr?
Alt)=(Aor)t)= Alr(t)]
= 2(r(t)f?
= 7[(2t)2
= 4nt?
A(60) = 47(60)?

A(2)=97(2) = 367 ft?
The answers do agree.

90. r(t)=1.05t; SA = 4zr?

(A)
(B)

(©)

r(2)=1.05(2)= 2.1 Gm
SA = 47(2.1

SA =17.647 Gm?
h(t)= (S o r)t)= s[r(t)]
h(t) = 47 (1.05t)’

h(t) =4.41xt?

The answers do agree.

— 144007 m?
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91

92.

93.

94.

C(x) = 0.0345x* — 0.8996x° + 7.5383x> —
21.7215x + 40
L(x) = —0.0345x* + 0.8996x°> — 7.5383x? +

21.7215x+10

(@) Using the grapher, 1995 to 1996; 1999
to 2004

(b) Using the grapher, 30 seats; 1995

(c) Using the grapher, 20 seats; 1997

(d) Using the grapher, the total number in
the senate (50); the number of
additional seats held by the majority.

(g f)(X) g[f(x)]
=AU +2-2=x

Answers will vary.

f(x)=+1-x and g(x)=~/x—2

Using the grapher,

(f +g)(x) cannot be found because their
domains do not overlap.

a  (fog)(x)="f(g9(x)
1 1
f(m) (m)2_4 |x+1-4
1
"
b. Domain of h(x)
1 1
x+1-4 x-3
1 1
~(x+1)-4 -x-5
Yes, Domain includes x = 2, x = -2, x =-3.
c. Domainof f:x#2,x#-2;
Domainof g:x+1>0
x>-1
Domain of h:[-1,2)u(2,3)u(3,%)
For x> -1, 2 is not in the domain of f

and 3 is not in the domain of h. Thus, 2
and 3 are not in the domain of h.

X Z3;

X # =b;



95. f(x)=(x-3)"+2,9(x)=4[x-3-5

X f) | g(x) | (F9)(x)
-2 27 15 12
-1 18 11 7
0 11 7 4

1 6 3 3

2 3 -1 4
3 2 -5 7
4 3 -1 4
5 6 3 3
6 11 7 4
7 18 11 7
8 27 15 12

Y DR TR

2.8 Exercises

(b)

(©)

L ¥

98. 2x2-3x+4=0

X
96. 2+ 3iand 2 -3i
Sum:
(2+3i)+(2-3i)=4
Product:

(2+3i(2-3i)=4-9i2 =4+9=13

97. f(x)=+x; g(x)=3x; h(x)=|x

202

99. -2x+3y=9

3y =2x+9

Slope of a line perpendicular is —%.

y— intercept (0,0);

Equation: y = —gx
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Chapter 2 Summary and Review

L fj;—{ N

3
|I -4 I—: I|
| =1 |
.-""r ]

3 1

\J—"',f

X {-7,-4,0,3,5}
ye{-2,0138]

X y

- y=4/25—-(-5)" =0
-4 y=y25-(-4) =3
2 y =25 (~2) ~ 458
0 y=~25-0% =5

2 y=425-(2)" ~4.58
4 y=25-(4) =3

° y=25-(5) =0

Domain: x € [-5,5]
Range: y €[0,5]

3. (19,25), (-14,-31)
d = /(~14-19)" +(-31-25)’

=/1089 + 3136 = /4225 = 65
65 miles

203

4.

(19,25), (-14,-31)

Midpoint: (19+ (-14) 25+ (—31)]
2 ' 2

(2 26) (g’_sj

X2 +y? =16
Center (0,0), Radius 4
AY

X2 +y*+6x+4y+9=0
X2 +6X+9+y’ +4y+4=-9+9+4
(x+3)2+(y+2)2 =
Center (-3,-2), Rvadiusz
AY

(-3,0) and (0,4)
To find the center, find the midpoint.

