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Technology Highlight 
 
1. 4.8; 3.6y y= ± = ± , Answers will vary. 
 
2. ( )2 23 16x y− + =  
 Center (3,0), r = 4 
 If x = 0, ( )2 20 3 16y− + =  

 
2

2

9 16
7

y
y
+ =

=
 

 7y = ±  

 y-intercepts: ( )0, 7± ; ( )0, 2.6457513±  

 
2.1 Exercises 
 
1. First, second 
 
2. independent, output 
 
3. Radius, center 
 
4. (0,0), five, central 
 
5. Answers will vary. 
 
6. Answers will vary. 
 
7.  

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

8. 

  
 Domain = {1, 2, 3, 4, 5, 6} 
 Range = {60, 65, 80, 90, 95} 
 
9. D = {1, 3, 5, 7, 9} 
 R = {2, 4, 6, 8, 10} 
 
10. D = { − 2, -3, − 1, 4, 2} 
 R = {4, − 5, 3, − 3} 
 
11. D = {4, − 1, 2, − 3} 
 R = {0, 5, 4, 2, 3} 
 
12. D = { − 1, 0 , 2, − 3} 
 R = {1, 4, − 5, 3} 
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13. 1
3
2

+−= xy  

  
 x y 
− 6 ( ) 51416

3
2

=+=+−−  

− 3 ( ) 31213
3
2

=+=+−−  

0 ( ) 11010
3
2

=+=+−  

3 ( ) 11213
3
2

−=+−=+−  

6 ( ) 31416
3
2

−=+−=+−  

8 
( )2 16 138 1 1

3 3 3
− + = − + = −  

 

 
 
14. 3

4
5

+−= xy  

  
x y 
− 8 ( ) 1331038

4
5

=+=+−−  

− 4 ( ) 83534
4
5

=+=+−−  

0 ( ) 33030
4
5

=+=+−  

4 ( ) 23534
4
5

−=+−=+−  

8 ( ) 731038
4
5

−=+−=+−  

10 ( )
2

193
2
25310

4
5

−=+−=+−  

 

 
 
15. yx =+ 2  
  

x y 
− 2 0 
0 2, -2 
1 3, -3 
3 5, -5 
6 8, -8 
7 9, -9 

 

 
;0

0

22

y
y

y

=

=

=+−

  
;2

2

20

y
y

y

=±

=

=+

 

 

 
;3

3

21

y
y

y

=±

=

=+

  
;5

5

23

y
y

y

=±

=

=+

 

 

 
;8

8

26

y
y

y

=±

=

=+

  
;9

9

27

y
y

y

=±

=

=+
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16. xy =+1  
  

x y 
0 -1 
1 0, -2 
3 2, -4 
5 4, -6 
6 5, -7 
7 6, -8 

 

 
;1

01
01

−=
=+

=+

y
y
y

  
;11

11
11

±−=
±=+

=+

y
y
y

 

   
2

0
−=

=
y
y

 

 

;4
2

31
31

31

−=
=

±−=
±=+

=+

y
y
y

y
y

  

;6
4

51
51

51

−=
=

±−=
±=+

=+

y
y
y

y
y

 

 

;7
5

61
61

61

−=
=

±−=
±=+

=+

y
y
y

y
y

  

8
6

71
71

71

−=
=

±−=
±=+

=+

y
y
y

y
y

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

17. 12 −= xy  
 

x y 
− 3 ( ) 81913 2 =−=−−  
− 2 ( ) 31412 2 =−=−−  
0 ( ) 11010 2 −=−=−  
2 ( ) 31412 2 =−=−  
3 ( ) 81913 2 =−=−  
4 ( ) 1511614 2 =−=−  

 

 
 
18. 32 +−= xy  
  

x y 
− 2 ( ) 13432 2 −=+−=+−−  
− 1 ( ) 23131 2 =+−=+−−  
0 ( ) 33030 2 =+=+−  
1 ( ) 23131 2 =+−=+−  
2 ( ) 13432 2 −=+−=+−  
3 ( ) 63933 2 −=+−=+−  
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19. 225 xy −=  
  

x y 
− 4 ( ) 391625425 2 ==−=−−  
− 3 ( ) 416925325 2 ==−=−−  
0 ( ) 525025 2 ==−  
2 ( ) 21425225 2 =−=−  
3 ( ) 416925325 2 ==−=−  
4 ( ) 391625425 2 ==−=−  

 

 
 
20. 2169 xy −=  
  

x y 
− 12 ( )

525

14416912169 2

==

−=−−  

− 5 ( )
12144

251695169 2

==

−=−−  

0 ( ) 131690169 2 ==−  
3 ( )

104160

91693169 2

==

−=−  

5 ( )2169 5 169 25

144 12

− = −

= =
 

12 ( )2169 12 169 144

25 5

− = −

= =
 

 

 
 
21. 21 yx =−  

 1−±= xy  
  

x y 
10 ( ) 39110 ±==−  
5 ( ) 2415 ±==−  
4 ( ) 314 ±=−  
2 ( ) 1112 ±==−  
1.25 ( ) 5.025.0125.1 ±==−  
1 ( ) 0011 ==−  
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22. xy =+ 22  

 
2

22

−±=

−=

xy

xy
 

  
x y 
2 ( ) 0022 ==−  
3 ( ) 1123 ±==−  
4 ( ) 224 ±=−  
5 ( ) 325 ±=−  
6 ( ) 2426 ±==−  
11 ( ) 39211 ±==−  

 

 
 
23. 3 1+= xy  
  

x y 
− 9 ( ) 2819 33 −=−=+−  
− 2 ( ) 1112 33 −=−=+−  
-1 ( ) 0011 33 ==+−  
0 ( ) 1110 33 ==+  
4 ( ) 33 514 =+  
7 ( ) 2817 33 ==+  

 

 
 

24. ( )31−= xy  
  

x y 
− 2 ( )[ ] ( ) 27312 33 −=−=−−  
− 1 ( )[ ] ( ) 8211 33 −=−=−−  
0 ( )[ ] ( ) 1110 33 −=−=−  
1 ( )[ ] ( ) 0011 33 ==−  
2 ( )[ ] ( ) 1112 33 ==−  
3 ( )[ ] ( ) 8213 33 ==−  

 

 
 

25. ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ ++
=

2
,

2
2121 yyxx

M  

 

( )

( )

8 61 5 ,
2 2

6 2,
2 2
3,1

M

M

M

+ −⎛ ⎞+
= ⎜ ⎟
⎝ ⎠
⎛ ⎞= ⎜ ⎟
⎝ ⎠

=

 

 

26. ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ ++
=

2
,

2
2121 yyxx

M  

 ⎟
⎠

⎞
⎜
⎝

⎛ −++
=

2
)8(6,

2
65M  

 ⎟
⎠
⎞

⎜
⎝
⎛ −

=
2
2,

2
11M  

 ⎟
⎠
⎞

⎜
⎝
⎛ −= 1,

2
11M  
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27. ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ ++
=

2
,

2
2121 yyxx

M  

 ⎟
⎠

⎞
⎜
⎝

⎛ −++−
=

2
)8.9(2.9

,
2

1.35.4M  

 ⎟
⎠
⎞

⎜
⎝
⎛ −−

=
2

6.0,
2

4.1M  

 ( )3.0,7.0 −−=M  
 

28. ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ ++
=

2
,

2
2121 yyxx

M  

 ⎟
⎠

⎞
⎜
⎝

⎛ −++
=

2
)1.7(1.7,

2
3.62.5M  

 ⎟
⎠
⎞

⎜
⎝
⎛=

2
0,

2
5.11M  

 ( )0,75.5=M  
 

29. ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ ++
=

2
,

2
2121 yyxx

M
 

 

⎟⎟
⎟
⎟
⎟

⎠

⎞

⎜⎜
⎜
⎜
⎜

⎝

⎛
+

−⎟
⎠
⎞

⎜
⎝
⎛ −+

=
2

4
3

3
2

,
2
10

1
5
1

M  

 
⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜

⎝

⎛

=
2

12
1

,
2

10
1

M  

 ⎟
⎠
⎞

⎜
⎝
⎛=

24
1,

20
1M    

 

30. ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ ++
=

2
,

2
2121 yyxx

M  

 
⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜

⎝

⎛ +−+−
=

2
6
5

3
1

,
2

8
3

4
3

M  

 
⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜

⎝

⎛ −
=

2
2
1

,
2
8
3

M  

 ⎟
⎠
⎞

⎜
⎝
⎛−=

4
1,

16
3M  

 
 
 
 

31. ( − 5, − 4) (5, 2) 

 ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ ++
=

2
,

2
2121 yyxx

M  

 ⎟
⎠
⎞

⎜
⎝
⎛ +−+−

=
2

24,
2

55M  

 ⎟
⎠
⎞

⎜
⎝
⎛ −

=
2
2,

2
0M  

 )1,0( −=M  
 
32. ( − 5, 4) (3, − 2) 

 ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ ++
=

2
,

2
2121 yyxx

M  

 ⎟
⎠

⎞
⎜
⎝

⎛ −++−
=

2
)2(4

,
2

35M  

 ⎟
⎠
⎞

⎜
⎝
⎛ −=

2
2,

2
2M  

 )1,1(−=M  
 
33. ( − 4, − 4) (2, 4) 

 ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ ++
=

2
,

2
2121 yyxx

M  

 ⎟
⎠
⎞

⎜
⎝
⎛ +−+−

=
2

44,
2

24M  

 ⎟
⎠
⎞

⎜
⎝
⎛ −=

2
0,

2
2M  

 )0,1(−=M  
 The center of the circle is ( − 1, 0). 
 
34. ( − 5, 3) (1, − 1) 

 ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ ++
=

2
,

2
2121 yyxx

M  

 ⎟
⎠

⎞
⎜
⎝

⎛ −++−
=

2
)1(3,

2
15M  

 ⎟
⎠
⎞

⎜
⎝
⎛ −=

2
2,

2
4M  

 ( )1,2−=M  
 The center of the circle is ( − 2, 1). 
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35. ( − 5, − 4) (5, 2) 

 ( ) ( )212
2

12 yyxxd −+−=  

 ( ) ( )22 )4(2)5(5 −−+−−=d  

 22 )6()10( +=d  

 36100+=d  

 136=d  

 342=d  
 
36. ( − 5, 4) (3, − 2) 

 ( ) ( )212
2

12 yyxxd −+−=  

 ( ) ( )22 42)5(3 −−+−−=d  

 22 )6(8 −+=d  

 3664+=d  

 100=d  
 10=d  
 
37. ( − 4, − 4) (2, 4) 

 ( ) ( )212
2

12 yyxxd −+−=  

 ( ) ( )( )222 ( 4) 4 4d = − − + − −  

 2 26 8d = +  
 36 64d = +  
 100d =  
 10d =  
 
38. ( − 5, 3) (1, − 1) 

 ( ) ( )212
2

12 yyxxd −+−=  

 ( ) ( )2 21 ( 5) 1 3d = − − + − −  

 2 26 ( 4)d = + −  

 36 16d = +  
 52=d  

 132=d  
 
 
 
 
 
 
 
 
 
 

39. (5, 2) (0, − 3) 

 1
5
5

50
23

=
−
−

=
−
−−

=m ; 

 (0, -3) (4, -4) 

 
4
1

4
34

04
)3(4 −

=
+−

=
−
−−−

=m ; 

 (5, 2) (4, -4) 

 6
1
6

54
24

=
−
−

=
−
−−

=m  

 Not a right triangle.  Lines are not 

perpendicular.  Slopes:  6;
4
1;1 −  

 
40. (7, 0) ( − 1, 0) 

 0
71

00
=

−−
−

=m ; 

 (7, 0) (7, 4) 

 
77
04

−
−

=m  Undefined 

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

 
41. ( − 4, 3) ( − 7, − 1) 

 
3
4

3
4

47
4

)4(7
31

=
−
−

=
+−

−
=

−−−
−−

=m ; 

 ( − 7, − 1) (3, − 2) 

 
10

1
73
12

)7(3
)1(2 −

=
+
+−

=
−−
−−−

=m ; 

 ( − 4, 3) (3, − 2) 

 
7
5

)4(3
32 −

=
−−
−−

=m  

 Not a right triangle.  Lines are not 

perpendicular.  Slopes:  
7
5;

10
1;

3
4 −−  

 
42. ( − 3, 7) (2, 2) 

 1
5
5

32
5

)3(2
72

−=
−

=
+
−

=
−−
−

=m ; 

 (2, 2) (5, 5) 

 1
3
3

25
25

==
−
−

=m  

 Right triangle because these two lines are 
perpendicular.  Slopes:  − 1; 1 

 
 
 
 
 
 
 



2.1 Exercises 

 96 

43. ( − 3, 2) ( − 1, 5) 

 
2
3

31
3

)3(1
25

=
+−

=
−−−

−
=m ; 

 ( − 3, 2) ( − 6, 4) 

 
3
2

36
2

)3(6
24

−=
+−

=
−−−

−
=m  

 Right triangle because these two lines are 

perpendicular.  Slopes:  
3
2;

2
3 −  

 
44. (0, 0) ( − 5, 2) 

 
5
2

5
2

05
02

−=
−

=
−−
−

=m ; 

 ( − 5, 2) (2, − 5) 

 1
7
7

52
7

)5(2
25

−=
−

=
+
−

=
−−
−−

=m ; 

 (0, 0) (2, − 5) 

 
2
5

02
05 −
=

−
−−

=m  

 Not a right triangle. Lines are not 

perpendicular. Slopes: 2 5, 1,
5 2

− − −  

 
45. Center (0,0), radius 3 
 922 =+ yx  

  
 
46. Center (0,0), radius 6 
 3622 =+ yx  

  
 
 

47. Center (5,0), radius 3  

 ( ) 35 22 =+− yx  

  
 
48. Center (0,4), radius 5  

 ( ) 54 22 =−+ yx  

  
 
49. Center (4, − 3), radius 2 
 ( ) ( ) 434 22 =++− yx  

  
 
50. Center (3, − 8), radius 9 
 ( ) ( ) 8183 22 =++− yx  
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51. Center ( − 7, − 4), radius 7  

 ( ) ( ) 747 22 =+++ yx  

  
 
52. Center ( − 2,-5), radius 6  

 ( ) ( ) 652 22 =+++ yx  

  
 
53. Center (1, − 2), radius 32  

 ( ) ( ) 1221 22 =++− yx  

  
 
 
 
 
 
 
 
 
 
 
 
 
 

54. Center ( − 2,3), radius 23  

 ( ) ( ) 182322 =−++ yx  

  
 
55. Center (4,5), diameter 34  

 diameter
2
1radius ⋅=  

 ( ) 3234
2
1

==r  

 ( ) ( ) ( )222 3254 =−+− yx  

 ( ) ( ) 1254 22 =−+− yx  

  
 
56. Center (5,1), diameter 54  

 diameter
2
1radius ⋅=  

 ( ) 5254
2
1

==r  

 ( ) ( ) ( )222 5215 =−+− yx  

 ( ) ( ) 2015 22 =−+− yx  
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57. Center at (7,1),  
 graph contains the point (1, − 7) 
 ( ) ( ) ;17 222 ryx =−+−  

 ( ) ( ) 222 1771 r=−−+−  

 26436 r=+  
 ;100 2r=  

 ( ) ( ) 10017 22 =−+− yx  

  
 
58. Center at ( − 8,3),  
 graph contains the point ( − 3,15) 
 ( ) ( ) ;38 222 ryx =−++  

 ( ) ( ) 222 31583 r=−++−  

 214425 r=+  
 ;2169 r=  

 ( ) ( ) 16938 22 =−++ yx  

  
 
59. Center at (3,4),  
 graph contains the point (7,9) 
 ( ) ( ) ;43 222 ryx =−+−  

 ( ) ( ) 222 4937 r=−+−  

 22516 r=+  
 ;41 2r=  

 ( ) ( ) 4143 22 =−+− yx  

  
 
60. Center at ( − 5,2),  
 graph contains the point ( − 1,3) 
 ( ) ( ) ;25 222 ryx =−++  

 ( ) ( ) 222 2351 r=−++−  

 2116 r=+  
 ;17 2r=  

 ( ) ( ) 1725 22 =−++ yx  

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

 ( )4,5
2

71,
2

55
=⎟

⎠
⎞

⎜
⎝
⎛ ++ ; 

 radius = distance from center to endpt 

 ( ) ( ) 34155 22 =−+−=r ; 

 ( ) ( ) 945 22 =−+− yx  
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62. Diameter has endpoints (2,3) and (8,3); 
 midpoint of diameter = center of circle 

 ( )3,5
2

33,
2

82
=⎟

⎠
⎞

⎜
⎝
⎛ ++ ; 

 radius = distance from center to endpt 

 ( ) ( ) ;33352 22 =−+−=r  

 ( ) ( ) 935 22 =−+− yx  

  
 
63. Center: 2),3,2( =r  
 [ ]4,0: ∈xD  
 [ ]5,1: ∈yR  

  
 
64. Center: 3),1,5( =r  
 [ ]8,2: ∈xD  
 [ ]4,2: −∈yR  

  
 
 
 
 
 

65. Center: 32),2,1( =− r  

 [ ]321,321: +−−−∈xD  

 [ ]322,322: +−∈yR  

  
 
66. Center: 52),4,7( =− r  

 [ ]527,527: +−∈xD  

 [ ]524,524: +−−−∈yR  

  
 
67. Center: 9),0,4( =− r  
 [ ]5,13: −∈xD  
 [ ]9,9: −∈yR  
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68. Center: 7),3,0( =r  
 [ ]7,7: −∈xD  
 [ ]10,4: −∈yR  

  
 
69. 04121022 =+−−+ yxyx  

 41210 22 −=−+− yyxx  

 3625436122510 22 ++−=+−++− yyxx  

 ( ) ( ) 5765 22 =−+− yx  

 Center: ( )6,5 , Radius: 57=r  

  
 
70. 068622 =−−++ yxyx  

 686 22 =−++ yyxx  

 169616896 22 ++=+−+++ yyxx  

 ( ) ( ) 3143 22 =−++ yx  

 Center: ( )4,3− , Radius: 31=r  

  
 
 
 

71. 0441022 =++−+ yxyx  

 4410 22 −=++− yyxx  

 4254442510 22 ++−=++++− yyxx  

 ( ) ( ) 2525 22 =++− yx  
 Center: ( )2,5 − , Radius: 5=r  

  
 
72. 0124622 =++++ yxyx  

 1246 22 −=+++ yyxx  

 49124496 22 ++−=+++++ yyxx  

 ( ) ( ) 123 22 =+++ yx  
 Center: ( )2,3 −− , Radius: 1=r  

  
 
73. 05622 =−++ yyx  

 5622 =++ yyx  

 959622 +=+++ yyx  

 ( ) 143 22 =++ yx  

 Center: ( )3,0 − , Radius: 14=r  
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74. 012822 =+−+ xyx  

 128 22 −=+− yxx  

 1612168 22 +−=++− yxx  

 ( ) 44 22 =+− yx  
 Center: ( )0,4 , Radius: 2=r  

  
 
75. 01810422 =++++ yxyx  

 18104 22 −=+++ yyxx  

 25418251044 22 ++−=+++++ yyxx  

 ( ) ( ) 1152 22 =+++ yx  

 Center: ( )5,2 −− , Radius: 11=r  

  
  
76. 04714822 =−−−+ yxyx  

 47148 22 =−+− yyxx  

 4916474914168 22 ++=+−++− yyxx  

 ( ) ( ) 11274 22 =−+− yx  

 Center: ( )7,4 , Radius: 74=r  

  
 
77. 0121422 =+++ xyx  

 1214 22 −=++ yxx  

 49124914 22 +−=+++ yxx  

 ( ) 377 22 =++ yx  

 Center: ( )0,7− , Radius: 37=r  

  
 
78. 052222 =−−+ yyx  

 52222 =−+ yyx  

 12151212222 +=+−+ yyx  

 ( ) 12611 22 =−+ yx  

 Center: ( )11,0 , Radius: 143=r  
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79. 04201222 22 =++−+ yxyx  

 0210622 =++−+ yxyx  

 2106 22 −=++− yyxx  

 2592251096 22 ++−=++++− yyxx  

 ( ) ( ) 3253 22 =++− yx  

 Center: ( )5,3 − , Radius: 24=r  

  
 
80. 03182433 22 =++−+ yxyx  

 016822 =++−+ yxyx  

 168 22 −=++− yyxx  

 916196168 22 ++−=++++− yyxx  

 ( ) ( ) 2434 22 =++− yx  

 Center: ( )3,4 − , Radius: 6224 ==r  

  
 
81. 12.5 59s t= +  
 a. Let ( )1, 12.5 1 59 71.5t s= = + = ; 

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

  Let ( )3, 12.5 3 59 96.5t s= = + = ; 
  Let ( )5, 12.5 5 59 121.5t s= = + = ; 

  Let ( )7, 12.5 7 59 146.5t s= = + = ; 
  ( ) ( ) ( ) ( ) ( )1,71.5 , 2,84 , 3,96.5 , 5,121.5 , 7,146.5  
 
 b. Let ( )8, 12.5 8 59 159t s= = + =  
  Average amount spend in 2008 is $159. 
 

 c. Let 196,s =  

  
196 12.5 59
137 12.5
10.96

t
t

t

= +
=
=

 

  In 2011, annual spending surpasses  
  $196. 
 