Eome

To find the radius, find the distance between

Radius: 2.5
Equation: (



(-4, 3) and (5, -2)

Slope triangle: —g

(14,-7)

Summary and Review

10. a. y=3x-2

(3,4) and (-6, 1)
Slope triangle: %

(0,3)

L.y (-2,0) and (0, 6)
6-0 6

m= [
0-(-2) 2

L,: (1,8)and (0, 5)
5-8 -3

Mm=—=—=
0-1 -1

Parallel

Li: (1,10)and (-1, 7)
7-10 -3 3

m= __2_2
-1-1 -2 2

L,: (-2,-1)and (1,-3)

_3-(1)_-=2

1-(-2) 3

Perpendicular

11. a. 2x+3y=6
x—intercept: (3, 0) y—intercept: (0, 2)

2x+3(0)=6  2(0)+3y=6
X=3 y=2
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b. y=%x—2 14. ngzé; y—intercept (0, 2)
) 3 . When the rodent population increases by
x—intercept: [E :0] y-intercept: (0,-2) 3000, the hawk population increases by 200.
4
= — — 4
0=3x-2 y= g(o)— 2
a2y y=—2 15. a. 4x+3y-12=0
3 3y =-4x+12
6 =X 4
4 y=——x+4
3
3_ X 4
2 m= -3 ; y—intercept (0, 4)
b. 5x-3y=15
-3y =-5x+15
5
=—Xx-5
Y 3
5 .
m =3 y—intercept (0, -5)
:"“5’3' : ,
12. a. x=05; vertical 2 .
b. y=-4; horizontal m = - ; y-intercept 0, 1)

LY

13. (=5,-4) (7, 2) (0, 16) b.
no16-2_ 14, .
0-7 -7 ’ m=>2: y—intercept (0, —=3)
m= 2-(-4) _6_1 Slope rises
7-(-5) 12 2
Yes
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Summary and Review

20. 4x-3y=12;(3,4)

17 a -3y =—4x+12
4
=—Xx-4
y 3
y-4=—(x-3)
y-4=—x-4
y=-X
f(x)==x
b.
21. m :g ; y—intercept (0, 2)
2
=—X+2
y 5
When the rabbit population increases by
500, the wolf population increases by 200.
22. a. m:—% ; (6, 60)
y—60:—§(x—6)
18. (-2,5) 15
X=-2;y=5 y—60=——x+45
Pointisony =5. 2
15
y=——x+105
19. (1,2)and (-3, 5) 2
o 5-2 3 b. x-intercept: (14, 0); y-intercept: (0,105)
—3-1 4 Oz—Ex+105
2 (1-1) :
— 2 =——(X—-
y 4 -105= —Ex
yo2=-3x43 210 = 125
T4 s T =X
yo-dyild
4 4 y= —?(0)+105

y =105

c. f(x)= —%x+105
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23.

24,

25.

26.

b. g(x)=

Chapter 2: Relations, Functions and Graphs

d. f(20)=—%(20)+1o5
=-150+105
=45,
15- -y 1105
2
-90= ] X
2
~180 = -15x
12=x

a. f(x)=+4x+5

4x+5>0
4x > -5

X—4
x> —Xx-6
x> -x-6=0
(x=3)(x+2)=0
x—-3=0o0rx+2=0

X=3 orx=-2
These values must be excluded because
they cause division by zero.

X & (—0,-2)U(-2,3)u(3,»)

h(x) = 2x* —3x
h(-2) =2(-2)° -3(-2) =14;

2
o(-2)-o(-2) o-Z)-L.22
3 3 3 9 3 9

h(3a) = 2(3a)’ —3(3a)=18a* -9a
It is a function.

. a D={-1012345}
R={-2-101234}

b. f(2)=1
c. Whenf(x)=1,x=2

. a Xe(—oo,oo)
ye (—oo,oo)
b. f(2)=-1
c. Whenf(x)=1,x=3

Nl a.  xe[-3,0)
y €[-4,)
b. f(2)=-15

c. Whenf(x)=1,x=-30r3

27. D:xe (—oo,oo)
R:ye[-50)
f(x)T:xe(2,0)
(x)d:x e(-0,2)
(x)>0: xe(~0,~1)U(5»)
(x)<0: xe(-15)

f
f
f

28.D:x¢e[-3,)
29. D:xe(—o0,)

30. a f(-x)=2(-x)" —¥~x

=-2x5+3%x , odd

b. g(-x)= (—x)4 -

—X
—X
3

. IX
=x*-=—=,even
X

c. p(=x)=[3(—x)[-(-x)
p(-x) =[3] +(x)’, neither
(-)* -|x
—X

2
_ (X) _|X| , odd

3

d g(-x)=
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Summary and Review

f(%)-f(x) 5+4--3+4

31. a. X, —x 5_(_3)
0 3-1 1
8 4
Graph is rising to the right.

b, Ao+ - ()
h
(x+h) = (x+h)—(x*=x)
h

X2+ 2xh+h’ —x—h—x"+Xx

h
_2xh+h*—h
-
x=2,h=0.01
2(2)-1+0.01=3.01

=2x-1+h

32. Zeroes: (-6, 0), (0, 0), (6, 0), (9, 0)
Minimum: (-3, -8), (7.5, -2)
Maximum: (-6, 0), (3, 4)

LY

33. Squaring function
a. up on left/up on the right
b. x-intercepts: (-4,0), (0,0)
y—intercept: (0,0)
c. Vertex: (-2,-4)
d. Xxe(-0x),ye[-4x)

34. Square root function
a. down on the right
b. x-intercept: (0,0)
y—intercept: (0,0)
c. Initial point: (-1,2)
d. Xe[—l,oo),ye(—oo,Z]

35. Cubing function

a.
b.

C.

e

down on left/up on right
x—intercepts: (-2,0), (-1,0), (4,0)
y—intercept: (0,2)

Inflection point: (1,0)

X & (~e0,0). Y & (=0,00)

36. Absolute value function

a.
b.

C.
d.

down on left/ down on right
x—intercepts: (-1,0), (3,0)
y—intercept: (0, 1)

Vertex: (1,2)

X € (—o0,),y e(—»,2]

37. Cube root

a.
b.

C.
d.

up on left/ down on right
x—intercept: (1,0)
y—intercept: (0,1)
Inflection: (1,0)

X € (—0,0),y € (—o0,0)

38. f(x)=—(x+2)> —5; Quadratic

39. f

(x)=2|x+3; Absolute Value

b ¥
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40. f(x)=x®-1; Cubic 43. a. f(x-2)
¥ Right 2

b

b. —f(x)+4
Reflect, up 4
LV

1
Ay ¢ 310

L

5 x<-3
44, a.  f(x)=4-x+1 -3<x<3
3Wx-3-1 x>3

Yy =5; Yy =—x+1; Y3=3/x-3-1
b. R:ye[-2»)
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45,

46.

Summary and Review

x* —=2x-15
X+3
-6 X=-3

#-3

h(x)=

Xe (—oo,oo)

y € (—o0,-8)U (-8, )
Discontinuity at x = -3
Define h(x)=-8 at x=-3

Xx=>3

3[9

X< -2
4 2  —2<x<3

p(-4)=-4
p(-2)=-- 2| 2=-2-2=-4;
p(25)=—2.5-2=-25-2=-45;
p(2.99)=—2.99-2=-2.99-2=-4.99;
p(3)=3v3-9;
p(3.5)=33.5-9
24-x-3-4 x<-3
q(x)=1-2/x+2 ~3<x<3
2Ux-3-4 Xxz3

48.

49,

50.

51.

52.

53.

210

Hours
20x X<2
f(x)=430x-20 2<x<4
40x — 60 X>4

f(x)=x2+4x and g(x)=3x-2
(f+g)a)=f(a)+g(a)
=a%+4a+3a-2

=a2 +7a-2

(

x2 +4x and g(x)=3x-2

)=
f-9)3)=1(3)-9(3)
3 +

)

43))36)-2)

12)9-2)

1)7)

47

I
6\’6’\/-\

I
[y

f(x)=x2+4x and g(x)=3x-2
f X2 +4x
=

p(x)=4x-3; q(x)=x2 +2x;
(pea)x)= pla(x)]
=4(qa(x))-3

:4(x2 +2x)—3

=4x% +8x-3

p(x)=4x-3; q(x)=x2 +2x;
(a° pX3)=alp()]