 

d.

  
82. 22rA =  
 ( ) 5052 2 ==A units 2  
 
83. a. ( ) ( )2 2 25 12 25x y− + − =  

  ( ) ( )2 25 12 625x y− + − =  

 b. ( ) ( )2 215 5 36 12d = − + −  

  2 210 24 676 26d = + = =  
 No, radar cannot pick up  the liner’s 

sister ship. 
 
84. a. ( ) ( )2 2 23 7 12x y− + − =  

  ( ) ( )2 23 7 144x y− + − =  

 b. ( ) ( )2 213 3 1 7d = − + −  

  ( ) ( )2 210 6 100 36

136 11.66

d = + − = +

= ≈
 

 Yes, they would have felt the quake. 
 
85. Red: ( ) ( ) ;422 22 =−+− yx  
 Center: (2,2), Radius: 2 
 Blue: ( ) ;162 22 =+− yx  
 Center: (2,0), Radius: 4 
 Area of blue: ( ) ( ) πππ 12416 =−  units 2  
 
86. 222 ryx =+  

 ( ) ( ) 222 43 r=+  
 r=5 ; 

 ( )
4

3755
4

33 2 ==A  units 2  
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87. 06822 =−++ yxyx  

 068 22 =−++ yyxx  

 916096168 22 ++=+−+++ yyxx  

 ( ) ( ) 2534 22 =−++ yx ; 

 041022 =+−+ yxyx  

 0410 22 =++− yyxx  

 4250442510 22 ++=++++− yyxx  

 ( ) ( ) 2925 22 =++− yx ; 
 Distance between centers: ( − 4,3), (5, − 2) 

 ( ) ( )( )22 2354 −−+−−=d  

 30.101062581 ≈=+= ; 
 Sum of the radii: 39.10295 ≈+  
 No, Distance between the centers is less than 

the sum of the radii. 

  
 
88. 250022 =+ yx ; 

( ) ( ) 9003020 22 =−+− yx ; 

 222 3020 h=+  
 h=1300 ; 

 66301310 ≈+  miles 

  
 

89. Answers will vary. 
 
90. Statement is true. Answers will vary. 
 
91. a. 2 2 12 4 40 0x y x y+ − + + =  
  2 212 4 40x x y y− + + = −  
  2 212 36 4 4 40 36 4x x y y− + + + + = − + +  

  ( ) ( )2 26 2 0x y− + + =  
  Center (6, − 2), r = 0, degenerate case 
 b. 2 2 2 8 8 0x y x y+ − − − =  
  2 22 8 8x x y y− + − =  
  2 22 1 8 16 8 1 16x x y y− + + − + = + +  

  ( ) ( )2 21 4 25x y− + − =  
  Center (1, 4), r = 5 
 c. 2 2 6 10 35 0x y x y+ − − + =  
  2 26 10 35x x y y− + − = −  
  2 26 9 10 25 35 9 25x x y y− + + − + = − + +  

  ( ) ( )2 23 5 1x y− + − = −  

 Center (3, 5), 2 1r = − , degenerate case 
 

92. 
2 1 5

3 4 6
w−

+ ≥  

 
2 1 512 12

3 4 6
w⎛ − ⎞ ⎛ ⎞+ ≥⎜ ⎟ ⎜ ⎟

⎝ ⎠⎝ ⎠
 

 4 2 3 10w− + ≥  

 4 2 7w− ≥  

 72
4

w− ≥  

 7 72  or 2
4 4

w w− ≥ − ≤ −  

 15 1 or 
4 4

w w≥ ≤  

 1 15, ,
4 4

w ⎛ ⎤ ⎡ ⎞∈ −∞ ∪ ∞⎜ ⎟⎥ ⎢⎝ ⎦ ⎣ ⎠
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93. a. 0 
 b. not possible 
 c. 0.3 ;many answers possible 
 d. not possible 
 e. not possible 
 f. 3 ;many answers possible 
 
94. 2 13 6x x+ =  
 2 6 13 0x x− + =  
 1, 6, 13a b c= = − =  

 
2( 6) ( 6) 4(1)(13)

2(1)
x

− − ± − −
=  

 6 36 52
2

x ± −
=  

 6 16
2

x ± −
=  

 6 4 3 2
2

ix i±
= = ±  

 
95. 1 3n n− + = −  
 3 1n n− + = − −  
 3 1n n+ = +  

 ( ) ( )
2 23 1n n+ = +  

 23 2 1n n n+ = + +  

 
20 2

0 ( 2)( 1)
n n
n n

= + −
= + −

 

 
2 0 or 1 0

2    or 1
n n
n n
+ = − =
= − =

 

 Check: n = − 2 
 ( )1 2 3 2− − + = − −  

 1 1 2− =  
 0 2≠ ; 
 Check: n = 1 
 1 1 3 1− + = −  
 1 4 1− = −  
 1 1− = − ; 
 n = 1 is a solution, n = − 2 is extraneous. 
 
 
 
 
 
 
 
 
 

2.2 Technology Highlight 
 

Exercise 1: ( ) ( )1,0,0,5.1;1
3
2

1 −+= xY  

 
Exercise 2: 8695579 =− yx  
 55 79 869y x− = − +  

 79 79
55 5

y x−
= −  

 x-intercept:  ( )11,0−  

 y-intercept:  ( )0, 15.8−  
 
2.2 Exercises 
 
1. 0; 0. 
 

2. 2 1

2 2

y y y
x x x
−

=
−

�

�
 

 
3. negative, downward 
 
4. zero, undefined, equal 
 
5. yes; slopes are not equal 1 2m m≠ ; 
 No; 1 2 1m m⋅ ≠ −  
 
6. Answers will vary. 
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7. 632 =+ yx  
 623 +−= xy  

 2
3
2

+−= xy  

x y 
− 6 ( ) 62426

3
2

=+=+−−  

− 3 ( ) 42223
3
2

=+=+−−  

0 ( ) 22020
3
2

=+=+−  

3 ( ) 02223
3
2

=+−=+−  

  

 
 
8. 1053 =+− yx  
 1035 += xy  

 2
5
3

+= xy  

x y 
− 5 ( ) 12325

5
3

−=+−=+−  

0 ( ) 22020
5
3

=+=+  

2 ( ) 2.322.122
5
3

=+=+  

5 ( ) 52325
5
3

=+=+  

  

9. 4
2
3

+= xy  

x y 
− 2 ( ) 14342

2
3

=+−=+−  

0 ( ) 44040
2
3

=+=+  

2 ( ) 74342
2
3

=+=+  

4 ( ) 104644
2
3

=+=+  

  
 

10. 3
3
5

−= xy  

x y 
− 6 ( ) 1331036

3
5

−=−−=−−  

− 3 ( ) 83533
3
5

−=−−=−−  

0 ( ) 33030
3
5

−=−=−  

3 ( ) 23533
3
5

=−=−  
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11. 4
2
3

+= xy  

 ( ) 43
2
35.0 +−=−  

 4
2
95.0 +−=−  

 5.05.0 −=− ; 

 4
2
1

2
3

4
19

+⎟
⎠
⎞

⎜
⎝
⎛=  

 4
4
3

4
19

+=  

 
4

19
4

19
=  

 

12. 3
3
5

−= xy  

 ( ) 35.1
3
55.5 −−=−  

 35.25.5 −−=−  
 5.55.5 −=− ; 

 3
2

11
3
5

6
37

−⎟
⎠
⎞

⎜
⎝
⎛=  

 3
6
55

6
37

−=  

 
6

37
6

37
=  

 
13. 63 =+ yx  
 x-intercept:  (2, 0) 

 
2
63
603

=
=
=+

x
x

x
 

 y-intercept:  (0, 6) 

 
6
6)0(3

=
=+

y
y

 

  
 
 
 

14. 122 =+− yx  
 x-intercept:  ( − 6, 0) 

 
6

122
1202

−=
=−
=+−

x
x

x
 

 y-intercept:  (0, 12) 

 
12
12)0(2

=
=+−

y
y

 

  
 
15. 55 =− xy  
 x-intercept:  ( − 5, 0) 

 
5

5
5)0(5

−=
=−
=−

x
x
x

 

 y-intercept:  (0, 1) 

 
1
55
505

=
=
=−

y
y

y
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16. 84 =+− xy  
 x-intercept:  (8, 0) 

 
8
8)0(4

=
=+−

x
x

 

 y-intercept:  (0, − 2) 

 
2

84
804

−=
=−
=+−

y
y

y
 

  
 
17. 625 =+− yx  

 x-intercept:  ⎟
⎠
⎞

⎜
⎝
⎛− 0,

5
6  

 

5
6

65
6)0(25

−=

=−
=+−

x

x
x

 

 y-intercept:  (0, 3) 

 
3
62
62)0(5

=
=
=+−

y
y
y

 

  
 
 
 
 
 
 
 
 
 

18. 943 =+ xy  

 x-intercept:  ⎟
⎠
⎞

⎜
⎝
⎛ 0,

4
9  

 

4
9
94
94)0(3

=

=
=+

x

x
x

 

 y-intercept:  (0, 3) 

 
3
93
9)0(43

=
=
=+

y
y

y
 

  
 
19. 452 =− yx  
 x-intercept:  (2, 0) 

 
2
42
4)0(52

=
=
=−

x
x

x
 

 y-intercept:  ⎟
⎠
⎞

⎜
⎝
⎛ −

5
4,0  

 

5
4

45
45)0(2

−=

=−
=−

y

y
y
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20. 846 =+− yx  

 x-intercept:  ⎟
⎠
⎞

⎜
⎝
⎛− 0,

3
4  

 

3
4

86
8)0(46

−=

=−
=+−

x

x
x

 

 y-intercept:  (0, 2) 

 
2
84
84)0(6

=
=
=+−

y
y
y

 

  
  
21. 1232 −=+ yx  
 x-intercept:  ( − 6, 0) 

 
6
122
12)0(32

−=
−=
−=+

x
x

x
 

 y-intercept:  (0, − 4) 

 
4
123
123)0(2

−=
−=
−=+

y
y
y

 

  
 
 
 
 
 
 
 
 

22. 623 =−− yx  
 x-intercept:  ( − 2, 0) 

 
2

63
6)0(23

−=
=−
=−−

x
x

x
 

 y-intercept:  (0, − 3) 

 
3

62
62)0(3

−=
=−
=−−

y
y
y

 

  
 

23. xy
2
1

−=  

 
( )

1

2
2
1

−=

−=

y

y
 

 (2, − 1); 

 ( )
2

4
2
1
2
1

−=

−=

−=

y

y

xy

 

 (4, − 2); 

 xy
2
1

−=  

 
( )

0

0
2
1

=

−=

y

y
 

 (0, 0) 

  
 



Chapter 2: Relations, Functions and Graphs 

 109 

24. xy
3
2

=  

 
( )

2

3
3
2

=

=

y

y
 

 (3, 2); 

 ( )
4

6
3
2
3
2

=

=

=

y

y

xy

 

 (6, 4); 

 xy
3
2

=  

 
( )

0

0
3
2

=

=

y

y
  

 (0, 0) 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

25. xy 5025 =−  

 
25
5025

)1(5025

−=
−=−

−=−

y
y
y

 

 ( − 1, − 25); 

 

75
5025

)1(5025
5025

=
=−
=−
=−

y
y
y

xy

 

 (1, 75) 

  
 
26. xy 6030 =+   

 
90
6030

)1(6030

−=
−=+

−=+

y
y
y

 

 ( − 1, − 90); 

 

30
6030

)1(6030
6030

=
=+
=+
=+

y
y
y

xy

 

 (1, 30) 
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27. 2
5
2

−−= xy  

 x-intercept:  ( − 5, 0) 

 
( )

x

x

x

x

=−

⎟
⎠
⎞

⎜
⎝
⎛−⎟
⎠
⎞

⎜
⎝
⎛−=⎟

⎠
⎞

⎜
⎝
⎛−

−=

−−=

5
5
2

2
52

2
5

5
22

2
5
20

 

 ( − 5, 0); 
 y-intercept:  (0, − 2) 

 
2

2)0(
5
2

−=

−−=

y

y
 

 (0, − 2) 

  
 

28. 2
4
3

+= xy  

 

( )

1
23

24
4
3

−=
+−=

+−=

y
y

y

 

 ( − 4, − 1); 

 ( )

4
26

28
4
3

2
4
3

−=
+−=

+−=

+=

y
y

y

xy

 

 ( − 8, − 4) 

 

 
29. 032 =− xy  

 

3
62
062
0)2(32

=
=
=−
=−

y
y

y
y

 

 (2, 3); 

 

6
122
0122
0)4(32
032

=
=
=−
=−
=−

y
y

y
y

xy

 

 (4, 6); 

 
( )

0
02
0032
032

=
=
=−
=−

y
y

y
xy

 

 (0, 0) 
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30. 03 =+ xy  

 
3
03
0)1(3

=
=−
=−+

y
y

y
 

 ( − 1, 3); 

 

3
03
0)1(3
03

−=
=+
=+
=+

y
y

y
xy

 

 (1, − 3); 

 ( )
0
003
03

=
=+
=+

y
y

xy
 

 (0, 0) 

  
 
31. 1243 =+ xy  
 x-intercept:  (3, 0) 

 
3
124
124)0(3

=
=
=+

x
x
x

 

 y-intercept:  (0, 4) 

 
4
123
12)0(43

=
=
=+

y
y

y
 

  
 
 
 
 

32. 852 =+− yx  
 x-intercept:  ( − 4, 0) 

 
4

82
8)0(52

−=
=−
=+−

x
x

x
 

 y-intercept:  ⎟
⎠
⎞

⎜
⎝
⎛

5
8,0  

 

5
8
85

85)0(2

=

=
=+−

y

y
y

 

  
 

33. 1
1
1

34
56

==
−
−

=m  

  
 (2,4), (1,3) 
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34. 
7
5

)2(5
38

=
−−
−

=m  

  
 (– 9, –2), (13,12) 
 

35. 
3
4

6
8

410
)5(3

==
−
−−

=m  

  
 (7, –1), (1, –9) 
 

36. 
3
8

3
8

03
71

=
−
−

=
−−
−−

=m  

  
 (–6, –9), (3, 15) 
 

37. 
( )

8 7 15 15
1 3 4 4

m − − −
= = = −

− −
 

 ( ) 11, 8 , 1,
2

⎛ ⎞− − −⎜ ⎟
⎝ ⎠

 

 
 
 

38. 
( )

5 5 10 2
0 5 5

m − − −
= = = −

− −
 

 ( ) ( )3,1 , 7,9− −  
 

39. 
( )

2 6 4 4
4 3 7 7

m − −
= = = −

− −
 

 ( ) ( )10,10 , 11, 2− −  
 

40. 3
1

3
23
41

)2(3
)4(1

−=
−

=
+−
+−

=
−−−
−−−

=m  

 ( ) ( )4, 2 , 1, 7− − −  
 
41. a.  

 125
2

250
24
250500

==
−
−

=m  

  Cost increased $125,000 per 1000 square 
feet. 

 
 b. $375,000 
 

42. a. 12
50
600

3080
360960

==
−
−

=m  

  12 m3 dumped per garbage truck. 
  
 b. 83 trucks 
 

43. a. 5.22
8

180
412
90270

==
−
−

=m  

  Distance increases 22.5 miles per hour. 
  
 b. 186 miles 
 

44. a. 5.37
4

150
48
150300

==
−
−

=m  

  37.5 circuit boards are assembled per 
hour. 

  
 b. 6 hours 
 

45. a.   
6
23

6470
142165

=
−
−

=m  

    
 A person weighs 23 pounds more for  

 each additional 6 inches in height. 
  

 b. pounds 8.3
6
23

≈  
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46. a. 2200
10

22000
515
1000032000

==
−
−

=m  

  A plane climbs 2200 feet in 1 minute. 
  

 b. minutes 6
2200

13200
132001220025400

=

=−
 

 
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
m

− − − −
= = = −

−
 

 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
12 0 12 3

m − −
= = = −

−
 

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

 
49. 3−=x  
 30 −=+ yx  
 ( ) 340 −=+x  
 3−=x  
 (-3, 4); 
 30 −=+ yx  
 ( ) 340 −=−+x  
 3−=x  
 (−3, −4) 
 

  
 
 
 

 
 
 
50. 4=y  
 40 =+ yx  
 ( ) 430 =+ y  
 4=y  
 (3, 4); 
 40 =+ yx  
 ( ) 430 =+− y  
 4=y  
 (−3, 4) 

  
 
51. 2=x  
 20 =+ yx  
 ( ) 220 =+x  
 2=x  
 (2, 0) 
 20 =+ yx  
 ( ) 220 =−+x  
 2=x  
 (2, 0) 
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52. 2−=y  
 20 −=+ yx  
 ( ) 220 −=+ y  
 2−=y  
 (0, −2) 
 20 −=+ yx  
 ( ) 220 −=+− y  
 2−=y  
 (0, −2) 

  
 
53. 2:1 =xL  
 4:2 =yL  
 Point of intersection:  (2, 4) 
 
54. 3:1 −=xL  
 1:2 =yL  
 Point of intersection:  (−3, 1) 
 
55. a. Choose any two points (t,j). 
  (0,9), (10,9) 

 9 9 0 0
10 0 10

m −
= = =

−
 

 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

m −
= =

−
 

 Which indicates that over the last 5 decades, 
one non-white or non-female justice has 
been added to the court every ten years. 

 

 
 
56. Choose any two points (h,t). 
  (0,212), (5000,203) 

 203 212 9
5000 0 5000

m − −
= =

−
 

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

 

 
 

57. L1: 3
2
6

)2(0
06

==
−−
−

=m  

 L 2 : 3
1
3

10
85

=
−
−

=
−
−

=m  

 Parallel 
 

58. L 1: 2
3

2
3

11
107

=
−
−

=
−−

−
=m  

 L 2 : 2
1
2

01
35

==
−
−

=m  

 Neither 
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59. L 1: 3
5

3
5

03
14

=
−
−

=
−−
−−

=m  

 L 2 : 1
4

4
04

04
−=

−
=

−−
−

=m  

 Neither 
 

60. L 1: 2
2
4

68
22

−=
−

=
−
−−

=m  

 L 2 : 2
1

35
01
=

−
−

=m  

 Perpendicular 
 

61. L 1: 2
2
4

68
37

==
−
−

=m  

 L 2 : 2
1
2

67
02

==
−
−

=m  

 Parallel 
 

62. L 1: 9
5

9
5

45
41

=
−
−

=
−−
−−

=m  

 L 2 : 4
17

4
17

84
107

=
−
−

=
−
−−

=m  

 Neither 
 
63. (5, 2) (0, − 3) 

 1
5
5

50
23

=
−
−

=
−
−−

=m ; 

 (0, − 3) (4, − 4) 

 
4
1

4
34

04
)3(4 −

=
+−

=
−
−−−

=m ; 

 (5, 2) (4, − 4) 

 6
1
6

54
24

=
−
−

=
−
−−

=m  

 Not a right triangle.  Lines are not 

perpendicular.  Slopes:  6;
4
1;1 −  

 
64. (7, 0) ( − 1, 0) 

 0
71

00
=

−−
−

=m ; 

 (7, 0) (7, 4) 

 
77
04

−
−

=m  Undefined 

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

 
 
 
 
 

65. ( − 4, 3) ( − 7, − 1) 

 
3
4

3
4

47
4

)4(7
31

=
−
−

=
+−

−
=

−−−
−−

=m ; 

 ( − 7, − 1) (3, − 2) 

 
10

1
73
12

)7(3
)1(2 −

=
+
+−

=
−−
−−−

=m ; 

 ( − 4, 3) (3, − 2) 

 
7
5

)4(3
32 −

=
−−
−−

=m  

 Not a right triangle.  Lines are not 

perpendicular.  Slopes:  
7
5;

10
1;

3
4 −−  

 
66. ( − 3, 7) (2, 2) 

 1
5
5

32
5

)3(2
72

−=
−

=
+
−

=
−−
−

=m ; 

 (2, 2) (5, 5) 

 1
3
3

25
25

==
−
−

=m  

 Right triangle because these two lines are 
perpendicular.  Slopes:  − 1; 1 

 
67. ( − 3, 2) ( − 1, 5) 

 
2
3

31
3

)3(1
25

=
+−

=
−−−

−
=m ; 

 ( − 3, 2) ( − 6, 4) 

 
3
2

36
2

)3(6
24

−=
+−

=
−−−

−
=m  

 Right triangle because these two lines are 

perpendicular.  Slopes:  
3
2;

2
3 −  

 
68. (0, 0) ( − 5, 2) 

 
5
2

5
2

05
02

−=
−

=
−−
−

=m ; 

 ( − 5, 2) (2, − 5) 

 1
7
7

52
7

)5(2
25

−=
−

=
+
−

=
−−
−−

=m ; 

 (0, 0) (2, − 5) 

 
2
5

02
05 −
=

−
−−

=m  

 Not a right triangle. Lines are not 

perpendicular. Slopes: 2 5, 1,
5 2

− − −  
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69. 2.7411.0 += TL  
 a. years 4.762.74)20(11.0)20( =+=L  
  
 b. 2.7411.05.77 += T   
  T

T
=
=

30
11.03.3  

  1980 + 30 = 2010 
 

70. TI )5000(
100

7
⎟
⎠
⎞

⎜
⎝
⎛=  

 a. 1750$)5)(5000(
100

7)5( =⎟
⎠
⎞

⎜
⎝
⎛=I  

 

 b. 3500$)10)(5000(
100

7)10( =⎟
⎠
⎞

⎜
⎝
⎛=I  

 

 c. 350
5

1750
510

17503500
==

−
−

=m  

  Interest increases $350 per year. 
 