p(3)=4(3)-3=12-3=9
q(9)=(9)? +2(9)=81+18=99
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54. p(x)=4x-3; q(x)=x2+2x; and Chapter 2 Mixed Review
X+3
(=== 1 4x+3y=12
(por)x)=plr(x)] 3y =—ax+12
=4(r(x))-3 y=—2x+4
:4[“3]_3 3
4 2. x-2y-8
=X+3-3
—y -2y =-X+8
' 1
(re p)x)=rp(x)] y=ox=4
_p(x)+3 1
Ty Slope: E; Slope of perpendicular line: -2
_Ax-3+3 y—3=-2(x-1)
" 4 y—3=—2x+2
7 y=-2X+5
=X
3. a f()= 0t
55. h(x)=+/3x-2 +1; o Xooxd
X°—5x+4=0
fx :ﬁ+l;
g((x))=3x—2 (x=4)(x-1) =0
X—4=00rx-1=0
2 1 x=4 orx=1
56. h(x)=x®-3x*-10 These values are restricted because they

cause division by zero.
Domain: (—0,1)U(1,4)uU(4,x)

1
g(X): x3 b. X) =
g(x) o3
57. r(t): 2t+3 Set the radicand greater than zero. (Zero
’ must be excluded because the radical is
Alt)= (2t +3) in the denominator.
2x—-3>0
58. a. (f+9)(-2)=f(-2)+9(-2) 2x >3
=-1+5=4 3
b. (gof)E)=g(f(©)) 3
9(0)=7 Domain: (E ooj
c. (9-H)M)=9(M)-1() 2’
= 5—(—1) =6
d. a0 _9@0 _ 1
f f (10) 5

e (flg)®)=f()E) =7(2)=14
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Chapter 2 Mixed Review

b. p(3a)=—(3a)’ +3(3a)-1
=-9a*+9a-1

c. p(a-1)=—(a-1)"+3(a-1)-1
=—(a’-2a+1)+3a-3-1

=-a’+5a-5

m = —g ; y—intercept (0,-2)

3
= Zx-2
y 2
a.  Domain:[-4,3]
b. g(2)=3;
c. gk)=-3k=-4

L :(=3,7).(2,2)
L 2=T7
Slope: 2_(_3)— L

L, :(2,2),(55)

Slope: 5-2 =1
5-2

Lines are perpendicular. Vertex of right
angle is (2, 2).
Radius: distance between (-3,7) and (2,2).

d=/(2-(-3))} +(2-7)* =50;
Center (2,2), radius J50
Equation: (x—2)2 +(y—2)2 =50

End behavior: up, up; Vertex: (1,-4)
x=1,(-1,0),(3,0),(0,-3)

212

3

=—X-2
Y 5
y—intercept (0,-2)

10. f(x):4x—%x2, f(x)<0

(—oo,O)U(3,oo)

Rate of change is positive in [-2, 1]
since p is increasing in (—,2).

The rate of change in [1, 2] will be less
than the rate of change in [-2, —1].

Ap_p@)-pW) _8-6_,.

AX 2-1 1
Ap _p(Y)-p(2) _-10-(24 _,,
A —1-(-2) 1

A(t) =10006°"
For [10,10.01],
1000e0.07(10.01) _1000e0.07(10)

~141.0;
10.01-10
For [15,15.01],
0.07(15.01) _ 0.07(15)
1000e 1000e ~200.1
15.01-15
For [20,20.01],
0.07(2001) _ 0.07(20)
1000e 1000e ~ 284.0;

20.01-20
In the interval: [15, 15.01]
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15. f(x)=x*+1,g(x)=3x-2

12. f(x)— ,g(x) 3x-2
- f (x+h)—f(x)
( I “
2 2
[ j [(x+h) +1]—[x +1]
1, h
2~ X2+ 2xh+h? +1-x* -1
3.4 "
:2_:_l+i _2xh+h =h(2X+h):2x+h;
3 2|3 h h
1 4 4 g(x+h)—g(x)
4 4 —
W S . [3(x+h)-2]-[3x~2]
2 4 8 h
_3x+3h-2-3x+2 3,
13. f(x)— ,g(x) 3x—2 - h “h
For small h, 2x+h =3
(fog)(x>:; 3
(3X—2)2 -1 when x =
_ 3 B 3
Ox* —12x+4-1 9x* -12x+3 16. g(x)=-2|x+3|+4
_ 3 _ 1 Absolute Value, shift left 3, reflect and
3(3x* —4x+1) 3x*-4x+1 stretch up 4
To find domain, 3x* —4x+1=0
(3x-1)(x-1)=0
x=1,x=1
3
1 1
Domain: | —o0,= |U| =,1 u(l,oo)
3 3
5 0<x<8
14. h(x)={x-3 8<x<15
—2x+40 x>15 17. a. D:Xe(—oo,G]
R R:y e (0]

b. Min: (3,-3)
Max: y =3 for x e (-6,-3); (6, 0)

c. g(x)T: xe(~0,-6)U(36)

g(x)d: xe(-33)
g(x) constant: x e(-6,-3)
d. g(x)>o xe(-7,-1)
g(x)<0: xe(-0,-7)u(-16)
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Chapter 2 Practice Test

18. Zeroes: (2, 0), (10, 0)

Max: (15, 10)
Min: (5, -10)
....y:,." ¥
L4l

6
IR T

19. x-intercepts: (-1, 0), (1.5, 0)

20. m

y—intercept: (0, 3)
f(x)=a(x+1)(x-15)

f(x)=-2x"+x+3

431-257 174
T 0-25 —25
y—y1=m(x-x)
y—431=-6.96(x-0)
y = —6.96x + 431

f(33) = —6.96(33)+ 431 = 201.32
201,320 deaths from heart disease in 2008.

=—6.96
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Chapter 2 Practice Test

1.

4.

a. x=y2+2y
b. y:vgj§;
c. |y+1=x

d. y:x2+2x

a and c are non—functions, do not pass the
vertical line test.

L : 2x+5y=-15
5y =-2x-15
2

=——x-3
y 5

2
g:y=§x+7
Neither

X+4y =38
4y =-x+8

1
=—=X+2
Y 4

X2 —4x+y*+6y=3

X2 —4X+4+y* +6y+9=3+4+9
(x-2)" +(y+3)" =16
Center:(2,-3); radius: 4




Chapter 2: Relations, Functions and Graphs

Point (2,-2), slope —g

y=(-2)=-5(x-2)

6. 12
Yy+2=—=X+—
5 5
yo 55,2
5 5

(20, 15) and (35, -12)

M — (— 20+35 , 15—12) _ (7.5,1.5)
2 2

b. d=4(-20-35)2 +(15+12)2
d =/(-55)" +(27)°
d =+/3025+ 729
d =+/3754
d ~61.27 miles
L1:x=-3
L y=4

a  xe{-4-20,2,4,6}
y € {_21_110111213}

b. xe[-2,6]
y €[14]
a. W(24) =300
b. h =30 when W(h) = 375

c. (20, 250) and (40, 500)
- _500-250 250 _25
40-20 20 2

25
W(h)=—h
n)-2

. Wages are $12.50 per hour.
e. hel0,40]
w e[0,500]

10. Graph |
a. Square Root
b. xe[-4,0)
ye [_31 OO)

c. X-intercept: (-2, 0)
y—intercept: (0, 1)
Up on right
(_21 oo)

[_41_2)
raph Il

Cubic

X € (—o0, 0)

y € (_OO! Oo)
x—intercept: (2, 0)
y—intercept: (0, -1)
Down on left, up on right
(2,)
(-=,2)
raph 111
Absolute value
X € (—o0, 00)
ye (_0014]
x—intercepts: (-1, 0) and (3, 0)
y—intercept: (0, 2)
Down/down
(_11 3)
(—oo,-) U (3, oo)
raph IV
Quadratic
X € (—o0, )
y e[-5.5, 0]
x—intercepts: (0, 0) and (5, 0)
y—intercept: (0, 0)
Up/up
(~o0,0) U (5, 0)
(0,5)

e 0o

134

e e

124

T e

134

© o

=-h

2

2—

11, f(x)="%
X




Chapter 2 Practice Test

2-(a+3)

(a+3)2
2-(a®+6a+9) 2_a’_6a—9
a’+6a+9

b. f(a+3)=

a’+6a+9
_—a’-6a-7
~ a’+6a+9
2—-(1+2i)
(l+2i)2
2—(1+4i+4i2) 2_1_4j—4i?