71. yV 12508500 −=  
 a. 3500$)4(12508500 =−=V  
  
 b. y125085002250 −=  
  y12506250 −=−  
 y=5  
  5 years 
 
72. yV 5.185+=  
 a. 50.95$)7(5.185 =+=V  
  
 b. y5.185100 +=  

  
y

y
=
=

10
5.115

 

  10 years 
 
73. Let h represent the water level, in inches. 
 Let t represent the time, in months. 
 3 300h t= − +  
 a. ( )3 9 300 273 inh = − + = . 
 
 b. Convert feet to inches: 20(12) 240;=  

  

240 3 300
60 3

20
20 months

t
t

t

= − +
− = −

=
 

 
 
 

74. 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) 

 14.25 15 0.25
3 0

m −
= = −

−
; 

 0.25 15m w= − +  
 a. 0.25(10) 15 12.5 mpgm = − + =  
 
 b. 10 0.25 15w= − +  

  
5 0.25

20
20 tons

w
w

− = −
=  

 

75. Slope of FM 1960: 38 ;
12

 

 Slope of FM 380: 30 ;
9.5

 

 Since 38 30
12 9.5

≠ , the roads are not parallel 

and yes, the roads will meet. 
 
76. Harbor is at (0,0). The first trawler is aat 

(3,12) and the second trawler is at (8, − 2). 

 Slope of first route: 12 4;
3

m = =  

 Slope of second route: 2 1 ;
8 4

m −
= = −  

 Yes, the routes are perpendicular. 
 Distance between two boats: 
 2 2(8 3) ( 2 12)d = − + − −  

 221 14.9 miles= ≈  
 
77. 621144 += xy  
 a. ( )144 22 621y = +  
 3789y =  
  $3,789 
 
 b. 5250 144 621x= +  

  4629 144
32.15

x
x

=
≈

 

  1980 + 32 = 2012 
  Year 2012 
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78. 1172.0 += xy  
 a. ( ) 111272.0 +=y  

 
64.19

1164.8
=

+=
y
y

 

  20% 
 
 b. 1172.030 += x  

  
x

x
=
=

38.26
72.019

 

  1980 + 26.38 = 2006.38 
  During the year 2006 
 

79. 32
15
7

+−= xy  

 a. ( ) 3220
15
7

+−=y  

 

3
222

32
3
28

=

+
−

=

y

y
 

  23% 
 

 b. 32
15
720 +−= x  

 x
15
712 −=−  

 x7180 −=−  
 x=7.25  
  1980 + 25.7 = 2005.7 
  During the year 2005 
 

80. 40
4
+=

NT  

 a. 52401240
4
48)48( =+=+=T  

  52º F 
 

 b. 40
4

70 +=
N  

  
N

N

=

=

120
4

30  

  120 chirps per minute 
 
 
 
 
 
 
 
 
 

81. 524 −=+ xy  
 524 −−= xy  

 
4
5

2
1

−−= xy ; 

 23 −=+ axy  
 23 −−= axy  

 
3
2

3
−−= xay ; 

 

1 1
3 2

1
6

6

a

a

a

− ⋅− = −

= −

= −

 

 
82. e. 
 
83. 1 ( 1)nt t n d= + −  
 a. 121, 2, 9 2 7n t d= = = − =  
  21 2 (21 1)7 142t = + − =  
 b. 131, 7, 4 7 3n t d= = = − = −  
  ( )31 7 (31 1) 3 83t = + − − = −  
 c. 127, 5.10, 5.25 5.10 0.15n t d= = = − =  
  ( )27 5.10 (27 1) 0.15 9t = + − =  

 d. 1
3 9 3 317, ,
2 4 2 4

n t d= = = − =  

  17
3 3 27(17 1)
2 4 2

t ⎛ ⎞= + − =⎜ ⎟
⎝ ⎠

 

 
84. )5(346433 22 +−=++− xxxx  

 1534343 22 −−=++ xxxx  
 01872 =++− xx  
 ( ) 01872 =−−− xx  
 0)2)(9( =+−− xx  
 9or  2 =−= xx  
 Check: 

 

;77
91668312

)3(3)4(4683)4(3
)52(3)2(46)2(43)2(3 22

=
−=+−−
−=+−−

+−−−=+−+−−

 

 

282282
423246363243

)14(3)81(46363)81(3
)59(3)9(46)9(43)9(3 22

=
−=++−
−=++−

+−=++−
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85. WLP 22 +=  
 Perimeter of a rectangle; 
 LWHV =  
 Volume of a rectangular prism; 
 hrV 2π=  
 Volume of a cylinder; 
 rC π2=  
 Circumference of a circle 
 
86. Let x represent the number of gallons of 

35% brine solution. 
 Let y represent the total number of gallons 

of 45% brine solution.  

 
⎩
⎨
⎧

+=+
=+

)12(45.0)12(55.035.0
12

xx
yx

 

 )12(45.0)12(55.035.0 xx +=+  
 xx 45.04.56.635.0 +=+  
 2.11.0 −=− x  
 12=x  
 12 gallons 
 
87.  

 Distance Rate Time 
Westbound 
Boat 

D 15 t 

Eastbound 
Boat 

70 −D 20 t 

 
⎩
⎨
⎧

=−
=

tD
tD

2070
15

 

 tt 201570 =−  
 t3570 =  
 t=2  
 2 hours 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2.3 Exercises 
 

1. 
4
7

− ; (0, 3) 

 
2. Cost; time 
 
3. 2.5 
 
4. Point-slope 
 
5. Answers will vary. 
 
6. Answers will vary. 
 
7. 1054 =+ yx  

 
2

5
4

1045

+−=

+−=

xy

xy
 

  

x 2
5
4

+−= xy  

− 5 ( ) 62425
5
4

=+=+−−=y  

− 2 ( )
5

182
5
822

5
4

=+=+−−=y  

0 ( ) 22020
5
4

=+=+−=y  

1 ( )
5
62

5
421

5
4

=+−=+−=y  

3 ( )
5
22

5
1223

5
4

−=+−=+−=y  
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8. 923 =− xy  

 
3

3
2

923

+=

+=

xy

xy
 

  

x 3
3
2

+= xy  

− 5 ( )
3
13

3
1035

3
2

−=+−=+−=y  

− 2 ( )
3
53

3
432

3
2

=+−=+−=y  

0 ( ) 33030
3
2

=+=+=y  

1 ( )
3

113
3
231

3
2

=+=+=y  

3 ( ) 53233
3
2

=+=+=y  

 
9. 4.12.04.0 =+− yx  

 
72

4.14.02.0
+=
+=

xy
xy

 

  
x 72 += xy  
− 5 ( ) 3710752 −=+−=+−=y  
− 2 ( ) 374722 =+−=+−=y  
0 ( ) 770702 =+=+=y  
1 ( ) 972712 =+=+=y  
3 ( ) 1376732 =+=+=y  

 
10. 1.27.02.0 −=+− yx  

 
3

7
2

1.22.07.0

−=

−=

xy

xy
 

   

x 3
7
2

−= xy  

− 5 ( )
7
313

7
1035

7
2

−=−−=−−=y  

− 2 ( )
7
253

7
432

7
2

−=−−=−−=y  

0 ( ) 33030
7
2

−=−=−=y  

1 ( )
7

193
7
231

7
2

−=−=−=y  

3 ( )
7

153
7
633

7
2

−=−=−=y  

11. 1
5
1

3
1

−=+ yx  

 
5

3
5

1
3
1

5
1

−−=

−−=

xy

xy
 

   

x 5
3
5

−−= xy  

− 5 ( )
3

105
3
2555

3
5

=−=−−−=y  

− 2 ( )
3
55

3
1052

3
5

−=−=−−−=y  

0 ( ) 55050
3
5

−=−=−−=y  

1 ( )
3
205

3
551

3
5

−=−−=−−=y  

3 ( ) 105553
3
5

−=−−=−−=y  

 

12. 2
3
1

7
1

=− xy  

 
14

3
7

2
3
1

7
1

+=

+=

xy

xy
 

  

x 14
3
7

+= xy  

− 5 ( )
3
714

3
35145

3
7

=+
−

=+−=y  

− 2 ( )
3
2814

3
14142

3
7

=+−=+−=y  

0 ( ) 14140140
3
7

=+=+=y  

1 ( )
3

4914
3
7141

3
7

=+=+=y  

3 ( ) 21147143
3
7

=+=+=y  
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13. 936 =− yx  

 
32

963
−=
+−=−

xy
xy

 

 New Coefficient:  2 
 New Constant:  − 3 
 
14. 1849 =− xy  

 
2

9
4

1849

+=

+=

xy

xy
 

 New Coefficient:  
9
4  

 New Constant:  2 
 
15. 1.23.05.0 =−− yx  

 
7

3
5

1.25.03.0

−
−

=

+=−

xy

xy
 

 New Coefficient:  
3
5−  

 New Constant:  − 7 
 
16. 4.26.07.0 −=+− yx  

 
4

6
7

4.27.06.0

−=

−=

xy

xy
 

 New Coefficient:  
6
7  

 New Constant:  − 4 
 

17. 
7
4

7
1

6
5

−=+ yx  

 
4

6
35

7
4

6
5

7
1

−−=

−−=

xy

xy
 

 New Coefficient:  
6

35
−  

 New Constant:  − 4 
 
 
 
 
 
 
 
 
 

18. 
6
7

15
4

12
7

=− xy  

 
2

35
16

6
7

15
4

12
7

+=

+=

xy

xy
 

 New Coefficient:  
35
16  

 New Constant:  2 
 

19. 5
3
4

+−= xy  

x 5
3
4

+−= xy  

0 ( ) 55050
3
4

=+=+−=y  

3 ( ) 15453
3
4

=+−=+−=y  

6 ( ) 35856
3
4

−=+−=+−=y  
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20. 1
4
5

+= xy  

x 1
4
5

+= xy  

− 4 ( ) 41514
4
5

−=+−=+−=y  

0 ( ) 11010
4
5

=+=+=y  

4 ( ) 61514
4
5

=+=+=y  

 

  
 

21. 2
2
3

−−= xy  

x 2
2
3

−−= xy  

0 ( ) 22020
2
3

−=−=−−=y  

2 ( ) 52322
2
3

−=−−=−−=y  

4 ( ) 82624
2
3

−=−−=−−=y  

 

  
 
 
 
 
 
 

22. 3
5
2

−= xy  

x 3
5
2

−= xy  

− 5 ( ) 53235
5
2

−=−−=−−=y  

0 ( ) 33030
5
2

−=−=−=y  

5 ( ) 13235
5
2

−=−=−=y  

 

  
 

23. 4
6
1

+−= xy  

x 4
6
1

+−= xy  

− 6 ( ) 55146
6
1

=+=+−−=y  

0 ( ) 44040
6
1

=+=+−=y  

6 ( ) 34146
6
1

=+−=+−=y  
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24. 3
3
1

+−= xy  

x 3
3
1

+−= xy  

− 3 ( ) 43133
3
1

=+=+−−=y  

0 ( ) 33030
3
1

=+=+−=y  

3 ( ) 23133
3
1

=+−=+−=y  

 

  
 
25. 1243 =+ yx  
 x-intercept: (4, 0) y-intercept: (0, 3) 

 
4
123
12)0(43

=
=
=+

x
x

x
  

3
124
124)0(3

=
=
=+

y
y
y

 

 a. 
4
3

04
30

−=
−
−

=m  

 

 b. 3 3
4

y x= − +  

 
 c. The coefficient of x is the slope and the 

 constant is the y-intercept. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

26. 623 −=− xy  
 x-intercept: (3, 0) y-intercept: (0, − 2) 

 
3

62
62)0(3

=
−=−
−=−

x
x
x

  
2
63
6)0(23

−=
−=
−=−

y
y

y
 

 

 a. 
3
2

03
)2(0
=

−
−−

=m  

 

 b. 2 2
3

y x= −  

 
 c. The coefficient of x is the slope and the 

 constant is the y-intercept. 
 
 
27. 1052 =− yx  
 x-intercept: (5, 0) y-intercept: (0, − 2) 

 
5
102
10)0(52

=
=
=−

x
x

x
  

2
105
105)0(2

−=
=−
=−

y
y
y

 

 

 a. 
5
2

05
)2(0
=

−
−−

=m  

 

 b. 2 2
5

y x= −  

 
 c. The coefficient of x is the slope and the 

 constant is the y-intercept. 
 
28. 932 =+ yx  

 x-intercept: ⎟
⎠
⎞

⎜
⎝
⎛ 0,

2
9  y-intercept: (0, 3) 

 

2
9
92
9)0(32

=

=
=+

x

x
x

  
3
93
93)0(2

=
=
=+

y
y
y

 

 

 a. 
3
2

9
6

2
9
3

0
2
9

30
−=−=

−
=

−

−
=m  

 

 b. 2 3
3

y x= − +  

 
 c. The coefficient of x is the slope and the 

 constant is the y-intercept. 
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29. 1554 −=− yx  

 x-intercept: ⎟
⎠
⎞

⎜
⎝
⎛− 0,

4
15  y-intercept: (0, 3) 

 

4
15
154
15)0(54

−=

−=
−=−

x

x
x

 

 
3

155
155)0(4

=
−=−
−=−

y
y
y

 

 

 a. 
5
4

15
12

4
15
3

0
4

15
30

==
−

−
=

−−

−
=m  

 
 

 b. 4 3
5

y x= +  

 
 c. The coefficient of x is the slope and the 

 constant is the y-intercept. 
 
30. 2565 −=+ xy  

 x-intercept: ⎟
⎠
⎞

⎜
⎝
⎛− 0,

6
25  y-intercept: (0, − 5) 

 

6
25

256
256)0(5

−=

−=
−=+

x

x
x

 

 
5
255
25)0(65

−=
−=
−=+

y
y

y
 

 

 a. 
5
6

25
30

6
25
5

0
6
25

)5(0
−=−=

−
=

−−

−−
=m  

 

 b. 6 5
5

y x= − −  

 
 c. The coefficient of x is the slope and the 

 constant is the y-intercept. 
 
31. 632 =+ yx  

 
2

3
2

623

+−=

+−=

xy

xy
 

 =m
3
2

− ; y-intercept (0, 2) 

32. 1234 =− xy  

 
3

4
3

1234

+=

+=

xy

xy
 

 =m
4
3 ; y-intercept (0, 3) 

 
33. 2045 =+ yx  

 
5

4
5

2054

+−=

+−=

xy

xy
 

 =m
4
5

− ; y-intercept (0, 5) 

 
34. 42 =+ xy  
 42 +−= xy  
 =m − 2; y-intercept (0, 4) 
 
35. yx 3=  

 xy
3
1

=  

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

 
36. yx 52 −=  

 xy
5
2

−=  

 =m
5
2

− ; y-intercept (0, 0) 

 
37. 01243 =−+ yx  

 
3

4
3

1234

+−=

+−=

xy

xy
 

 =m
4
3

− ; y-intercept (0, 3) 

 
38. 02035 =+− xy  

 
4

5
3

2035

−=

−=

xy

xy
 

 =m
5
3 ; y-intercept (0, -4) 
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39. m = 
3
2 ; y-intercept (0, 1) 

 
1

3
2

+=

+=

xy

bmxy
 

 

40. m = 
5
2

− ; y-intercept (0, 3) 

 
3

5
2

+−=

+=

xy

bmxy
 

 
41. m = 3; y-intercept (0, 3) 

 
33 +=
+=

xy
bmxy

 

 
42. m = − 2; y-intercept (0, − 3) 

 
32 −−=

+=
xy

bmxy
 

 
43. m =3; y-intercept (0, 2) 

 
23 +=
+=

xy
bmxy

 

 

44. m = 
2
3

− ; y-intercept (0, − 4) 

 
4

2
3

−−=

+=

xy

bmxy
 

 
45. m = 250; (14, 4000) 

 

( )

500250
35002504000

)14(2504000
11

+=
−=−
−=−

−=−

xy
xy
xy

xxmyy

 

 500250)( += xxf  
 
46. m = -100; (7, 1200) 

 

( )

1900100
7001001200

)7(1001200
11

+−=
+−=−
−−=−

−=−

xy
xy
xy
xxmyy

 

 1900100)( +−= xxf  
 
 
 
 

47. m = 
2

75 ; (24,1050) 

 

( )

( )

150
2

75

900
2

751050

24
2

751050

11

+=

−=−

−=−

−=−

xy

xy

xy

xxmyy

 

 150
2
75

)( += xxf  

 
48. m = − 4; ( − 3, 2) 

 

( )

104
1242

)3(42
11

−−=
−−=−
+−=−
−=−

xy
xy
xy

xxmyy

 

  
49. m = 2; (5, − 3) 

 

( )

132
1023

)5(23
11

−=
−=+
−=+
−=−

xy
xy
xy

xxmyy

 

  

50. m = 
2
3

− ; ( − 4, 7) 

 

( )

( )

1
2
3

6
2
37

4
2
37

11

+−=

−−=−

+−=−

−=−

xy

xy

xy

xxmyy

 

  
51. 3 5 20x y+ =  

 
5 3 20

3 4
5

y x

y x

= − +

= − +
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52. 42 =− xy  

 
2

2
1

42

+=

+=

xy

xy
 

  
 
53. 2 3 15x y− =  

 
3 2 15

2 5
3

y x

y x

− = − +

= −
 

 

 
 
54. 3 2 4x y− + =  

 
2 3 4

3 2
2

y x

y x

= +

= +
 

 

 
 
 
 

55. 3
3
2

+= xy  

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

  
 

56. 1
2
5

−= xy  

 m = 
2
5 ; y-intercept (0, -1) 

  
 

57. 2
3
1

+−= xy  

 m = 
3
1− ; y-intercept (0, 2) 

  
 
 
 
 
 



2.3 Exercises 

 126 

58. 2
5
4

+−= xy  

 m = 
5
4

− ; y-intercept (0, 2) 

  
 
59. 52 −= xy  
 m = 2; y-intercept (0, − 5) 

  
 
60. 43 +−= xy  
 m = − 3; y-intercept (0, 4) 

  
 
 
 
 
 
 
 
 
 
 

61. 3
2
1)( −= xxf  

 m = 
2
1 ; y-intercept (0, − 3) 

  
 

62. 2
2
3)( +−= xxf  

 m = 
2
3

− ; y-intercept (0, 2) 

  
 
63. 1052 =− yx  

 
2

5
2

1025

−=

+−=−

xy

xy
 

 m = 
5
2 ; ( − 5, 2) 

 

( )

( )( )
1 1

22 5
5
22 2
5
2 4
5

y y m x x

y x

y x

y x

− = −

− = − −

− = +

= +
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64. 2796 =+ yx  

 
3

3
2

2769

+−=

+−=

xy

xy

 

 m = 
3
2

− ; ( − 3, − 5); 

 

( )

( )

7
3
2

2
3
25

3
3
25

11

−−=

−−=+

+−=+

−=−

xy

xy

xy

xxmyy

 
 
65. 935 =− xy  

 5
9

5
3

935

+=

+=

xy

xy

 

 m = 
3
5

− ; (6, − 3); 

 

( )

( ) ( )

1 1

53 6
3
53 10
3
5 7
3

y y m x x

y x

y x

y x

− = −

− − = − −

+ = − +

= − +

 

 
66. 74 =− yx  

 4
7

4
1

74

−=

+−=−

xy

xy

 
 m = − 4; ( − 5, 3) 

 

( )

174
2043

)5(43
11

−−=
−−=−
+−=−
−=−

xy
xy
xy

xxmyy

 

 
 
 
 
 
 
 
 
 
 
 

67. 65512 =+ yx  

 
13

5
12

65125

+−=

+−=

xy

xy
 

 m = 
5

12
− ; ( − 2, − 1) 

 

( )

( )

5
29

5
12

5
24

5
121

2
5

121

11

−−=

−−=+

+−=+

−=−

xy

xy

xy

xxmyy

 

 
68. 50815 =− xy  

 
3

10
15
8

50815

+=

+=

xy

xy
 

 m = 
15
8 ; (3, − 4) 

 

( )

( )

5
28

15
8

15
24

15
84

3
15
84

11

−=

−=+

−=+

−=−

xy

xy

xy

xxmyy

 

 
69. 3y = −  has slope of zero. 
 Slope of any line parallel to this line has the 

same slope, 0. 

 5 0(2)
5 ;

y mx b
b

b

= +
= +
=

 

 
0 5
5

y x
y
= +
=

 

  
70. 3y = −  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): 2x =  
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71. 4 5 8y x− =  
 4 5 8y x= +  

 5 2
4

y x= + ; 

 
5 4 15
5 4 15

4 3
5

y x
y x

y x

+ = −
= − −

= − −

 

 perpendicular 
 
72. 3 2 6y x− =  
 3 2 6y x= +  

 2 2
3

y x= + ; 

 
2 3 3

3 2 3
2 1
3

x y
y x

y x

− + = −
= −

= −

 

 parallel 
 
73. 2052 =− yx  

 
;4

5
2

2025

−=

+−=−

xy

xy
 

 

6
3
4

1843
1834

−=

+−=−
=−

xy

xy
yx

 

 Neither 
 
74. 135115 += xy  

 ;27
5

11
+= xy  

 

7
11
5

77511
77511

−−=

−−=
−=+

xy

xy
xy

 

 Perpendicular; slopes are opposite 
reciprocals. 

 
 
 
 
 
 
 
 
 
 

75. 1264 =+− yx  

 
;2

3
2

1246

+=

+=

xy

xy
 

 

2
3
2

623
632

+−=

+−=
=+

xy

xy
yx

 

 Neither 
 
76. 1243 =+ yx  

 
;3

4
3

1234

+−=

+−=

xy

xy
 

 

4
1

4
3

268
286

+−=

+−=
=+

xy

xy
yx

 

 Parallel; slopes are the same. 
 
77. ( ) ( )0,1 , 4, 2−  

 2 1 3
4 0 4

m − −
= = −

−
 

 a. ( ) ( )34 2
4

y x− − = − −  

  3 34
4 2

y x+ = − +  

  3 5
4 2

y x= − −  

 b. ( ) ( )44 2
3

y x− − = −  

  4 84
3 3

y x+ = −  

  4 20
3 3

y x= −  
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78. ( ) ( )2, 2 , 3,0−  

 
( )

0 2 2
3 2 5

m − −
= =

− −
 

 a. ( )23 1
5

y x−
− = −  

  2 23
5 5

y x−
− = +  

  2 17
5 5

y x−
= +  

 

 b. ( )53 1
2

y x− = −  

  5 53
2 2

y x− = −  

  5 1
2 2

y x= +  

 
79. ( ) ( )4,0 , 5, 4−  

 
( )

4 0 4
5 4 9

m −
= =

− −
 

 a. ( )( )43 1
9

y x− = − −  

  ( )43 1
9

y x− = +  

  4 43
9 9

y x− = +  

  4 31
9 9

y x= +  

 

 b. ( )( )93 1
4

y x−
− = − −  

  ( )93 1
4

y x−
− = +  

  9 93
4 4

y x−
− = −  

  9 3
4 4

y x−
= +  

 
 
 
 
 
 
 
 
 
 
 

80. ( ) ( )2, 4 , 4,0−  

 
( )

0 4 4 2
4 2 6 3

m − − −
= = =

− −
 

 a. ( ) ( )22.5 1
3

y x−
− − = −  

  5 2 2
2 3 3

y x−
+ = +  

  2 11
3 6

y x−
= −  

 

 b. ( ) ( )32.5 1
2

y x− − = −  

  5 3 3
2 2 2

y x+ = −  

  3 4
2

y x= −  

 
81. ( ) ( )2,3 , 4,0−  

 
( )

0 3 3 1
4 2 6 2

m − − −
= = =

− −
 

 a. ( ) ( )12 0
2

y x−
− − = −  

  12
2

y x−
+ =  

  1 2
2

y x−
= −  

 
 b. ( ) ( )2 2 0y x− − = −  
  2 2y x+ =  
  2 2y x= −  
 
82. ( ) ( )3,5 , 2,0−  

 
( )

0 5 5 1
2 3 5

m − −
= = = −

− −
 

 a. ( )3 1 1y x− = − −  
  3 1 1y x− = − +  
  4y x= − +  
 
 b. ( )3 1 1y x− = −  
  3 1y x− = −  
  2y x= +  
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83. m = 2; )5,2(1 −=P  

 

( )

92
425

)2(25
11

−=
−=+
−=+
−=−

xy
xy
xy

xxmyy

 

  
 
84. m = − 1; )3,2(1 −=P  

 

( )

1
23

)2(13
11

−−=
+−=+
−−=+
−=−

xy
xy

xy
xxmyy

 

 1)( −−= xxf  

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

85. 1 2(3, 4), (11, 1)P P− −  

 
( )1 4 3

11 3 8
m

− − −
= =

−
; 

  

( )

( ) ( )

1 1

34 3
8
3 94
8 8
3 41
8 8

y y m x x

y x

y x

y x

− = −

− − = −

+ = −

= −

 

 

 
 
86. 1 2( 1,6), (5,1)P P−  

 
( )

1 6 5
5 1 6

m −
= = −

− −
; 

  

( )

( )

1 1

51 5
6
5 251
6 6
5 31
6 6

y y m x x

y x

y x

y x

− = −

− = − −

− = − +

= − +
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87. m = 0.5; )1.3,8.1(1 −=P  

 

( )

45.0
9.05.01.3

)8.1(5.01.3
11

−=
−=+
−=+
−=−

xy
xy
xy

xxmyy

 

  
 
88. m = 1.5; )125.0,75.0(1 −−=P  

 

( )

15.1
125.15.1125.0

)75.0(5.1125.0
11

+=
+=+
+=+
−=−

xy
xy
xy

xxmyy

 

  
 

89. m = 
5
6 ; (4, 2) 

 
( )

( )

1 1

62 4
5

y y m x x

y x

− = −

− = −
 

 For each 5000 additional sales, income rises 
$6000. 

 

90. m = 
2
3

− ; (3, 9) 

 
( )

( )

1 1

39 3
2

y y m x x

y x

− = −

− = − −
 

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

 

91. m = –20; (0.5, 100) 

 
( )1 1

100 20( 0.5)
y y m x x

y x
− = −

− = − −
 

 For every hour of television, a student’s 
final grade falls 20%. 

 

92. m = 
7
3 ; (2, 3) 

 
( )

( )

1 1

33 2
7

y y m x x

y x

− = −

− = −
 

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

 

93. m = 
2

35 ; (0.5, 10) 

 
( )

( )

1 1

3510 0.5
2

y y m x x

y x

− = −

− = −
 

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

 

94. m = 
5
2 ; (60, 2) 

 
( )

( )

1 1

22 60
5

y y m x x

y x

− = −

− = −
 

 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 
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103. cbyax =+  

 
;

by ax c
a cy x
b b

= − +

= − +
 

 Slope a
b

− , y-intercept 0, c
b

⎛ ⎞
⎜ ⎟
⎝ ⎠

 

 a. 843 =+ yx   

 
4
3

−=−=
b
am ; 

 2
4
8int ===−

b
cy , (0,2) 

 
 b. 1552 −=+ yx  

 
5
2

−=−=
b
am ; 

 3
5

15int −=−==−
b
cy , (0, − 3) 

 
 c. 1265 −=− yx  

 
6
5

6
5

=
−

−=m ; 

 2
6

12int =
−
−

==−
b
cy , (0,2) 

 
 d. 953 =− xy  

 
3
5

3
5
=

−
−=−=

b
am ; 

  3
3
9int ===−

b
cy , (0,3) 

 
104. a. 1052 =+ yx  

  
1

25

10
10

10
5

10
2

=+

=+

yx

yx

 
  x-intercept:  (5, 0) 
  y-intercept: (0, 2) 
 
 b. 1243 −=− yx   

  
1

34

12
12

12
4

12
3

=+
−

−
−

=
−

−
−

yx

yx

 
  x-intercept:  ( − 4, 0) 
  y-intercept: (0, 3) 
 
 
 
 

 c. 845 =+ yx  

  

1
2

5
8

8
8

8
4

8
5

=+

=+

yx

yx

 

  x-intercept:  ⎟
⎠
⎞

⎜
⎝
⎛ 0,

5
8  

  y-intercept: (0, 2) 

  Slope m is always equal to 
h
k− . 

 
105. a.  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. ( ) m/s 34333120
5
3)20( =+=V  

 

 c. 331
5
3361 += C  

  
C

C
=

=

50
5
330  

  50˚C 
 
106. a. Every 5 seconds the velocity is 

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

 

 b. ( ) ft/sec 88.108604.9
5
26)4.9( =+=V  

 

 c. 60
5
26100 += t  

  
t

t
≈

=

7.7
5
2640  

  Approximately 7.7 seconds 
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107. a. 190 150 40 20
6 0 6 3

m −
= = =

−
 

  
150

3
20)( += ttV

 
 
 b. Every three years, the coin increased in 

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

 

108. a. 3500
2

7000
02
1850011500

−=
−

=
−
−

=m  

  185003500)( +−= ttV  
 
 b. Every year the equipment decreases in 

 value by $3500.  Its initial value was 
 $18500. 

 
 c. ( )(4) 3500 4 18500 $4500V = − + =  
 
 d. 6000 3500 18500t= − +  

  
12500 3500

3.6
t

t
− = −

≈
 

  About 3.6 yr 
 
 e. 1000 3500 18500t= − +  

  
17000 3500

5
t

t
− = −
≈

 

  About 5 yr 
 

109. a. 7
6
42

19952001
951

==
−
−

=m  

  97)( += ttN  
 
 b. Every 1 year, the number of homes 

 hooked to the internet increases by 7 
 million. 

 
 c. 970 += t  

  

t

t

t

=−

=−

=−

29.1
7
9

79

 

  1.29 years prior to 1995 is 1993. 
 
 
 
 
 
 
 
 
 
 

110. a. 8.14
5

74
19952000
72146

==
−
−

=m  

  728.14)( += ttN  
 
 b. Every 1 year, sales increase by $14.8 

 billion dollars. 
 
 c. 728.14250 += t  

  
t

t
=
=

03.12
8.14178

 

  12.03 years after 1995 is 2007. 
 

111
19902000
7400001320000

−
−

=m  

  58000
10

580000
==  

 74000058000)( += ttP  
 Grows 58,000 every year. 
 ( ) 17260007400001758000)17( =+=P  
 

112. a. 7.2
10
27

19902000
143170

==
−
−

=m  

  1437.2)( += ttM  
 
 b. Every year, the number of restaurant 

 meals increases by about 3 meals. 
 c. ( ) 2.186143167.2)16( =+=M  
  About 186 meals per year.  
 
113. Answers will vary. 
 
114. Graph 1:  D 
 Graph 2:  A 
 Graph 3:  C 
 Graph 4:  B 
 Graph 5:  F 
 Graph 6:  H 
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115. a. ax by c+ =  
  Find x-intercept by letting y = 0. 
  ( )0ax b c+ =  

  
cx
a

=  

  ,0c
a

⎛ ⎞
⎜ ⎟
⎝ ⎠

; 

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

  cy
b

=  

  0, c
b

⎛ ⎞
⎜ ⎟
⎝ ⎠

 

  The intercept method works most 
 efficiently when a and b are factors of c. 

 
 b. Solve ax by c+ =  for y. 

  

;

ax by c
by ax c

a cy x
b b

+ =
= − +

= − +

 

  ; intercept 0,a cm y
b b

⎛ ⎞= − − ⎜ ⎟
⎝ ⎠

 

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

 
116. a. 2 5y x= −  

  2
5
52
052

≥

≥
≥−

x

x
x

  

  ⎟
⎠
⎞

⎢⎣
⎡ ∞∈ ,

2
5x  

 

 b. 2

5
2 3 2

y
x x

=
+ −

 

  
2,

2
1

0)2)(12(
0232 2

−==

=+−
=−+

xx
xx
xx

 

  ( ) ⎟
⎠
⎞

⎜
⎝
⎛ ∞∪⎟

⎠
⎞

⎜
⎝
⎛−∪−∞−∈ ,

2
1

2
1,22,x  

 
 
 
 
 

117. 9103 2 =− xx  

 09103 2 =−−x  

 3
1325

6
13410

6
20810
6

10810010

)3(2
)9)(3(4)10(10 2

±
=

±
=

±
=

+±
=

−−−±
=

x

x

x

x

x

 
 74.0or  07.4 −≈≈ xx  
 
118. xx 279113)5(2 +−=−+−  

 xx
xx

2222
22113102

+=+
+=−+−

 
 Identity; 

 3
124

21642
21611382

279113)4(2

=
=

−=+
−=−+−
−+=−+−

x
x

xx
xx

xx

 
 Has a solution; x = 3; 

 xx
xx

xx

21622
216113102

279113)5(2

+=+
+=−+−
++=−+−

 
 Contradiction 
 
119. 2rA π=  
 Larger circle:  Smaller Circle 

 ( ) 210
100

A
A

π
π

=

=
  ( )28

64
A
A

π
π

=

=
 

 100 64 36π π π− = ≈ 113.10 yds2 
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2.4 Exercises 
 
1. First 
 
2. Domain; exactly one 
 
3. Range 
 
4. f(3) = − 5 
 
5. Answers will vary. 
 
6. Answers will vary. 
 
7. Function 
 
8. Function 
 
9. Not a function.  The Shaq is paired with two 
 heights. 
 
10. Not a function. Canada is paired with 2  
 languages and Brazil is paired with 2. 
 
11. Not a function, 4 is paired with 2 and − 5. 
 
12. Not a function, − 5 is paired with 3 and 7. 
 
13. Function 
 
14. Function 
 
15. Function 
 
16.  Function 
 
17. Not a function, − 2 is paired with 3 and − 4. 
 
18. Not a function, 3 is paired with 3 and − 2. 
 
19. Function 
 
20. Function 
 
21. Function 
 
22. Function 
 
 
 
 
 
 
 
 

23. Not a function, 0 is paired with 4 and − 4. 
 
24. Not a function, 2 is paired with − 2 and 2. 
 
25. Function 
 
26. Function 
 
27. Not a function, 5 is paired with 1−  and 1. 
 
28. Not a function, 0 is paired with 4 and − 4. 
 
29. Function 
 
30. Function 
 
31.  

x y x=  

− 2 2y = −  

− 1 1y = −  

0 0y =  

1 1y =  

2 2y =  
 

 
 Function 
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32.  
x 3y x=  

− 8 3 8 2y = − = −  

− 1 3 1 1y = − = −  

0 3 0 0y = =  

1 3 1 1y = =  

8 3 8 2y = =  
 

 
 Function 
 
33.  

x ( )22y x= +  

− 4 ( )24 2 4y = − + =  

− 3 ( )23 2 1y = − + =  

− 2 ( )22 2 0y = − + =  

− 1 ( )21 2 1y = − + =  

0 ( )20 2 4y = + =  

1 ( )21 2 9y = + =  

 

 
 
 Function 
 
 
 

34.  
x 2x y= −  

2 

2 2
2 2 or 2 2
4      or 0

y
y y
y y

= −

− = − = −
= =

 

1 

1 2
2 1 or 2 1
3      or 1

y
y y
y y

= −

− = − = −
= =

 

0 

0 2
2 0 
2   

y
y
y

= −

− =
=

 

 

 
 
 Not a Function 
 
35. Function; [ ] [ ]3,25,4 −∈−−∈ yx  
  
36. Function; [ ) ( ]5,,4 ∞−∈∞−∈ yx  
  
37. Function; [ ) [ )∞−∈∞−∈ ,4,4 yx  
 
38. Not a Function; [ ] [ ]4,43,0 −∈∈ yx  
 
39. Function; [ ] [ ]1,54,4 −−∈−∈ yx  
 
40.  Function; ( ) ( )∞∞−∈∞∞−∈ ,, yx  
 
41. Function; ( ) ( )∞∞−∈∞∞−∈ ,, yx  
 
42. Not a function; [ ] [ ]4,34,3 −∈−∈ yx  
 
43. Not a function; [ ] [ ]3,35,3 −∈−∈ yx  
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44. Function; ( ) [ )∞−∈∞∞−∈ ,3, yx  
 
45. Not a function; ( ] ( )∞∞−∈∞−∈ ,3, yx  
 
46. Function; [ ) [ )∞∈∞−∈ ,0,4 yx  
 

47. 3( )
5

f x
x

=
−

 

 
5
05

=
=−

x
x

 

 ( ) ( )∞∪−∞∈ ,55,x  
 

48. 2( )
3

g x
x

−
=

+
 

 
3

03
−=

=+
x
x

 

 ( ) ( )∞−∪−−∞∈ ,33,x  
 
49. ( ) 3 5h a a= +  

 

3
5
53

053

−≥

−≥
≥+

a

a
a

 

 ⎟
⎠
⎞

⎢⎣
⎡ ∞−∈ ,

3
5a  

 
50. ( ) 5 2p a a= −  

 

5
2
25
025

≥

≥
≥−

a

a
a

 

 ⎟
⎠
⎞

⎢⎣
⎡ ∞∈ ,
5
2a  

 

51. 2

2( )
25

xv x
x
+

=
−

 

 
5

25

025
2

2

±=
=

=−

x
x

x

 

 ( ) ( ) ( )∞∪−∪−−∞∈ ,55,55,x  
 
 
 
 

52. 2

4( )
49

xw x
x
−

=
−

 

 
7

49

049
2

2

±=
=

=−

x
x

x

 

 ( ) ( ) ( )∞∪−∪−−∞∈ ,77,77,x  
 

53. 
18
5

2 −

−
=

v
vu  

 

23

18

018
2

2

±=

=

=−

v

v

v

 

 ( ) ( ) ( )∞∪−∪−∞−∈ ,2323,2323,v  
 

54. 
12

7
2 −

+
=

q

qp  

 

32

12

012
2

2

±=

=

=−

q

q

q

 

 ( ) ( ) ( )∞∪−∪−∞−∈ ,3232,3232,q  
 

55. 123
25
17

+= xy  

 ( )∞−∞∈ ,x  
 

56. 89
19
11

−= xy  

 ( )∞−∞∈ ,x  
 
57. 1032 −−= nnm  
 ( )∞−∞∈ ,n  
 
58. 1032 −−= tts  
 ( )∞−∞∈ ,t  
 
59. 12 += xy  
 ( )∞−∞∈ ,x  
 
60. 32 +−= xy  
 ( )∞−∞∈ ,x  
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61. 
10321

−−
=

xx
xy  

 ( )( )
2or  5

025
01032

−==
=+−
=−−

xx
xx
xx

 

 ( ) ( ) ( )∞∪−∪−−∞∈ ,55,22,x  
 

62. 
152

4
22

−+

−
=

xx
xy  

 ( )( )
3or  5

035
01522

=−=
=−+
=−+

xx
xx
xx

 

 ( ) ( ) ( )∞∪−∪−−∞∈ ,33,55,x  
 

63. 
52
2

−
−

=
x
xy , 2x ≥  

 

2
5
52
052

=

=
=−

x

x
x

  

 ⎟
⎠
⎞

⎜
⎝
⎛ ∞∪⎟

⎠
⎞

⎢⎣
⎡∈ ,

2
5

2
5,2x  

 

64. 
23
1

+
+

=
x
xy , 1x ≥ −  

 

3
2

23
023

−=

−=
=+

x

x
x

 

 ⎟
⎠
⎞

⎜
⎝
⎛ ∞−∪⎟

⎠
⎞

⎢⎣
⎡ −−∈ ,

3
2

3
2,1x  

 

65. 5( )
2

f x
x

=
−

 

 Since the radicand must be non-negative, 

solve the inequality: 5 0, 2
2

x
x

≥ ≠
−

 

 Use test points to each side of 2. 
5 If 0, 0 false

0 2
x = ≥

−
 

5 If 3, 0 true
3 2

x = ≥
−

 

Domain: ( )2,x∈ ∞  
 

66. 4( )
3

g x
x

−
=

−
 

 Since the radicand must be non-negative, 

solve the inequality: 4 0, 3
3

x
x

−
≥ ≠

−
 

 Use test points to each side of 3. 
4If 0, 0 false

3 0
x −
= ≥

−
 

4If 4, 0 true
3 4

x −
= ≥

−
 

Domain: ( )3,x∈ ∞  
 

67. 2( )
4

h x
x

−
=

+
 

 Since the radicand must be non-negative and 
the denominator cannot equal zero, solve the 
inequality: 4 0, 4x x+ > > − . 