1+4i+4i2 1+4i-4
1-4i+4  5-4i
3440 -3+4i
5-4i -3-4i —15-20i+12i+16i’
—3+4i —3-4i 9-16i
~15-8i-16 -31-8i
9416 25
_31_8;
25 25

c. f(1+2i)=

12. f(x)=x*+2,9(x) =+3x-1
(f og)(x):(\/3x—l)2 +2=3x-14+2

=3x+1;
To find domain: 3x—-1>0
3x>1

X>=

3
el 3
Domain: x e 5,oo

13. S(t) =2t* -3t
a.  No, new company and sales should be
growing.
b.  For [5,6],5(5) =2(5)* —3(5) =35
S(6) =2(6)* —3(6) =54
54-35

19

Rate of Change:

For [6,7],5(7) = 2(7)? -3(7) = 77
77-54 _

23

Rate of Change:

2(t+h)’ —3(t+h)—(2t* - 3t)
h
2(t* +2th+h*)—3t—3n—2t* + 3t
- h
2t” +4th+2h* —-3h—2t?
B h
_ 4th+2h*-3h

=4t-3+2h

For small h:

4(10) —-3=37,4(18) —3 =69,

4(24)-3=93

For small h, sales volume is

approximately

37,000 units in month 10,
1mo

69, 000 units in month 18,
1mo

93,000 units
1mo

in month 24

14. f(x)=|x-2/+3
Right 2, up 3

15. g(x)=—(x+3)% -2
Left 3, reflected across x—axis, down 2
L ¥
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16. r(t):ﬁ;V(r):%;zrs 4 x<-2
a  (Vor)t)=V[r(t) 18. h(x)= )2(>2< ;Zgzxsz
V(t)=%7r(x/f)3 h(-3)=4,
_4 yef h(-2)=2(-2)=-4,
" . h(EJ:[EJZ:GZS
v(g):fn(ﬂ) 2) \2 '
3 b.
V(9)=367 in® -
17. a. D:xe[-4,0)
R ye[—3,oo)
b. f(-1)~22

f (x)d:none
e. Parentgraph: y=x
Graph shifts left 4, down 3 19.
y=avx+4-3
3=a/0+4-3
3=a/4-3
3=2a-3
6=2a
3=a

y=3vx+4-3

20.

Ch 2 Calculator Exploration

Ch. 2 Strengthening Core Skills

Exercise 1: y = —5(x+4)2 +6;(—4,6)
f(x)=x?—8x—12

Exercise 1:
Exercise 2: (2, 3), est: (0, 8), b -8
computed: (0, 8.0396842), very close %2 = @ =-4
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Cumulative Review Chapters 1-2

g(x)=x+4

h(x)= flg(x)]= f(x+4)
=(x+4)? -8(x+4)-12
=x? +8x+16-8x-32-12
=x%-28

x2-28=0

x° =28

x:J_rZﬁ;

4+ 247

Exercise 2: f(x)=x%+4x+5

Exercise 3: f(x)=2x% -10x+11

b _-10_5

2a 2(2) 2
5

g(x)_x+5

h(x)= f[g(x)]= f(x+gj

2
=2 x+E -10 x+E +11
2 2

:2(x2+5x+§j—10x—%+11

=2x2+10x+57?—10x—5—20+11

Cumulative Review

Chapters 1-2

(x3 —5x2 4+ 2x—10)+(x—5)
_ x*(x=5)+2(x-5)

X—5
(x—5}_{x2+2!
- X—5
=x%+2
2—-x<5 and 3X+2<8
-x<3 3x<6
X>-3 X<2

Solution set: —3<x<2



Chapter 2: Relations, Functions and Graphs

3. A=rxr?
69=rr?
69 o

r
T

21.96 ~ r?
4,686 ~ r;
C=2rnr

C= 27:(4.686)
C ~29.45cm

4. A=2xr?+2xrh

2712 +27th—A=0
- hty(2zh)? —4(27)-A)
- 2(2r)

—27h+47%h? + 4(27A)

iy
-2 hi1/4iﬂ2h2+27Z'Ai
- A

. _~2zht2yz’h? +27A
Viyi4

—zh+v7z?h? +27A

2

r =

r

r=

5. —2(3-x)+5x=4(x+1)-7
—6+2X+5x=4x+4-7
Tx—6=4x-3
3x=3
x=1

-2 2

JHRC SR

7. a. (-4,7)and(2,5)
_7-5 2 1
—4-2 -6 3

b. 3x-5y=20
-5y =-3x+20
3
y—5x 4
ng
5

219

8. a f(x)=+vx-2+3
Right2,up 3

L ¥

b.  f(x)=—|x+2]-3
Left 2, reflected across x-axis, down 3
| ¥

1
9. (-3,2); m==
(=3,2) 5




Cumulative Review Chapters 1-2

10. x2-2x+26=0 x2 -4 x<2
5 _ 13. f(x)=
(1+5i)* —2(1+5i)+26 =0 x-1 2<x<8
1+10i +25i2 —2-10i + 26 = 0 a. D:ixe(-og]
1+10i —25-2—10i + 26 = 0 R:ye[-4,:)
0=0 b. f(-3)=(-3)°-4=9-4=5;

11. f(x)=3x2—6x and g(x)=x-2
(-g)x)= f(x)-g(x)

= (Sx2 - GXXX -2)

=3x3 —6x2% —6x2 +12x c. (-2,0)
=3x3 —12x2 +12x d f(x)<0:xe(-22)
_ f(x) f(x)>0: x € (~0,-2)U[2,8]
f- -\

( g)(x) Q(X) e. Max: (8,7)

2 Min: (0, —4)
— 3XX_26X f. f(x)™ xe (0,8)
3x(x-2) f(x)4: x e (~0,0)
T ox-2 ‘

=3X; X#2;

(g0 f)-2)=g[f(-2)}
f(-2)=3(-2)" —6(-2)=24;
9(24)=24-2=22

12. y:%x—Z;y—intercept: (0, -2);

1
=3 14. £(x)=x% and g(x)=x3
L A f(0.6)- f(o.5)=1_1;
Ax 0.6-0.5
AX 0.6-0.5 o

f(x) increases faster.
Af _ f(1.6)-f(L5)

b. =3.1;
AX 1.6-15
Ag _9(6)-9L5) ..
AX 1.6-15 Y

g(x) increases faster
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Chapter 2: Relations, Functions and Graphs

15 8 — 2 |1
x“-3x-10 X+2
-2 1
= +
(x=5)x+2) x+2
__ 2 Ax-H)
~ (x=5)(x+2) (x-5)x+2)
_ —2+x%-5
(x=5)x+2)
_ X=T
(x—=5)x+2)
b2 ¢ b? dac b%-4dac
b. 2 a4 a2 aa2 2
4a° @ 4da“° 4a 4a
16 4 —10+V72 _-10+6V2 _ 5 32
4 4 2 2
p, L1432 42
V2 V2 2 2
1722 NcZcWcQcR
False
bh. WecNcZcQcR
False
c. NcWcZcQcR
True
d NcRcZcQcW
False

18. No; Raphael is grouped with The School of
Athens and Parnassus. Michelangelo

corresponds to no element of the second set.

221

19.

20.

21.

2x2 449 = —20x
2x2 +20x+49=0

2x2 +20x = —49

x% +10x :i'g

x2 +1Ox+25:—4—29+ 25

(x+5)% =

N |-

[N

X+5=4%,|—

X+5=+

Xx=-5+

NRNICES

X~ —4.293
X~ —5.707

2x2 +20x = -51
2x2 +20x+51=0

_ —20+4/(20)° -4(2)(5D)

2(2)

X:—20¢\/400—408
4
—20+/-8

- 4

204242
4
iv2

X=-5+-—
2

Let w represent the width.
Let | represent the length.
A=lw

1457 = (W+16)w
0=w? +16w—1457
0=(w—31)\w+47)

w=31lcm;|=47cm



22.

23.

Cumulative Review Chapters 1-2

(2+5i)? = 4+ 20i + 25i
= 4+20i— 25 = —21+ 20i
1-2i  1-2i 1-2i
1+2i 1+2i 1-2i
C1-4i+4i% 1-4i-4
Co1-4i2 1+4
_-3-4i 3 4.

5 5 5

6x2 —7x =20
6x2 —7x—20=0
(3x+4)2x-5)=0
X :—i; X 3
3 2
x2 +5x2 —15 = 3x
x2 +5x2 —3x—-15=0
(x3+5x2)—(3x+15)=0
x2(x+5)-3(x+5)=0
(x+5)(x2 —3):0

x=-5 x=43; x=-3
1
24. mlzg; my, =-2;(1,2)
y—2=-2(x-1)
y—2=-2X+2
y=-2X+4

222

25. (-4, 5), (4, —1), (0, 8)

P= 10+J_7+5 15++/97

~15+9.85 ~ 24.85 units
No it is not a right triangle.