Domain: ( )4,x∈ − ∞  
 

68. 7( )
5

p x
x

−
=

−
 

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

inequality: 
5 0

5
5

x
x

x

− >
− > −
<

. 

Domain: ( ),5x∈ −∞  
 

69. 3
2
1)( += xxf  

 ( ) 03336
2
1)6( =+−=+−=−f ; 

 
4

153
4
33

2
3

2
1

2
3

=+=+⎟
⎠
⎞

⎜
⎝
⎛=⎟

⎠
⎞

⎜
⎝
⎛f ; 

 33)2(
2
1)2( +=+= cccf  

 

70. 5
3
2)( −= xxf  

 ( ) 95456
3
2)6( −=−−=−−=−f ; 

 4515
2
3

3
2

2
3

−=−=−⎟
⎠
⎞

⎜
⎝
⎛=⎟

⎠
⎞

⎜
⎝
⎛f ; 

 5
3
45)2(

3
2)2( −=−= cccf  
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71. xxxf 43)( 2 −=  

 ( ) 13224108)6(463)6( 2 =+=−−−=−f ; 

 6
4
93

2
34

2
33

2
3 2

−⎟
⎠
⎞

⎜
⎝
⎛=⎟

⎠
⎞

⎜
⎝
⎛−⎟

⎠
⎞

⎜
⎝
⎛=⎟

⎠
⎞

⎜
⎝
⎛f  

 ;
4
36

4
27

=−=  

 ( ) ( ) cccccf 843)2(423)2( 22 −=−=  

 212 8c c= −  
 
72. 2( ) 2 3f x x x= +  

 ( ) 18)36(2)6(362)6( 2 −=−+−=−f  
 ;541872 =−=  

 
2
9

4
92

2
33

2
32

2
3 2

+⎟
⎠
⎞

⎜
⎝
⎛=⎟

⎠
⎞

⎜
⎝
⎛+⎟

⎠
⎞

⎜
⎝
⎛=⎟

⎠
⎞

⎜
⎝
⎛f  

;9
2

18
2
9

2
9

==+=  

 ( ) ( ) cccccf 642)2(322)2( 22 +=+=  
 28 6c c= +  
 

73. 
x

xh 3)( =  

 ( ) 1
3
3)3( ==h ; 

 
2
9

3
2

3
3
2

−=
⎟
⎠
⎞

⎜
⎝
⎛−

=⎟
⎠
⎞

⎜
⎝
⎛−h ; 

 
aa

ah 1
3
3)3( ==  

 

74. 
2

2)(
x

xh =  

 
( ) 9

2

3

2)3(
2
==h ; 

 
2
9

4
18

9
4
2

3
2

2
3
2

2
===

⎟
⎠
⎞

⎜
⎝
⎛−

=⎟
⎠
⎞

⎜
⎝
⎛−h ; 

 
( ) 22 9

2

3

2)3(
aa

ah ==  

 
 
 
 

75. 
x
x

xh
5

)( =  

 5
3

)3(5
3
35

)3( ===h ; 

 5

3
2
3
25

3
2
3
25

3
2

−=
−

⎟
⎠
⎞

⎜
⎝
⎛

=
−

−
=⎟

⎠
⎞

⎜
⎝
⎛−h ; 

 
a
a

a
a

a
a

ah
5

3
15

3
35

)3( === ; 

 − 5 if a < 0; 5 if a > 0 
 

76. 
x
x

xh
4

)( =  

 4
3

)3(4
3
34

)3( ===h ; 

 4

3
2
3
24

3
2
3
24

3
2

−=
−

⎟
⎠
⎞

⎜
⎝
⎛

=
−

−
=⎟

⎠
⎞

⎜
⎝
⎛−h ; 

 
a
a

a
a

a
a

ah
4

3
)3(4

3
34

)3( === ; 

 − 4 if a < 0; 4 if a > 0 
 
77. rrg π2)( =  
 ( ) ( ) ππ 8.04.024.0 ==g ; 

 ππ
2
9

4
92

4
9

=⎟
⎠
⎞

⎜
⎝
⎛=⎟

⎠
⎞

⎜
⎝
⎛g ; 

 ( ) ( ) hhhg ππ 22 == ; 
  
78. ( ) rhrg π2=  
 ( ) ( ) hhg ππ 8.04.024.0 == ; 

 hhg ππ
2
9

4
92

4
9

=⎟
⎠
⎞

⎜
⎝
⎛=⎟

⎠
⎞

⎜
⎝
⎛ ; 

 ( ) ( ) 222 hhhhg ππ ==  
 
79. ( ) 2rrg π=  

 ( ) ( ) ππ 16.04.04.0 2 ==g ; 

 ππ
16
81

4
9

4
9 2

=⎟
⎠
⎞

⎜
⎝
⎛=⎟

⎠
⎞

⎜
⎝
⎛g ; 

 ( ) ( ) 22 hhhg ππ ==  
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80. ( ) hrrg 2π=  

 ( ) ( ) hhg ππ 16.04.04.0 2 == ; 

 hhg ππ
16
81

4
9

4
9 2

=⎟
⎠
⎞

⎜
⎝
⎛=⎟

⎠
⎞

⎜
⎝
⎛ ; 

 ( ) ( ) 32 hhhhg ππ ==  
 
81. ( ) 32 += xxp  

 ( ) ( ) 243135.025.0 ==+=+=p ; 

 
2
30

2
153

2
93

4
92

4
9

==+=+⎟
⎠
⎞

⎜
⎝
⎛=⎟

⎠
⎞

⎜
⎝
⎛p ; 

 ( ) ( ) 3232 +=+= aaap  
 
82. ( ) 14 −= xxp  

 ( ) ( ) 111215.045.0 ==−=−=p ; 

 228191
4
94

4
9

==−=−⎟
⎠
⎞

⎜
⎝
⎛=⎟

⎠
⎞

⎜
⎝
⎛p ; 

 ( ) ( ) 1414 −=−= aaap  
 

83. ( )
2

2 53

x

xxp −
=  

 ( ) ( )
( ) 25.0

5)25.0(3

5.0

55.035.0
2

2 −
=

−
=p  

 17
25.0
25.4

25.0
575.0

−=
−

=
−

=  

 

16
81

5
16
813

4
9

5
4
93

4
9

2

2
−⎟

⎠
⎞

⎜
⎝
⎛

=

⎟
⎠
⎞

⎜
⎝
⎛

−⎟
⎠
⎞

⎜
⎝
⎛

=⎟
⎠
⎞

⎜
⎝
⎛p  

 
81

163

16
81
16
163

16
81

5
16
243

==
−

= ; 

 ( ) ( )
( ) 2

2

2

2 5353

a
a

a

aap −
=

−
=  

 
 
 
 
 
 

84. ( )
2

2 32
x

xxp +
=  

 ( ) ( )
( ) 25.0

3)25.0(2

5.0

35.025.0
2

2 +
=

+
=p  

 14
25.0
5.3

25.0
35.0

==
+

= ; 

 

16
81

3
16
812

4
9

3
4
92

4
9

2

2
+⎟

⎠
⎞

⎜
⎝
⎛

=

⎟
⎠
⎞

⎜
⎝
⎛

+⎟
⎠
⎞

⎜
⎝
⎛

=⎟
⎠
⎞

⎜
⎝
⎛p  

 
27
70

81
210

16
81
8

105

16
81

3
8
81

===
+

=  

 ( ) ( )
( )

2 2

2 2

2 3 2 3a ap a
aa

+ +
= =  

 
85. a. D:{ − 1, 0, 1, 2, 3, 4, 5} 

b. R:{ − 2, − 1, 0, 1, 2, 3, 4} 
 c. f(2) = 1 

d. ( 1) 4f − =  
 
86. 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. ( 3) 3, (5) 3f f− = =   
 

87. a. ]5,5[−∈x  
b. [ 3,4]y∈ −  

 c. f(2) = − 2 
d when y = 1, x = 0 and x = − 4. 
 

88. a. ]5,3[−∈x  
b. [ 4,5]y∈ −  

 c. f(2) = − 4 
d. when y = − 3, x = 1 and x = 3. 

 
89. a. ),3[ ∞−∈x  

b. ]4,(−∞∈y  
 c. f(2) = 2 

d. when y = 2, x = 2 and x = − 2 
 
90. a. ),5[ ∞−∈x  

b. [ 2, )y∈ − ∞  
 c. f(2) = − 2 

d. when y = − 1, x = 1 and x = 3 
 



Chapter 2: Relations, Functions and Graphs 

 141 

91. 151
2
9)( −= HHW  

 a. ( )9(75) 75 151 186.5 lb
2

W = − =  

 b. ( )9(72) 72 151 173 lb
2

W = − =  

  210 – 173 = 37 lb 
 

92. ( )32
9
5

−= FC   

 a. ( ) ( ) 59
9
53241

9
5

==−=C ˚C 

 b. ( )32
9
5

−= FC  

  
FC

FC

=+

−=

32
5
9

32
5
9

 

  

( )

F
F

F

=
=+

=+

41
329

325
5
9

 

  They are the same result. 
 

93. 1 1
2

A B I= + −  

 
( 3,1), (3,9), (7,6)
PQR

P Q R−
�

 

 
( )

9 1 4
3 3 3

m −
= =

− −
 

 

( )41 3
3
41 4
3

4 5
3

y x

y x

y x

− = +

− = +

= +

 

 (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 I = 24.  

 ( ) 21 8 22 1 25 units
2

A = + − =  

 
 
 

94. a. ggN 23)( =  
 
 b. ]345,0[];15,0[ ∈∈ Ng  
 
95 a. ggN 5.2)( =  
 

 b. ]5.12,0[];5,0[ ∈∈ Ng  
 
96. a. [ )∞∈ ,0D  
 

 b. ( ) 33 units24425.6)25.6( ≈=V  
 

 c. ( ) ( ) 6322 822 xxxV ==  
 
97. a. [ )∞∈ ,0D  
 
 b. ( ) ( ) ππ 7505.71005.7 ==V  
 

 c. 38 8100 800 cmV π
π π
⎛ ⎞ ⎛ ⎞= =⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠

 

 
98. a. ( ) 12.50 19.50c t t= +  
 
 b. (3.5) 12.50(3.5) 19.50 $63.25c = + =  
 
 c. 50.1950.1275.119 += t  

  
100.25 12.50

8 hr
t

t
=

≈
 

 
 d. 50.1950.12150 += t  

  
130.5 12.50
10.44 hr

t
t

=

=
 

  [0,10.44]; [0,150]t c∈ ∈  
 
99. a. ( ) 42.50 50c t t= +  
 
 b. (2.5) 42.50(2.5) 50 $156.25c = + =  
 
 c. 5050.4250.262 += t  

  
212.50 42.50

5 hr
t

t
=

=
 

 
 d. 5050.42500 += t  

  
450 42.50
10.6 hr

t
t

=

≈
  

  [0,10.6]; [0,500]t c∈ ∈  
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100. a. Yes.  
  Each “x” is paired with exactly one “y”. 
 
 b. 9 P.M. 
 
 c. m

2
13  

 
 d. 5 P.M. and 1 A.M. 
 
101. a. Yes.  
  Each “x” is paired with exactly one “y”. 
 
 b. 10 P.M. 
 
 c. 0.9 m 
 
 d. 7 P.M. and 1 A.M. 
 
102. a. Use (25,900) and (29,1100) for the 25th 

 to 29th . 
  The average weight of change: 

 1100 900 50 ;
29 25 1

weight
time

−
= =

−
�

�
 Positive; 

  50 grams are gained each week. 
 
 b. Use (32,1600) and (36,2600) for the 

 32nd  to 36th . 
  The average weight of change: 

 2600 1600 250 ;
36 32 1

weight
time

−
= =

−
�

�
  

  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). 

  2.2 3.2 1 ;
40 20 20

fertility
time

−
= = −

−
�

�
 Negative; 

  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). 

  3.0 2.2 0.8 ;
50 40 10

fertility
time

−
= =

−
�

�
 Positive; 

  Fertility is increasing by less than one 
 child every 10 years. 

 
 c. from 1980 to 1990, use (80,1.8).and 

 (90,2.0). 

  2.0 1.8 0.2 ;
90 80 10

fertility
time

−
= =

−
�

�
The 

 fertility rate was increasing four times 
 as fast from 1940 to 1950. 

 
 
 

 
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 I and III. 
  

 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Chapter 2: Relations, Functions and Graphs 

 143 

 
106. Negative outputs become positive. 
  

 

  
 

107. a. 3 , 2
2

xy x
x
−

= ≠ −
+

 

  Domain: ( ) ( ), 2 2,x∈ −∞ − ∪ − ∞ ; 

  ( ) ( ) 32 2
2

xx y x
x
−⎛ ⎞+ = + ⎜ ⎟+⎝ ⎠

 

  

2 3
2 3

( 1) 2 3
2 3 2 3 , 1

1 1

xy y x
xy x y
x y y

y yx y
y y

+ = −
− = − −
− = − −
− − +

= = ≠
− −

 

  Range: ( ) ( ),1 1,y∈ −∞ ∪ ∞  
 
 b. 2 3y x= −  
  Domain: x∈ � ; 

  

2

2

3
3

3 ;

y x
y x

y x

= −

+ =

± + =

 

  
3 0

3
y
y
+ ≥
≥ −

 

  Range: [ )3,y∈ − ∞  
 
 
 
 

108. 
7
3

7
3

25
63

=
−
−

=
−−
−

=m  

 
9
8

9
8

90
44

=
−
−

=
−
−−

=m  

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

 
109. a. 654624 −+  

  

619

661862

663662

=

−+=

−⋅+=

 

 

 b. ( )( )3232 −+  

  
1

332324
=

−+−=  

 
110. 0142 =+− xx  

 

( )

2
4164

)1(2
)1)(1(444 2

−±
=

−−±
=

x

x
 

 

32
2

324
2

124

±=

±
=

±
=

x

x

x

 

 
111. a. 75253 23 +−− xxx  

  

( ) ( )
( ) ( )

( )( )
( )( )( )553

253

3253

75253

2

2

23

+−−=
−−=

−−−=

−−−=

xxx
xx

xxx

xxx

 

 

 b. ( )( )83224132 2 −+=−− xxxx  
 

 c. ( )( )25104521258 23 ++−=− xxxx  
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Chapter 2 Mid-Chapter Check 
 
1. 1234 =− yx  

 4
3
4

1243
−=

+−=−

xy
xy

 

  
 
2. (–3, 8) and (4, –10) 

 7
18

)3(4
810 −
=

−−
−−

=m
 

 

3.  
( )0.5 2 1.5 1.5

2003 2002 1
m

− − −
= = =

−
;  

 Positive, loss is decreasing, profit is 
increasing. 

 Data.com’s loss decreases by 1.5 million 
dollars per year. 

 

4. (1, 4); 
3
2

−=m  

  

 
2
3

=m ; (1, 4) 

 

( )

( )

2
5

2
3

2
3

2
34

1
2
34

11

+=

−=−

−=−

−=−

xy

xy

xy

xxmyy

 
 

5. x = –3; not a function. Input –3 is paired 
with more than one output. 

 

6. 
3
4

−=m ; y-intercept (0, 4) 

 4
3
4

+−= xy ; is a function. Each input is 

paired with only one output. 
 
7. a. h(2) = 0 
 
 b. ]5,3[−∈x  
 
 c.  x = − 1 when h(x) = − 3 
 
 d. ]5,4[−∈y  
 
8. Rate of change from x = 1 to x = 2 is larger. 

It is steeper. 
 

9. 
4
3

=m ; (1, 2)  

 

( )

( )

4
5

4
3

4
3

4
32

1
4
32

11

+=

−=−

−=−

−=−

xy

xy

xy

xxmyy

 

 
4
5

4
3)( += ppF  

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

 
( ) 25.1625.115

4
520

4
3)20( =+=+=F

 
 Fox population is 1625 when the pheasant 

population is 20,000. 
 
10. a. D = {-3, -2, -1, 0, 1, 2, 3, 4} 
     R = {-3, -2, -1, 0, 1, 2, 3, 4} 
 
 b. ]4,3[−∈x  
  ]4,3[−∈y  
 
 c. ),( ∞−∞∈x  
  ),( ∞−∞∈y  
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Chapter 2 Reinforcing  
Basic Concepts 
 
1. )5,0(1P ; )7,6(2P  

 a. 
3
1

6
2

06
57

==
−
−

=m ; increasing 

 

 b. ( )0
3
15 −=− xy  

 

 c.  5
3
1

+= xy  

 

 d.  5
3
1

+= xy  

  153

5
3
1

−=−

=+−

yx

yx

 
 
 e. x-intercept: ( − 15, 0) y-intercept: (0, 5) 

  15
15)0(3

−=
−=−

x
x

 
5

153
1530

=
−=−
−=−

y
y
y

 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2. )2,3(1P  )9,0(2P  

 a. 
3
7

3
7

30
29

−=
−

=
−
−

=m ; decreasing 

 

 b. ( )0
3
79 −−=− xy  

 

 c. 9
3
7

+−= xy  

 

 d. 9
3
7

+−= xy  

  2737

9
3
7

=+

=+

yx

yx

 
 

 e. x-intercept: ⎟
⎠
⎞

⎜
⎝
⎛ 0,

7
27 y-intercept: (0, 9) 

  
7
27
27)0(37

=

=+

x
x

 

 
9
273
273)0(7

=
=
=+

y
y
y
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3. )2,3(1P ; )5,9(2P  

 a. 
2
1

6
3

39
25

==
−
−

=m ; increasing 

 

 b. ( )3
2
12 −=− xy  

 

 c. 
2
3

2
12 −=− xy  

  2
1

2
1

+= xy
 

 

 d. 
2
1

2
1

+= xy  

  12
2
1

2
1

−=−

=+−

yx

yx

 

 e. x-intercept: ( − 1, 0)  y-intercept: ⎟
⎠
⎞

⎜
⎝
⎛

2
1,0  

  1
1)0(2
−=
−=−

x
x

  
2
1
120

=

−=−

y

y
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4. )4,5(1 −−P ; )2,3(2P  

 a. 
4
3

8
6

)5(3
)4(2

==
−−
−−

=m ; increasing 

 

 b. ( )5
4
34 +=+ xy  

 

 c. 
4

15
4
34 +=+ xy  

  4
1

4
3

−= xy
 

 

 d. 
4
1

4
3

−= xy  

  143
4
1

4
3

=−

−=+−

yx

yx

 
 

 e. x-intercept: ⎟
⎠
⎞

⎜
⎝
⎛ 0,

3
1   

  y-intercept: ⎟
⎠
⎞

⎜
⎝
⎛ −

4
1,0  

  

3
1
13
1)0(43

=

=
=−

x
x

x
 

 

4
1

14
14)0(3

−=

=−
=−

y
y
y

 

  
 
 
 
 
 
 
 
 
 
 
 
 



Chapter 2: Relations, Functions and Graphs 

 147 

5. )5,2(1 −P ; )1,6(2 −P  

 a. 
4
3

8
6

)2(6
51

−=
−

=
−−
−−

=m ; decreasing 

 

 b. ( )2
4
35 +−=− xy  

 

 c. 
2
3

4
35 −−=− xy  

  
2
7

4
3

+−= xy  

 

 d. 
2
7

4
3

+−= xy  

  1443
2
7

4
3

=+

=+

yx

yx

 
 

 e. x-intercept: ⎟
⎠
⎞

⎜
⎝
⎛ 0,

3
14   y-intercept: ⎟

⎠
⎞

⎜
⎝
⎛

2
7,0  

  

3
14
143
14)0(43

=

=
=+

x
x

x
 

 

2
7
144
144)0(3

=

=
=+

y
y
y

 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

6. )7,2(1 −P ; )2,8(2 −−P  

 a. 
2
1

10
5

28
)7(2

−=
−

=
−−
−−−

=m ; 

 decreasing 
 

 b. ( )2
2
17 −−=+ xy  

 

 c. 1
2
17 +−=+ xy  

  
6

2
1

−−= xy
 

 

 d. 6
2
1

−−= xy  

  122

6
2
1

−=+

−=+

yx

yx

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

  12
12)0(2
−=
−=+

x
x  6

1220
−=
−=+

y
y  
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2.5 Technology Highlight 
 
Exercise 1: 2.87, 0.87,x x≈ − ≈  
 min : 7 at ( 1, 7), no maxy = − − −  
Exercise 2: 1.88, 0.35, 1.53,x x x≈ − ≈ ≈  
 max : 3 at ( 1,3), min : 1 at (1, 1)y y= − = − −  
Exercise 3: 1.35, 6.65,x x≈ ≈  
 min : 7 at (4, 7), no maxy = − −  
Exercise 4: 2, 2,x x= − =  
 min : 0 at (2,0), y =

max : 9.48 at ( 0.67,9.48)y ≈ −  
Exercise 5: 2, 0, 2.41,x x x= − = ≈  
 min : 3.20 at ( 1.47, 3.20), y = − − −

min : 9.51 at (1.67, 9.51), y ≈ − −  
 max : 0 at (0,0)y =  
Exercise 6: 4, 0,x x= − =  
 min : 3.08 at ( 2.67, 3.08)y = − − −  
 
2.5 Exercises 
 
1. Linear; bounce 
 
2. Even; y; odd; origin 
 
3. Increasing 
 
4. Maximum 
 
5. Answers will vary. 
 
6. Answers will vary. 
 
7.  

  
 

8.  

  
 
9. ( ) 537 2 ++−= xxxf  

 ( ) ( )27 3 5;f k k k= − + +  

 
( ) ( )

( )

2

2

7 3 5

7 3 5 ( );

f k k k

k k f k

− = − − + − +

= − + + =
 

 Even 
 
10. ( ) 162 4 +−= xxxp  

 ( ) ( ) ( )
;162

162
4

4

+−=
+−=

kk
kkkp  

 ( ) ( ) ( )
162

162
4

4

++=
+−−−=−

kk
kkkp  

 ( ) ( )kpkp −≠ ; Not even 
 

11. ( ) 15
3
1 24 +−= xxxg  

 
( ) ( ) ( )

;15
3
1

15
3
1

24

24

+−=

+−=

kk

kkkg
 

 
( ) ( ) ( )

;15
3
1

15
3
1

24

24

+−=

+−−−=−

kk

kkkg
 

 ( ) ( )kgkg −=  
 Even 
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12. ( ) x
x

xq −=
2

1  

 
( )

( )

;1

1

2

2

k
k

k
k

kq

−=

−=

 

 
( )

( )

k
k

k
k

kq

−=

−−
−

=−

2

2

1

1

 

 ( ) ( )kqkq −=  
 Even 
 
13.  

  
 
14.  

  
 
15. ( ) xxxf −= 34  

 ( ) 34f k k k= −  

 ( ) ( )kkkf −−−=− 34  

 ( )3 34 4 ;k k k k= − + = − −  

 ( ) ( )kfkf −=  
 Odd 
 
 

16. ( ) xxxg 6
2
1 3 −=  

 
( ) ( ) ( )

;6
2

6
2
1

3

3

kk

kkkg

−=

−=
 

 ( ) ( ) ( )kkkg −−−=− 6
2
1 3  

 
3 3

6 6 ;
2 2
k kk k

⎛ ⎞
= − + = − −⎜ ⎟

⎝ ⎠
 

 ( ) ( )kgkg −=  
 Odd 
 
17. ( ) 153 23 +−= xxxp  

 ( ) ( ) ( ) 153 23 +−= kkkp  

 153 23 +−= kk  
 ( ) ( ) ( ) 153 23 +−−−=− kkkp  
 3 23 5 1k k= − − +  
 ( ) ( )kpkp −≠ ; Not Odd 
 

18. ( ) x
x

xq −=
1  

 
( ) ( )

;1

1

k
k

k
k

kq

−=

−=
 

 
( ) ( )1

1 1 ;

q k k
k

k k
k k

− = − −
−

⎛ ⎞= − + = − −⎜ ⎟
⎝ ⎠

 

 ( ) ( )kqkq −= ; odd 
 
19. ( ) 3 2w x x x= −  

 ( ) ( ) ( )3 2w x x x− = − − −  

 3 2x x= − − ; neither 
 

20. ( ) 23 3
4

q x x x= +  

 ( ) 23 ( ) 3
4

q x x x− = − + −  

 23 3
4

x x= + ; even 
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21.   20. ( ) 33 12
4

p x x x= −  

 ( ) 33 12 ( ) ( )
4

p x x x− = − − −  

 3 33 31 12 2
4 4

x x x x⎛ ⎞= − + = − −⎜ ⎟
⎝ ⎠

; odd 

 
22. ( ) 3 7g x x x= +  

 ( ) 3( ) 7( )g x x x− = − + −  

 ( )3 37 7x x x x= − − = − + ; odd 
 
23. ( ) 3 3v x x x= +  

 ( ) 3( ) 3v x x x− = − + −  

 3 3x x= − + ; neither 
 
24. ( ) 4 27 30f x x x= + −  

 ( ) 4 2( ) 7( ) 30f x x x− = − + − −  

 4 27 30x x= + − ; even 
 
25. ( ) 3 23 3f x x x x= − − +  
 Verify Zeros: Let ( ) 0f x =  

 

2

2

0 ( 3) ( 3)
0 ( 3)( 1)
0 ( 3)( 1)( 1)

x x x
x x
x x x

= − − −

= − −
= − + −

 

 Zeros: ( 1,0), (1,0), (3,0)−  

 For ( ) 0f x ≥ , [ ] [ )∞−∈ ,3,1,1x  
 
26. ( ) 3 22 4 8f x x x x= − − +  
 Verify Zeros: Let ( ) 0f x =  

 

3 2

2

2

0 2 4 8
0 ( 2) 4( 2)
0 ( 2)( 4)
0 ( 2)( 2)( 2)

x x x
x x x
x x
x x x

= − − +

= − − −

= − −
= − − +

 

 Zeros: ( 2,0), (2,0)−  
 For ( ) 0f x > , ( ) ( )∞∪−∈ ,22,2x  
 

27. ( ) 4 22 1f x x x= − +  
 Verify Zeros: Let ( ) 0f x =  

 

4 2

2 2

0 2 1
0 ( 1)( 1)
0 ( 1)( 1)( 1)( 1)

x x
x x
x x x x

= − +

= − −
= + − + −

 

 Zeros: ( 1,0), (1,0)−  
 For ( ) 0f x > , ( ) ( ) ( )∞∪−∪−−∞∈ ,11,11,x  
 
28. ( ) 3 22 4 8f x x x x= + − −  
 Verify Zeros: Let ( ) 0f x =  

 

3 2

2

2

0 2 4 8
0 ( 2) 4( 2)
0 ( 2)( 4)
0 ( 2)( 2)( 2)

x x x
x x x
x x
x x x

= + − −

= + − +

= + −
= + + −

 

 Zeros: ( 2,0), (2,0)−  
 For ( ) 0f x ≥ , { } [ )∞∪−∈ ,22x  
 
29. ( ) 3 1 1p x x= − −  

 ( ) 0p x ≥  for [ )2,x∈ ∞  
 
30. ( ) 1 2q x x= + −  

 ( ) 0q x >  for ( )3,x∈ ∞  
 
31. ( ) ( )31 1f x x= − −  

 ( ) 0f x ≤  for ( ], 2x∈ −∞  
 
32. ( ) ( )31 1g x x= − + −  

 ( ) 0g x <  for ( )2,x∈ − ∞  
 
33. ( ) ( ) ( )6,41,3: ∪−↑xf  

 ( ) ( ) ( )
None:Constant

4,1,3,: −∞−↓xf  

 
34. ( ) ( ) ( ): 2,0 4,5H x x↑ ∈ − ∪  

 
( ) ( )

( )
: , 2

Constant: ( ) 1: 0,4

H x x

H x x

↓ ∈ −∞ −

= − ∈
 

 
35. ( ) ( )4,1:↑xf  
 ( ) ( ) ( )∞∪−↓ ,41,2:xf  
 Constant: ( )2,−−∞  
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36. ( ) ( ) ( )9,53,0: ∪↑xg  
 ( ) ( ) ( )∞∪↓ ,95,3:xg  
 Constant: None 
 
37. ( ) ( )325.0 += xxp  
 a. ( ) ( )∞∞−∈↑ ,: xxp  
  ( ) :↓xp  None 
 b. down, up 
 
38. ( ) 3 1+−= xxq  
 a. ( ) :↑xq  None 
 ( ) ( )∞∞−∈↓ ,: xxq  
 b. up, down 
 
39. ( )xpy =  
 a. ( ) ( ) ( )∞∪−∈↑ ,30,3: xxp  
 ( ) ( ) ( )3,03,: ∪−∞−∈↓ xxp  
 b. up, up 
 
40. ( )xqy =  
 a. ( ) ( ) ( ) ( )∞∪∪−∞−∈↑ ,86,12,: xxq  
 ( ) ( ) ( )8,61,2: ∪−∈↓ xxq  
 b. down, up 
 
41. ( ) 525 +−−= xxH  

 a. ( ),x∈ −∞ ∞  

  ( ],5y∈ −∞  
 b. (1, 0), (3, 0) 
 c. ( ) [ ]3,1:0 ∈≥ xxH  
 ( ) ( ] [ )∞∪−∞∈≤ ,31,:0 xxH  
 d. ( ) ( )2,: ∞−∈↑ xxH  
 ( ) ( )∞∈↓ ,2: xxH  
 e.local maximum: y = 2 at (2, 5) 
 
42. ( )xfy =  
 a. ( ),x∈ −∞ ∞  

  ( ),y∈ −∞ ∞  
 b.(–3.5, 0), (3.5, 0),(0,0) 
 c. ( ) [ ] [ )∞∪−∈≥ ,5.30,5.3:0 xxf  
 ( ) ( ] [ ]5.3,05.3,:0 ∪−−∞∈≤ xxf  
 d. ( ) ( ) ( )∞∪−∞−∈↑ ,22,: xxf  
 ( ) ( )2,2: −∈↓ xxf  
 e.local maximum: 3y =  at (–2, 3) 
 local minimum: 3y = −  at (2, –3) 

 
43. ( )xgy =  
 a. ( ),x∈ −∞ ∞  

  ( ),y∈ −∞ ∞  
 b. (–1,0), (5, 0) 
 c. ( ) [ )∞−∈≥ ,1:0 xxg  
 ( ) ( ] { }51,:0 ∪−−∞∈≤ xxg  
 d. ( ) ( ) ( )∞∪∞−∈↑ ,51,: xxg  
  ( ) ( )5,1: ∈↓ xxg  
 e.local maximum: 6y =  at (1,6) 
 local minimum: 0y =  at (5, 0) 
 
44. 1Yy =  
 a. [ )4,x∈ − ∞  

  ( ],3y∈ −∞  
 b. (–4, 0), (2, 0) 
 c. [ ]2,4:01 −∈≥ xY  
 [ )∞∈≤ ,2:01 xY  
 d. ( )2,4:1 −−∈↑ xY  
 ( )∞−∈↓ ,2:1 xY  
 e.local maximum: 3y =  at (–2, 3);  
 
45. 2Yy =  
 a. ( ),x∈ −∞ ∞  

  ( ],3y∈ −∞  
 b. (0, 0), (2, 0) 
 c. [ ]2,0:02 ∈≥ xY  
 ( ] [ )∞∪−∞∈≤ ,20,:02 xY  
 d. ( )1,:2 ∞−∈↑ xY  
  ( )∞∈↓ ,1:2 xY  
 e.local maximum: 3y =  at (1, 3) 
 
46. ( )xgy =  
 a. ( ],5x∈ −∞  

  ( ],5y∈ −∞  
 b. 5, 3,1x = − −  
 c. [ ] [ ]( ) 0 : 5, 3 1,5g x x≥ ∈ − − ∪ ; 

( ] [ ]( ) 0 : , 5 3,1g x x≤ ∈ −∞ − ∪ −  

 d. ( ) ( ) ( ) ( ): , 4 1, 2 4,5g x x↑ ∈ −∞ − ∪ − ∪  

  ( ) ( ) ( ): 4, 1 2, 4g x x↓ ∈ − − ∪  
 e.Local max: 3y =  at (–4, 3), 4y =  at (2, 

4), 
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 Local min: 4y = −  at (–1, –4), 1y =  at (4, 
1),  

 

47. ( ) ( )33 1p x x= + +  
 a. x∈ , y∈  
 b. 4x = −  
 c. [ )( ) 0 : 4,p x x≥ ∈ − ∞ ; 

( ]( ) 0 : , 4p x x≤ ∈ −∞ −  

 d. ( ) ( ) ( ): , 3 3,p x x↑ ∈ −∞ − ∪ − ∞  

  ( ) : never decreasingp x ↓  
 e.Local max: none 
  Local min: none 
 
48. ( ) 5 3q x x= − +  

 a. ( ),x∈ −∞ ∞  

  [ )3,y∈ ∞  
 b. none 
 c. ( )( ) 0 : ,q x x≥ ∈ −∞ ∞ ; ( ) 0 : ( )q x q x≤ is 

always positive. 
 d. ( ) ( ): 5,q x x↑ ∈ ∞  

  ( ) ( ): ,5g x x↓ ∈ −∞  
 e.Local max: none 
 Local min: 3y =  at (5, 3) 
 

49. 21 4 36
3

y x= −  

 a. ( ] [ ), 3 3,x∈ −∞ − ∪ ∞  

  [ )0,y∈ ∞  
 b. (–3, 0), (3, 0) 
 c. ( ) ( )∞∈↑ ,3: xxf  
 ( ) ( )3,: −∞−∈↓ xxf  
 d. Even 
 
50. ( )xy sin=   
 a. [ ]1,1y∈ −  
 b.( − 180, 0), (0, 0), (180, 0), (360, 0) 
 c. ( ) ( )360,27090,90: ∪−∈↑ xy  
 ( ) ( )270,9090,180: ∪−−∈↓ xy  
 d.Minimum: (–90, –1); (270, –1) 
 Maximum: (90, 1) 
 e. Odd 
 

 ( )xy cos=  
 a. [ ]1,1y∈ −  
 b.(–90, 0), (90, 0), (270, 0) 
 c. ( ) ( )360,1800,180: ∪−∈↑ xy  
  ( )180,0: ∈↓ xy  
 d.Minimum: (–180, –1); (180, –1) 
 Maximum: (0, 1); (360, 1) 
 e. Even 
 
51. a. [ ]0, 260x∈  

  [ ]0,80y∈  
 b. 80 feet 
 c. 120 feet 
 d. Yes 
 e. (0, 120) 
 f. (120, 260) 
 
52. a.Increasing: ∈t  (0, 1)∪ (3, 4)∪ (7, 10) 
 b.Decreasing: ∈t (4, 7) 
 c.Constant: ∈t  (1, 3) 
 d.Maximum: (4, 12), (10, 16) 
 e.Minimum: (7, –4) 
 f.Positive: ∈t  (0,6), (8, 10) 
 g.Negative: ∈t  (6, 8) 
 h.Zero: (6, 0), (8, 0) 
 

53. ( ) 13
2

−= xxf  
 a. ( ),x∈ −∞ ∞  

  [ )1,y∈ − ∞  
 b. (–1, 0), (1, 0) 
 c. ( ) ( ] [ )∞∪−−∞∈≥ ,11,:0 xxf  
 ( ) ( )1,1:0 −∈< xxf  
 d. ( ) ( )∞∈↑ ,0: xxf  
 ( ) ( )0,: ∞−∈↓ xxf  
 e.Minimum: (0, − 1) 
 
54. ( ) 2 4 5h x x= − −  

 a. ( ),x∈ −∞ ∞  

  [ )5,y∈ − ∞  
 b. ( − 3, 0), (3, 0) 
 c. ( ) ( ] [ )∞∪−−∞∈≥ ,33,:0 xxh  
 ( ) [ ]3,3:0 −∈≤ xxh  
 d. ( ) ( ) ( )∞∪−∈↑ ,20,2: xxh  
 ( ) ( ) ( )2,02,: ∪−∞−∈↓ xxh  
 e.Maximum: (0, − 1) 
 Minimum: ( − 2, − 5), (2, − 5) 
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55. a. [ ]96,72: ∈tD  
  [ ]16,25.7: ∈IR  
 b. ( ) ∈↑ ttI for   (72,74)∪ (77,81) ∪  (83, 

84) ∪  (93, 94) 
 ( ) ∈↓ ttI for   (74, 75) ∪  (81, 83) ∪  (84, 86) 

∪  (90, 93) ∪  (94, 95) 
 ( )tI  constant for ∈t (75, 77) ∪  (86, 90) 
   ∪ (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 
 
56. a. [ ]75,102t∈  

 [ ]300,230D∈ −  

 b. ( )  for D t ↑  

 ( ) ( ) ( ) ( )76,77 83,84 86,87 92,100t∈ ∪ ∪ ∪

( )  for D t ↓  
( ) ( ) ( ) ( ) ( )75,76 77,83 84,86 89,92 100,102t∈ ∪ ∪ ∪ ∪

( )tD  is constant for ( )89,87∈t  
 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 
 
57.  

  
 Zeroes: (–8, 0), (–4, 0), (0, 0), (4, 0) 
 Maximum: ( − 6, 2), (2, 2) 
 Minimum: ( − 2, − 1), (4, 0) 
 

58.  

  
 Zeroes: ( − 9, 0), ( − 3, 0), (6, 0) 
 Min: ( − 6, − 6), (6, 0) 
 Max: (3, 6) 
 
59. 3)( xxf =  

 a. 7
1

)8(1
)2(1

)2()1(
=

−−−
=

−−−
−−−

=
Δ
Δ ff

x
f  

 b. 7
1

18
12

)1()2(
=

−
=

−
−

=
Δ
Δ ff

x
f

 

 c.They are the same. 
 d.  Slopes of the lines are the 

same. 

  
 
60. 3)( xxf =  
 a.  Between x = 0 and x = 1 

 b. 1
1

01
01

)0()1(
=

−
=

−
−

=
Δ
Δ ff

x
f

 

 09.0
1

91.12
78

)7()8(
=

−
=

−
−

=
Δ
Δ ff

x
f

 

 c.11 times greater 
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61. ttth 19216)( 2 +−=  

 a. ( ) ( )2(1) 16 1 192 1 176 fth = − + =  

 b. ( ) ( )2(2) 16 2 192 2 320 fth = − + =  

 c.
1

176320
12

)1()2( −
=

−
−

=
Δ
Δ hh

t
h  

  = 144 ft/sec 

 d.
1

320176
1011

)10()11( −
=

−
−

=
Δ
Δ hh

t
h  

  = –144 ft/sec 
 The arrow is going down. 
 