52 + (97 ] »102



Chapter 2: Relations, Functions and Graphs

Connections
to Calculus Chapter 2

1. a f(x)=-3x+5
f(x+h)—f(x)
h
(-3(x+h)+5)—(-3x+5)
- h
B —3x—3h+5+3x—5_—_3h__3
h h

b. x=2:ash—0,-3 remains constant

2
=Ex-7
900 =2x

g(x+h)-g(x)
h

2 2
:(3(x+h)—7j—(3x—7)

b. x=2:ash— 0,% remains constant

3. a. h(X)=x*-3x

h(x+h) —h(x)
h

((x+h)2—3(x+h))—(x2—3x)
- h
_ x?+2xh+h? —3x—-3h—x*+3x
- h
_2xh+h*-3n _ h(2x+h-3)
- h - h
=2x-3+h, h=0

b. x=2:ash—0,2(2)-3+h—>1

4, a.  r(x)=-2x>+3x+7
r(x+h)—r(x)

h

(-2(x+h)? +3(x+h)+7)—(-2x°

+3x+7)

h

—2(x2 +2xh+h2)+3x+3h+7+2x2 —3x-7

h

—2x% —4xh—2h? +3x+3h+7+2x* =3x—7

h

—4xh—2h*+3h _h(-4x-2h+3)

B h B h
=-4x+3-2h, h=0

b. x=2:ash—0,-4(2)+3-2h— -5

5 a f(x):l
X
f(x+h)— f(x)
h
11
(x+h)_;
-
x 1 1 x+h
_ X x+h x x+h
h
_ X—=(x+h) h
T ox(x+h) 1
_Xx=x-h 1
T X(x+h) h
_-h
“hx(x+h)  x(x+h)
-1

b. x=2:ash—0,

N
2(2+h)

223
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Connections to Calculus

3 1
a. g(x)=m 7. a h(x)=§
g(x+h)—g(x) h(x +h) —h(x)
S ——
3 3 1 1
_(x+h)+1_m 2(x+h)2_ﬁ
h h
=(x+1' 3 3 .x+h+1j+h (v L 1 (x+h)2 h
Xx+1 x+h+1 x+1 x+h+1) 1 = X2.2(x+h)2 2X2.(x+h)2
_ 3x+3 (3x+3h+3) 1 . )
((x+l)(x+h+1) (x+1)(x+h+1)J h :{X _(X +2xh+h )Jl
_ 3x+3-3x-3h-3 2¢*(x+h)” )
_(x+1)h(x+h+1) X2 =x2—2xh—h’
B —3h ~ 2¢(x+h)’h
~(x+1)h(x+h+1) —2xh—h?
_ -3 _2x2(x+h)2h
(x+1)(x+h+1) h(-2x—h)
_2x2(x+h)2h
x=2:ash—>0,_—3—>—1 -2x—h
(2+1)(2+h+1) 3 =—
2x*(x+h)
b. x=2:ash—>0,%—>—l
2(2)"(2+h) 8
8. a r(x)=x’-2x-2
r(x+h)—r(x)
h
(x+h)3—2(x+h)—2—(x3—2x—2)
- h
X +3¢h+3x0’ +h* —2x—2h—2-X° +2x+2
- h
_3x’h+3xh*+h®-2h
- h
h(3x* +3xh+h’* -2)
- h
=3x*+3xh+h?*=2,h =0

b. X=2:
ash —0,3(2)" +3(2)h+h* -2 10
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10.

Chapter 2: Relations, Functions and Graphs

v(t)=3t=0tot=8
A=LW=3.8=24
Distance 24 ft

=3

=l

12345678910 ¢

v(t)=t+3t=0tot=8

T

A=%(3+11)8 =56
Distance 56 ft

wi)=1t+3
12 () FERRE A A
1|4
10 |

— 3 e L O =1 00D

12345678910 ¢

225

11 v(t) =—|t—4|+7

12.

A:Ebh+lw
2

A=%(8)4+8~3 =40
Distance 40 ft

—rd LN

W)= —|t—4/+7

12345678910 ¢

v(t) = —%(t -4 +11

Aziab+lw
3

Distance 66% ft

v(t) = =0.5( — 4)_2 + 11

123456780910 ¢