62. ttth 9616)( 2 +−=  

 a. ( ) ( )2(1) 16 1 96 1 80 fth = − + =  

 ( ) ( )2(2) 16 2 96 2 128 fth = − + =  

 b. ( ) ( )2(3) 16 3 96 3 144 fth = − + =  
 c.Between t = 1 and t = 2; the rocket is 

decelerating. 

 d.
1

80128
12

)1()2( −
=

−
−

=
Δ
Δ hh

t
h  

  = 48 ft/sec; 

 
1

128144
23

)2()3( −
=

−
−

=
Δ
Δ hh

t
h  

  = 16 ft/sec 
 
63. gsv 2= , ( )2 32 8v s s= =  

 a. ( )( ) ft/sec 89.173205322 ===v ; 

 ( )( ) ft/sec 30.2564010322 ===v  

 b. ( )( ) ft/sec 98.3096015322 ===v ; 

 ( )( ) ft/sec 78.35128020322 ===v  
 c.Between s = 5 and s = 10 

 d.
5

89.173.25
510

)5()10( −
=

−
−

=
Δ
Δ vv

s
v  

  = 1.482 ft/sec; 

 
5

98.3078.35
1520

)15()20( −
=

−
−

=
Δ
Δ vv

s
v  

  = 0.96 ft/sec 
 

64. ( ) 60168.0 2 +−= hhhT  

 a. ( ) ( ) ( ) 606001608.00 2 =+−=T  
  60˚F 
 b. 60168.00 2 +−= hh  

 ( )
( )( )

15;5

15580
752080

60016080
2

2

==

−−=
+−=

+−=

hh

hh
hh

hh

 

  5 hours 
 c.15 – 5 = 10 hours 
 d. –20˚F 

  
 
65. ( ) 2 3f x x= −  

( ) ( )

[2( ) 3] (2 3)

f f x h f x
x h

x h x
h

Δ + −
=

Δ
+ − − −

=
 

 

2 2 3 2 3

2 2

x h x
h

h
h

+ − − +
=

= =
 

  
66. ( ) 4 1g x x= +  

( ) ( ) [4( ) 1] (4 1)

4 4 1 4 1

4 4

g x h g x x h x
h h

x h x
h

h
h

+ − + + − +
=

+ + − −
=

= =
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67. 2( ) 3h x x= +  
2 2

2 2 2

2

( ) ( ) [( ) 3] ( 3)

2 3 3

2 (2 ) 2

f h x h h x x h x
x h h

x xh h x
h

xh h h x h x h
h h

Δ + − + + − +
= =

Δ
+ + + − −

=

+ +
= = = +

 
68. 2( ) 2p x x= −  

2 2

2 2 2

2

( ) ( ) [( ) 2] ( 2)

2 2 2

2 (2 ) 2

p p x h p x x h x
x h h

x xh h x
h

xh h h x h x h
h h

Δ + − + − − −
= =

Δ
+ + − − +

=

+ +
= = = +

 
69. 2( ) 2 3g x x x= + −  

2 2

2 2 2

2

( ) ( )

[( ) 2( ) 3] ( 2 3)

2 2 2 3 2 3

2 2 (2 2) 2 2

g g x h g x
x h

x h x h x x
h

x xh h x h x x
h

xh h h h x h x h
h h

Δ + −
=

Δ
+ + + − − + −

=

+ + + + − − − +
=

+ + + +
= = = + +

 
70. 2( ) 5 2r x x x= − +  

2 2

2 2 2

2

( ) ( )

[( ) 5( ) 2] ( 5 2)

2 5 5 2 5 2

2 5 (2 5) 2 5

r r x h r x
x h

x h x h x x
h

x xh h x h x x
h

xh h h h x h x h
h h

Δ + −
=

Δ
+ − + + − − +

=

+ + − − + − + −
=

+ − + −
= = = − +

 

71. 2( )f x
x

=  

( ) ( )

2 2( )2 2
( )

f f x h f x
x h

x x h
x x hx h x

h h

Δ + −
=

Δ
− +

− ++= =

 

 

2 2 2
2 1 2( )

( ) ( )

x x h
hx x h

h x x h h x x h

− −
− −+

= = ⋅ =
+ +

 

72. 3( )g x
x
−

=  

( ) ( )

3 3( )3 3
( )

g g x h g x
x h

x x h
x x hx h x

h h

Δ + −
=

Δ
− + +− −

− ++= =

 

3 3 3
3 1 3( )

( ) ( )

x x h
hx x h

h x x h h x x h

− + +
+

= = ⋅ =
+ +

 

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

 2 2

( ) ( )

[( ) 2( )] ( 2 )

g g x h g x
x h

x h x h x x
h

Δ + −
=

Δ
+ + + − +

=
 

 

2 2 2

2

2 2 2 2

2 2 (2 2) 2 2

x xh h x h x x
h

xh h h h x h x h
h h

+ + + + − −
=

+ + + +
= = = + +

 

 
 b. For [–3.0, –2.9], x = –3.0 and 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. 
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74. a. 2( ) 6h x x x= −  

 
2 2

( ) ( )

[( ) 6( )] ( 6 )

h h x h h x
x h

x h x h x x
h

Δ + −
=

Δ
+ − + − −

=
 

 

2 2 2

2

2 6 6 6

2 6 (2 6) 2 6

x xh h x h x x
h

xh h h h x h x h
h h

+ + − − − +
=

+ − + −
= = = − +

 

 b. For [1.9, 2.0], x = 1.9 and h = 0.1 
 Rate of change: 2(1.9) 6 0.1 2.1− + = −  
 
 c. For [5.0, 5.01], x = 5.0 and 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. 3( ) 1g x x= +  

 

3 3

3 2 2 3 3

2 2 3

2 2
2 2

( ) ( )

[( ) 1] ( 1)

3 3 1 1

3 3

(3 3 ) 3 3

g g x h g x
x h

x h x
h

x x h xh h x
h

x h xh h
h

h x xh h x xh h
h

Δ + −
=

Δ
+ + − +

=

+ + + + − −
=

+ +
=

+ +
= = + +

 

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

( )223( 2.1) 3( 2.1)(0.1) 0.1 12.61− + − + =  

 

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

( )223(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 x=  

 

( ) ( )

( ) ( )

1

r r x h r x
x h

x h x
h

x h x x h x
h x h x

x h x h
h x h x h x h x

x h x

Δ + −
=

Δ
+ −

=

+ − + +
= ⋅

+ +
+ −

= =
+ + + +

=
+ +

 

 b. For [1, 1.1], x = 1 and h = 0.1 

 Rate of change: 1 0.49
1 0.1 1

≈
+ +

 

 c. For [4, 4.1], x = 4 and h = 0.1 

 Rate of change: 1 0.25
4 0.1 4

≈
+ +

 

d.  

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

 
 
77. ( ) 1.5d x x=  
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( ) ( )

1.5 1.5

d d x h d x
x h

x h x
h

Δ + −
=

Δ
+ −

=
 

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

1.5 9 0.01 1.5 9 0.25
0.01

+ −
≈  

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

1.5 225 0.01 1.5 225 0.05
0.01

+ −
≈  

c.  

  
As height increases, you can see farther, 
the sight distance is increasing much 
slower. 

 
78. 2( )P x x=  

2 2

2 2 2

2

( ) ( )

[( ) ]

2

2 (2 ) 2

P P x h P x
x h

x h x
h

x xh h x
h

xh h h x h x h
h h

Δ + −
=

Δ
+ −

=

+ + −
=

+ +
= = = +

 

 a.For [1, 1.01], x = 1 and h = 0.01 
 Rate of change: 2(1) 0.01 2.01+ =  
 
 b.For [4, 4.01], x = 4 and h = 0.01 
 Rate of change: 2(4) 0.01 8.01+ =  
 

c.  

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

 
79. No; No; Answers will vary. 
 
80. a.Daughter; her graph line reaches 400 

meters before her mother’s. 
 b.20 meters; mother is at 380 meters when 

daughter reaches 400 meters. 
 c.10 seconds; daughter finishes in 65 

seconds, mother finishes in 75 seconds. 
 d. Mother 
 e.37 seconds; 0–30; 58–65 
 f.28 seconds; 58 seconds – 38 seconds = 28 

seconds 
 
81. Answers will vary. 

  
 
82. ( ) ( )h k h k− =  

 

( )

( ) ( )
( ) ( )
( ) ( )

22 11
33

2 2
3 3

2 2
3 3

2 2
3 3

k k

k k

k k

k k

⎛ ⎞⎡ ⎤− = ⎜ ⎟⎢ ⎥⎣ ⎦ ⎝ ⎠

− =

− =

=

 

 h(x) is an even function. 
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83. 02082 =−− xx  
 a. ( )( ) 0210 =+− xx  

  2;10 −== xx  

 b. ( ) 02082 =−− xx  

 

( )
( )

( )

64
64

364

0364

01620168

2

2

2

±=
±=−

=−

=−−

=−−+−

x
x

x

x

xx

 

  2;10 −== xx  

 c.
( ) ( )( )

( )12
201488 2 −−−±

=x  

 

2
128
2
1448
2

80648

±
=

±
=

+±
=

x

x

x

 

  2;10 −== xx  
 

84. a. 3 3
2 2x x
+

+ −
 

 

( )
( )( )

( )
( )( )

( )( )

3 2 3 2
2 2 2 2

6 3 3 6
2 2

x x
x x x x

x x
x x

− +
+

+ − + −

− + +
+ −

 

  Sum: 2

12
4 x−

 

 b. 3 3
2 2x x
⋅

+ −
 

  Product: 2

9
4 x−

 

 

85. 2 1
3

y x= −  

 

86. 22 2SA rh rπ π= +  
 ( )( ) ( )22 12 36 2 12SA π π= +  
 864 288SA π π= +  
 21152 cm ;SA π=  

 ( ) ( )

2

2

3

12 36

5184 cm

V r h

V

V

π

π

π

=

=

=

 

 
2.6 Technology Highlight 
 
Exercise 1:  Shifted right 3 units; answers will 

vary. 
 
Exercise 2: Shifted right 3 units; answers will 

vary. 
 
2.6 Exercises 
 
1. Stretch; compression 
 
2. Translations; reflections 
 
3. (–5, –9); upward 
 
4. (4, 11); up; down 
 
5. Answers will vary. 
 
6. Answers will vary. 
 
7. 2( ) 4f x x x= +  
 a. quadratic 
 b. up/up, Vertex (–2,–4),  
  Axis of symmetry x = –2,  
  x–intercepts (–4, 0) and (0,0),  
  y–intercept (0,0) 
 c. D: x∈ , R: [ )4,y∈ − ∞  
 
8. 2( ) 2g x x x= − +  
 a. quadratic 
 b. down/down, Vertex (1,1),  
  Axis of symmetry x = 1,  
  x–intercepts (2, 0) and (0,0),  
  y–intercept (0,0) 
 c. D: x∈ , R: ( ],1y∈ −∞  
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9. 2( ) 2 3p x x x= − −  
 a. quadratic 
 b. up/up, Vertex (1,–4),  
  Axis of symmetry x = 1,  
  x–intercepts (–1, 0) and (3,0),  
  y–intercept (0,–3) 
 c. D: x∈ , R: [ )4,y∈ − ∞  
 
10. 2( ) 2 8q x x x= − + +  
 a. quadratic 
 b. down/down, Vertex (1,9),  
  Axis of symmetry x = 1,  
  x–intercepts (–2, 0) and (4,0),  
  y–intercept (0,8) 
 c. D: x∈ , R: ( ],9y∈ −∞  
 
11. 2( ) 4 5f x x x= − −  
 a. quadratic 
 b. up/up, Vertex (2,–9),  
  Axis of symmetry x = 2,  
  x–intercepts (–1, 0) and (5,0),  
  y–intercept (0,–5) 
 c. D: x∈ , R: [ )9,y∈ − ∞  
 
12. 2( ) 6 5g x x x= + +  
 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: x∈ , R: [ )4,y∈ − ∞  
 
13. ( ) 2 4 2p x x= + −  
 a. square root 
 b. up to the right, Initial point (–3,–4),  
  x–intercept (–3, 0),  
  y–intercept (0,2) 
 c. D: [ )4,x∈ − ∞ , R: [ )2,y∈ − ∞  
 
14. ( ) 2 4 2q x x= − + +  
 a. square root 
 b. down to the right, Initial point (–4,2),  
  x–intercept (–3, 0),  
  y–intercept (0,–2) 
 c. D: [ )4,x∈ − ∞ , R: ( ], 2y∈ −∞  
 

15. ( ) 3 4 3r x x= − − +  
 a. square root 
 b. down to the left, Initial point (4,3),  
  x–intercept (3, 0),  
  y–intercept (0,–3) 
 c. D: ( ], 4x∈ −∞ , R: ( ],3y∈ −∞  
 
16. ( ) 2 1 4p x x= + −  
 a. square root 
 b. up to the right, Initial point (–1,–4),  
  x–intercept (3, 0),  
  y–intercept (0,–2) 
 c. D: [ )1,x∈ − ∞ , R: [ )4,y∈ − ∞  
 
17. ( ) 2 4g x x= −  
 a. square root 
 b. up to the left, Initial point (4,0),  
  x–intercept (4, 0),  
  y–intercept (0,4) 
 c. D: ( ], 4x∈ −∞ , R: [ )0,y∈ ∞  
 
18. ( ) 2 1 4h x x= − + +  
 a. square root 
 b. down to the right, Initial point (–1,4),  
  x–intercept (3, 0),  
  y–intercept (0,2) 
 c. D: [ )1,x∈ − ∞ , R: ( ], 4y∈ −∞  
 
19. ( ) 2 1 4p x x= + −  
 a. absolute value 
 b. up/up, Vertex (–1,–4),  
  Axis of symmetry x = –1,  
  x–intercepts (–3, 0) and (1,0),  
  y–intercept (0,–2) 
 c. D: x∈ , R: [ )4,y∈ − ∞  
 
20. ( ) 3 2 3q x x= − − +  
 a. absolute value 
 b. down/down, Vertex (2,3),  
  Axis of symmetry x = 2,  
  x–intercepts (3, 0) and (1,0),  
  y–intercept (0,–3) 
 c. D: x∈ , R: ( ],3y∈ −∞  
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21. ( ) 2 1 6r x x= − + +  
 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: x∈ , R: ( ],6y∈ −∞  
 
22. ( ) 3 2 6f x x= − −  
 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: x∈ , R: [ )6,y∈ − ∞  
 
23. ( ) 3 6g x x= − +  
 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: x∈ , R: ( ],6y∈ −∞  
 
24. ( ) 2 1h x x= +  
 a. absolute value 
 b. up/up, Vertex (–1,0),  
  Axis of symmetry x = –1,  
  x–intercept (–1, 0),  
  y–intercept (0,2) 
 c. D: x∈ , R: [ )0,y∈ ∞  
 
25. ( )3( ) 1f x x= − −  
 a. cubic 
 b. up/down, Inflection point (1,0),   
  x–intercept (1, 0),  
  y–intercept (0,1) 
 c. D: x∈ , R: y∈  
 
26. ( )3( ) 1g x x= +  
 a. cubic 
 b. down/up, Inflection point (0,–1),   
  x–intercept (–1, 0),  
  y–intercept (0,1) 
 c. D: x∈ , R: y∈  
 

27. 3( ) 1h x x= +  
 a. cubic 
 b. down/up, Inflection point (0,1),   
  x–intercept (–1, 0),  
  y–intercept (0,1) 
 c. D: x∈ , R: y∈  
 
28. 3( ) 1p x x= − +  
 a. cube root 
 b. up/down, Inflection point (0,1),   
  x–intercept (1, 0),  
  y–intercept (0,1) 
 c. D: x∈ , R: y∈  
 
29. 3( ) 1 1q x x= − −  
 a. cube root 
 b. down/up, Inflection point (1,–1),   
  x–intercept (2, 0),  
  y–intercept (0,–2) 
 c. D: x∈ , R: y∈  
 
30. 3( ) 1 1r x x= − + −  
 a. cube root 
 b. up/down, Inflection point (–1,–1),   
  x–intercept (–2, 0),  
  y–intercept (0,–2) 
 c. D: x∈ , R: y∈  
 
31. Function family: Square root 
 x–intercept: (–3, 0) 
 y–intercept: (0, 2) 
 Initial point: (–4, –2) 
 End behavior: Up on right 
 
32. Function family: Quadratic 
 x–intercepts: (–3, 0), (1, 0) 
 y–intercept: (0, 3) 
 Vertex: (–1, 4) 
 End behavior: Down/down 
 
33. Function family: Cubic 
 x–intercept: (–2, 0) 
 y–intercept: (0, –2) 
 Inflection point: (–1, –1) 
 End behavior: Up/down 
 
34. 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. ( ) xxf = ; ( ) 2+= xxg ; ( ) 3−= xxh  
  

x f(x) g(x) h(x) 
0 0 2 –3 
4 2 4 –1 
9 3 5 0 
16 4 6 1 
25 5 7 2 

  

  
 From the parent graph ( ) xxf = , g(x) 

shifts 
 up 2 units and h(x) shifts down 3 units. 
 
36. ( ) 3 xxf = ; ( ) 33 −= xxg ; ( ) 13 += xxh  
  

x f(x) g(x) h(x) 
0 0 –3 1 
1 1 –2 2 
8 2 –1 3 
27 3 0 4 
64 4 1 5 

  

  
 From the parent graph ( ) 3 xxf = , g(x) 

shifts 
 down 3 units and h(x) shifts up 1 unit. 
 

37. ( ) xxp = ; ( ) 5−= xxq ; ( ) 2+= xxr  
  

x p(x) q(x) r(x) 
–2 2 –3 4 
–1 1 –4 3 
0 0 –5 2 
1 1 –4 3 
2 2 –3 4 

  

  
 From the parent graph ( ) xxp = , q(x) shifts 
 down 5 units and r(x) shifts up 2 units. 
 
38. ( ) 2xxp = ; ( ) 42 −= xxq ; ( ) 2 1r x x= +  
  

x p(x) q(x) h(x) 
–2 4 0 5 
–1 1 –3 2 
0 0 –4 1 
1 1 –3 2 
2 4 0 5 

 

  
 From the parent graph ( ) 2xxp = , q(x) shifts 
 down 4 units and r(x) shifts up 1 unit. 
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39. ( ) 23 −= xxf  
 Shifts down 2 units. 

  
 
40. ( ) 4g x x= −  
 Shifts down 4 units. 
 

  
 
41. ( ) 32 += xxh  
 Shifts up 3 units. 

  
 
42. 31 −= xY  
 Shifts down 3 units. 

  

43. ( ) 2xxp = ; ( ) ( )23+= xxq  
  

x ( ) 2xxp =  ( ) ( )23+= xxq  
–5 25 4 
–3 9 0 
–1 1 4 
1 1 16 
3 9 36 

  

  
 From the parent graph ( ) 2xxp = , q(x) shifts 

left 3 units. 
 
44. ( ) xxf = ; ( ) 4+= xxg  
  

x ( ) xxf =  ( ) 4g x x= +  
0 0 2 
1 1 5  
4 2 22  
9 3 13  
16 4 52  

  

  
 From the parent graph ( ) xxf = , g(x) 

shifts 
 left 4 units. 
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45. xY =1 ; 12 −= xY  
  

x xY =1  12 −= xY  
–2 2 3 
–1 1 2 
0 0 1 
1 1 0 
2 2 1 

  

  
 From the parent graph xY =1 , 2Y  shifts 

right 1 unit. 
 
46. ( ) 3xxh = ; ( ) ( )32−= xxH  
  

x ( ) 3xxh =  ( ) ( )32−= xxH  
–2 –8 –64 
–1 –1 –27 
0 0 –8 
1 1 –1 
2 8 0 

  

  
 From the parent graph ( ) 3xxh = , H(x) shifts 
 right 2 units. 
 

47. ( ) ( )23−= xxp  
 Shifts right 3 units. 

  
 
48. 11 −= xY  
 Shifts right 1 unit. 

  
 
49. ( ) 3+= xxh  
 Shifts left 3 units. 

  
 
50. ( ) 3 2+= xxf  
 Shifts left 2 units. 
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51. ( ) xxg −=  
 Reflects across the x–axis. 

  
 
52. 2Y x= −  
 Reflects across the x–axis. 

  
 
53. ( ) 3 xxf −=  
 Reflects across the y–axis. 

  
 
54. ( ) ( )3xxg −=  
 Reflects across the y–axis. 

  
 

55. ( ) 2xxp = ; ( ) 22xxq = ; ( ) 2
2
1 xxr =  

  
x p(x) q(x) r(x) 
–2 4 8 2 
–1 1 2 ½ 
0 0 0 0 
1 1 2 ½ 
2 4 8 2 

  

  
 From the parent graph ( ) 2xxp = , q(x) 

stretches upward and r(x) compresses 
downward. 

 
56. ( ) xxf −= ; ( ) xxg −= 4 ; 

( ) xxh −=
4
1  

  
x f(x) g(x) h(x) 
–25 5 20 5/4 
–16 4 16 1 
–9 3 12 ¾ 
–4 2 8 ½ 
–1 1 4 ¼ 

  

  
 From the parent graph ( ) xxf −= , g(x) 
 stretches upward and h(x) compresses 

downward. 
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57. xY =1 ; xY 32 = ; xY
3
1

3 =  

  
x 1Y  2Y  3Y  
–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 xY =1 , 2Y  stretches 
 upward and 3Y  compresses downward. 
 

58. ( ) 3xxu = ; ( ) 32xxv = ; ( ) 3
5
1 xxw =  

  
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 ( ) 3xxu = , v(x) 

stretches upward and w(x) compresses 
downward. 

 

59. ( ) 34 xxf =  
 Stretches upward and downward. 

  
 
60. ( ) xxg 2−=  
 Stretches upward; reflects over x-axis. 

  
 

61. ( ) 3
3
1 xxp =  

 Compresses downward. 
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62. ( ) xxq
4
3

=  

 Compresses downward. 

  
 

63. ( ) 3
2
1 xxf = ; g 

 

64. ( ) 2
3
2

+−= xxf ; h 

 
65. ( ) ( ) 23 2 +−−= xxf ; i 
 
66. ( ) 113 −−−= xxf ; d 
 
67. ( ) 14 ++= xxf ; e 
 
68. ( ) 6+−= xxf ; f 
 
69. ( ) 16 −+−= xxf ; j 
 
70. ( ) 1+= xxf ; k 
 
71. ( ) ( ) 34 2 −−= xxf ; l 
 
72. ( ) 52 −−= xxf ; b 
 
73. ( ) 13 −+= xxf ; c 
 
74. ( ) ( ) 53 2 ++−= xxf ; a 
 

75. ( ) 12 −+= xxf  
 Left 2, down 1 
 Initial point: (–2, –1) 

  
 
76. ( ) 23 +−= xxg  
 Right 3, up 2 
 Initial point: (3, 2) 

  
 
77. ( ) ( ) 23 2 −+−= xxh  
 Left 3, reflected across x–axis, down 2 
 Vertex: (–3, –2) 
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78. ( ) ( ) 52 2 +−−= xxH  
 Right 2, reflected across x–axis, up 5 
 Vertex: (2, 5) 

  
 
79. ( ) ( ) 13 3 −+= xxp  
 Left 3, down 1 
 Inflection point: (–3, –1) 

  
 
80. ( ) ( ) 12 3 +−= xxq  
 Right 2, up 1 
 Inflection point: (2, 1) 

  
 

81. 213
1 −+= xY  

 Left 1, down 2 
 Inflection point: (–1, –2) 

  
 
82. 133

2 +−= xY  
 Right 3, up 1 
 Inflection point: (3, 1) 

  
 
83. ( ) 23 −+−= xxf  
 Left 3, reflected across x–axis, down 2 
 Vertex: (–3, –2) 
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84. ( ) 24 −−−= xxg  
 Right 4, reflected across x–axis, down 2 
 Vertex: (4, –2) 

  
 
85. ( ) ( ) 312 2 −+−= xxh  

Left 1, stretched vertically, reflected across 
x–axis, down 3 
Vertex: (–1, –3) 

 
 

86. ( ) 32
2
1

−+= xxH  

 Left 2 , compressed vertically, down 3 
 Vertex: (–2, –3) 

  
 

87. ( ) ( ) 12
3
1 3 −+−= xxp  

Left 2, compressed vertically, reflected 
across x–axis, down 1 

 Inflection point: (–2, –1) 

  
 
88. ( ) 2153 ++= xxq  
 Left 1, stretched vertically, up 2 
 Inflection point: (–1, 2) 

  
 
89. 1 2 1 3Y x= − − − +  

Reflected across y–axis, left 1, reflected 
across x–axis, stretched vertically, up 3 

 Initial point: (–1, 3) 
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90. 1232 −+−= xY  
Reflected across y–axis, right 2, stretched 
vertically, down 1 

 Initial point: (2, –1) 

  
 

91. ( ) ( ) 13
5
1 2 +−= xxh  

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

  
 
92. ( ) 432 +−−= xxH  

Right 3, reflected across x–axis, stretched 
vertically, up 4 
Vertex: (3, 4) 

 
 

93. a. ( )2−xf  

   
 b. 3)( −− xf  

   

 c. ( )1
2
1

+xf  

   
 d. ( ) 1+−xf  
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94. a. ( ) 2−xg  

   
 b. ( ) 3+− xg  

   
 c. ( )12 +xg  

   

 d. ( ) 21
2
1

+−xg  

   
 

95. a. ( ) 3+xh  

   
 b. ( )2−− xh  

   
 c. ( ) 12 −−xh  

   

 d. ( ) 5
4
1

+xh  
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96. a. ( )3−xH  

   
 b. ( ) 1+− xH  

   
 c. ( )32 −xH  

   

 d. ( ) 12
3
1

+−xH  

   
 

97. Vertex: (2, 0) 
 Point: (0, –4) 

 

( )
( )

;1
44

0204 2

2

a
a

a

khxay

=−
=−

+−=−

+−=

 

 ( )22−−= xy  
 
98. Vertex: (0, –4) 
 Point: (–5, 6) 

 

( )
( )

;
5
2

2510
4256

4056 2

2

a

a
a

a

khxay

=

=
−=

−−−=

+−=

 

 4
5
2 2 −= xy  

 
99. Node: (–3, 0) 
 Point: (6, 4.5) 

 

;5.1
35.4

0)3(65.4

a
a

a

khxay

=
=

+−−=

+−=

 

 35.1 += xy  
 
100. Initial point: (–4, 5) 
 Point: (5, –1) 

 

;2
36

5)4(51

a
a

a

khxay

=−
=−

+−−=−

+−=

 

 542 ++−= xy  
 
101. Vertex: (–4, 0) 
 Point: (1, 4) 

 

;
5
4

54
0414

a

a
a

khxay

=

=

++=

+−=

 

 
4

5
4

+= xy
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102. Vertex: (3, 7) 
 Point: (0, –2) 

 

;3
39

7302

a
a

a

khxay

=−
=−

+−=−

+−=

 

 733 +−−= xy  
 

103. 3
3
4 rV π=  

 2.4
3
4

≈π  

  
 Volume estimate: 70 3in  

 3 
3
4 rV π=  

 ( )35.2
3
4π=V  

 ( ) 3in 4.65625.15
3
4

≈= πV  

 Yes 
 
104. ( ) 204 +−= hhV  
  

h ( ) 204 +−= hhV  
1 ( ) 1620420141 =+−=+−=V  
4 ( ) 1220820444 =+−=+−=V  
9 ( ) 8201220949 =+−=+−=V  

16 ( ) 420162016416 =+−=+−=V  
25 ( ) 020202025425 =+−=+−=V  

  
 Velocity estimate:  9 ft/sec 
 ( ) sec/ft 4.920747 ≈+−=V  
 Answers are close. 
 2045 +−= h  

 h415 −=−  

 h=75.3  
 h=0625.14  
 At 5 ft/sec, the water level is about 14 feet. 
 

105. ( ) xxT
4
1

=  

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

( ) ( ) sec25.29
4
181

4
181 ===T  

 This point is on the graph. 

  
 
106. ( ) xxv 9.4=  

The graph can be obtained from xy =  if 
it is stretched vertically. 
( ) mph 5.732259.4225 ==v  

 This point is on the graph. 
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107. ( ) 3
125

8 vvP =  

a. The graph can be obtained from 3vy =  
 if it is compressed vertically. 

 b.  

  

  ( ) ( )  watts21615
125

815 3 ==P  

 c. About 15.6, 161.5, Power increases 
dramatically at higher windspeeds. 

 

108. ( ) 3
2
5 PPv ⎟
⎠
⎞

⎜
⎝
⎛=  

 Stretched vertically 

 ( ) ( ) 5.177
2
5343

2
5343 3 ==⎟
⎠
⎞

⎜
⎝
⎛=v  mph 

   
 
109. ( ) 22ttd =  
 a. Vertical stretch by a factor of 2 

  
 b. ( ) ( ) ( ) ft5.1225.625.225.2 2 ===d  
 c. 5, 13, distance fallen per unit time 

increases very fast. 
 
 
 
 
 

110. ( ) ttv 4=  
 Vertical stretch by a factor of 4. 

  
 ( ) ( )2.5 4 2.5 10 ft / secv = =  
 
111. ( ) xxf =  and ( ) xxg 2=  

  
 Interval: ∈x (0, 4) 
 x = 1 
 ( ) 111 ==f  and ( ) 2121 ==g  
 ( ) ( )hfhg >  
 Interval: ∈x ( )∞,4  
 x = 9 
 ( ) 999 ==f  and ( ) 6921 ==g  
 ( ) ( )kfkg <  
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112. ( ) 2 3 8f x x= − − +  

 
A=Area of rectangle + Area of triangular 
segment 

 1
2

A lw ab= +  

 12(6 0) (6 0)(8 2)
2

A = − + − −  

 230 unitsA =  
 
113. ( ) 42 −= xxf  

 ( ) 42 −= xxF  

  
  

  
Any points in QIII and IV will reflected across 
the x–axis and thus move to QI and II. 
 

 
 
 
 
 

114. ( − 13, 9) and (7, –12) 

 ( ) ( )212
2

12 yyxxd −+−=  

 ( ) ( )22 912137 −−++=d  

 ( ) ( )22 2120 −+=d  

 441400 +=d  

 29841 ==d miles 

 2 1

2 1

12 9 21
7 13 20

y y
M

x x
− − − −

= = =
− +

 

 
115. 32 32 38 24 6 8 140 in.P = + + + + + =  
 2in11681441024)6(24)32(32 =+=+=A  
 

116. 
12
7

2
1

4
1

3
2

−=+ xx  

 ⎟
⎠
⎞

⎜
⎝
⎛ −=+

12
7

2
1

4
1

3
212 xx  

 7638 −=+ xx  
 102 −=x  
 5−=x  
 
117. ( )2( ) 4 3f x x= − +  
 Quadratic, opens upward, Vertex (4,3) 
 ( )( ) : , 4f x ↓ −∞ ; 

 ( )( ) : 4,f x ↑ ∞  
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2.7 Technology Highlight 
 
Exercise 1: They are approaching 4; not defined. 
 
Exercise 2: 41 =Y , 2Y  has a rounding error. 

Calculator is rounding to 4; No. 
 
2.7 Exercises 
 
1. Continuous 
 
2. Domain 
 
3. Smooth 
 
4. Open 
 
5. 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. 

 
6. Answers will vary. 
 

7. a. ( )
⎪
⎩

⎪
⎨

⎧

≤<−

≤≤+−
=

95            
2
5

2
3

50     1062

xx

xxx
xf  

 b. [ ]11,1∈y  

 

8. a. ( )
⎪⎩

⎪
⎨
⎧

≥+−−

<≤+−−
=

7         57

71     1055.1

xx

xx
xf  

 b. ( ]10,−∞∈y  

 

9. ( )
⎪
⎩

⎪
⎨

⎧

≥

<≤−

−<−

=

3       5
32      

2    2

x
xx

x
xh  

 ( ) 25 −=−h ; 
 ( ) 222 =−=−h ; 

 
2
1

2
1

2
1

=−=⎟
⎠
⎞

⎜
⎝
⎛−h ; 

 ( ) 000 ==h ; 

 ( ) 999.2999.2999.2 ==h ; 
 ( ) 53 =h  

 

10. ( )
⎪
⎪
⎩

⎪⎪
⎨

⎧

>
<≤+

<+

=
2             5

20     1

0   32
2

x
xx

x x

xH  

 ( ) ( ) 3363323 −=+−=+−=−H ; 

 0333
2
32

2
3

=+−=+⎟
⎠
⎞

⎜
⎝
⎛ −=⎟

⎠
⎞

⎜
⎝
⎛ −H ; 

 ( ) ( ) 998.23001.02001.0 =+−=−H ; 

 ( ) ( ) 2111 2 =+=H ; 
 ( ) definednot 2 =H ; 
 ( ) 53 =H  

 

11. ( )
⎪
⎪
⎩

⎪⎪
⎨

⎧

>+
≤≤−−

−<

=
3       12

33     4

3            5
2

xx
xx

x 

xp  

 ( ) 55 =−p ; 

 ( ) ( ) 549433 2 =−=−−=−p ; 

 ( ) ( ) 044422 2 =−=−−=−p ; 

 ( ) ( ) 440400 2 −=−=−=p ; 

 ( ) ( ) 549433 2 =−=−=p ; 
 ( ) ( ) 111101525 =+=+=p  

 

12. ( )

⎪
⎪

⎩

⎪
⎪

⎨

⎧

≥−+−

<≤−
−<−−

=

2       23
2
1

21                              2
1                    3

2 xxx

x
x x

xq  

 ( ) ( ) 033333 =−=−−−=−q ; 
 ( ) 21 =−q ; 
 ( ) 20 =q ; 
 ( ) 2999.1 =q ; 

 ( ) ( ) ( ) 22622232
2
12 2 =−+−=−+−=q ; 

 ( ) ( ) ( ) 221282434
2
14 2 =−+−=−+−=q  
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13. ( )
2     6 2

2 4      2
x x

p x
x x
+ − ≤ ≤⎧⎪= ⎨ − >⎪⎩

 

  
 D: [ )6,x∈ − ∞  

 R: [ )4,y∈ − ∞  
 

14. ( ) 4     4 0
2        0 7

x x
q x

x x

⎧ + − ≤ ≤⎪= ⎨
− < ≤⎪⎩

 

  
 D: [ ]4,7x∈ −  

 R: [ ]0,5y∈  
 

15. ( ) ( )21 +5    2 4
2 12                  4

x xg x
x x

⎧− − − ≤ ≤⎪= ⎨
− >⎪⎩

 

  
 [ ): 2,D x∈ − ∞  

 [ ): 4,R y∈ − ∞  
 

16. ( )
( )2

1 1              0
2

2 3      0  5

x x
h x

x x

⎧ + ≤⎪= ⎨
⎪ − − < ≤⎩

 

  
 ( ]5,: −∞∈xD  
 ( ]6,: −∞∈yR  
 

17. ( )
1 1   4
2
2           4

x x
p x

x

⎧ + ≠⎪= ⎨
⎪ =⎩

 

  
 ( ): ,D x∈ −∞ ∞  

 ( ) ( ): ,3 3,R y∈ −∞ ∪ ∞  
 

18. ( ) ( )31 1 1     3
2
2                    3

x x
q x

x

⎧ − − ≠⎪= ⎨
⎪− =⎩

 

  
 ( ): ,D x∈ −∞ ∞  

 ( ) ( ): ,3 3,R y∈ −∞ ∪ ∞  
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19. ( )
⎩
⎨
⎧

<≤+−−
<+−= 91      65

1              3
xx

xxxH  

  
 ( )9,: −∞∈xD  
 [ )∞∈ ,2: yR  
 

20. ( )
( )⎪⎩

⎪
⎨
⎧

≤≤−−

<+
=

61         23

1                1
2

3

xx

xx
xw  

  
 ( ]6,: −∞∈xD  
 ( ]7,: −∞∈yR  
 

21. ( )
⎪
⎪
⎩

⎪⎪
⎨

⎧

≥
<≤−−

−<−−

=
2                 4

2 3         9

3        3
2

x
xx

xx

xf  

  
 ( )∞−∞∈ ,: xD  
 [ )∞∈ ,0: yR  
 

22. ( )

⎪
⎪
⎪

⎩

⎪⎪
⎪

⎨

⎧

>−

≤≤+−

−<−−

=

5         53

5 3-          5

3        1
2
1

xx

xx

xx

xh  

  
 ( )∞−∞∈ ,: xD  
 [ )∞∈ ,0: yR  
 

23. ( )
2 9     3

3
             3

x xf x x
c x

⎧ −
≠ −⎪= +⎨

⎪ = −⎩

  

  
 ( )∞−∞∈ ,: xD  
 ( ) ( )∞−∪−−∞∈ ,66,: yR  
 Discontinuity at x = − 3 
 Redefine ( ) 6−=xf  at 3−=x ; 6c = −  
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24. ( )
2 3 10      5

5
                        5

x x xf x x
c x

⎧ − −
≠⎪= −⎨

⎪ =⎩

  

  
 ( )∞−∞∈ ,: xD  
 ( ) ( )∞∪−∞∈ ,77,: yR  
 Discontinuity at x = 5 
 Redefine ( ) 7=xf  at 5=x ; 7c =  
 

25. ( )
3 1         1

1
              1

x xf x x
c x

⎧ −
≠⎪= −⎨

⎪ =⎩

  

  
 ( )∞−∞∈ ,: xD  
 [ ): 0.75,R y∈ ∞  
 Discontinuity at x = 1 
 Redefine ( ) 3=xf  at 1=x ; 3c =  
 

26. ( )
34     2

2
               2

x x xf x x
c x

⎧ −
≠ −⎪= +⎨

⎪ = −⎩

 

  
 ( )∞−∞∈ ,: xD  
 ( ]: ,1R y∈ −∞  
 Discontinuity at x = − 2 
 Redefine ( ) 8−=xf  at 2−=x ; 8c = −  
 
27. Left line contains the points ( − 4, − 3) and 

(2,0).  

 ( )
( )

0 3 1
2 4 2

m
− −

= =
− −

;  

 
( )10 2

2
1 1;
2

y x

y x

− = −

= −
 

 Right line contains the points (2,0) and (3,3). 
3 0 3
3 2

m −
= =

−
; 

 
( )0 3 2

3 6;
y x
y x
− = −

= −
 

 ( )
1 1   4 2
2
3 6            2

x x
f x

x x

⎧ − − ≤ <⎪= ⎨
⎪ − ≥⎩

 

 
28. Left line contains the points (–4,2) and 

( − 2,0).  

 
( )

0 2 1
2 4

m −
= = −
− − −

;  

 
( )( )0 1 2

2;

y x

y x

− = − − −

= − −
  

 The second equation is an absolute value 
function with vertex (1,3) and reflected 
across the x–axis. 

 ( )
2                 2
1 +3    2 5

x x
g x

x x
− − ≤ −⎧⎪= ⎨− − − ≤ ≤⎪⎩
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29. The first equation is a quadratic with vertex  
 ( − 1, − 4), opening up. 

 ( )2

2

1 4

2 3;

y x

y x x

= + −

= + −
 

 The line is bounded by (1,2) and contains 
(4,5). 

 5 2 1
4 1

m −
= =

−
 

 
( )2 1 1

1;
y x
y x
− = −

= +
 

 ( )
2 2 3    1

1            1
x x x

p x
x x

⎧ + − ≤
= ⎨

+ >⎩
 

 
30. The first equation is a horizontal line: 

2;y = −  
 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). 1 1;y x= − +  

 ( )
2              1
          1 1

1 1      >1

x
q x x x

x x

⎧− ≤ −
⎪

= − ≤ ≤⎨
⎪ − +⎩

 

 

31. 
⎩
⎨
⎧

≥
<−

=
0        
0     

xx
xx

x  

 ( )
x

f x
x

=  

 Graph is discontinuous at x = 0. 

  
 If ( ) 1,0 −=< xfx . 

 If ( ) 1,0 => xfx . 
 

32.

( )
⎪⎩

⎪
⎨
⎧

∈+<≤−+−−
<≤+−−
<≤+−−

=
Nkkxkkx

xx
xx

xf
for  1212     12

53       14
31       12

 Answers will vary. 
 

33. a. ( )
2 6      0 5

500              5
t t t

S t
t

⎧− + ≤ ≤
= ⎨

>⎩
 

 b. [ ]( ) 0,9S t ∈  
 

34. a. ( )
⎪
⎪
⎩

⎪⎪
⎨

⎧

≥+−

<<+−−

≤≤++−

=

54                 46045.2
5438       3744675.5

384    2081.813.0 2

tx
tt

ttt
tf  

 b. [ ]( ) 0,374f t ∈  
 

35. ( )
20.03 1.28 1.68     0 30

1.89 43.5                       30
t t t

P t
t t

⎧− + + ≤ ≤
= ⎨

− >⎩
 

 a. ( ) ( ) ( ) 33.768.1528.1503.05 2 =++−=P  

 ( ) ( ) ( ) 13.1468.11528.11503.015 2 =++−=P

 ( ) ( ) ( ) 93.1468.12528.12503.025 2 =++−=P
 ( ) ( ) 65.225.433589.135 =−=P
 ( ) ( ) 55.415.434589.145 =−=P
 ( ) ( ) 45.605.435589.155 =−=P  

 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. 

 

36. 

2

2

0.047 0.38 1.9             0 8
0.075 1.495 5.265    8 11

0.133 0.685                         11

t t t
t t t

t t

⎧ − + ≤ <
⎪
− + − ≤ ≤⎨
⎪ + >⎩

 

 a. ( ) ( ) ( ) 183.19.1338.03047.03 2 =+−=A  

  ( ) ( ) ( ) 115.2265.59495.19075.09 2 =−+−=A  
  ( ) ( ) 68.2685.015133.015 =+=A  
  ( ) ( ) 01.4685.025133.025 =+=A  

 b. ( ) ( ) ( ) 1.19.1438.04047.04 2 =+−=A  
  About 1.1 billion barrels 
 



2.7 Exercises 

 180 

37. ( )
0.09              0 1000
0.18 90     1000

h h
C h

h h
≤ ≤⎧

= ⎨ − >⎩
 

  
 

( ) ( ) 126$9021690120018.01200 =−=−=C
 

38. ( )
0.05                0 5000
0.10 250     5000

w w
C w

w w
≤ ≤⎧

= ⎨ − >⎩
 

  
 

 ( )9500 0.10(9500) 250
950 250 $700

C = −

= − =
 

  

39. ( )
⎩
⎨
⎧

>−
≤≤

=
25     75.185.1

250                75.0
tt

tt
tC  

  
 ( ) ( ) 75.48$75.18455.145 =−=C  
 

40. ( )
20.21 6.1 52     5 15

4.53 28.3                  15
x x x

T x
x x

⎧− + + ≤ ≤
= ⎨

+ >⎩
 

  
 
 ( ) ( ) ( ) 9252101.61021.010 2 =++−=f  
 92,000 births; 
 ( ) ( ) 9.1183.282053.420 =+=f  
 ≈ 119,000 births; 
 ( ) ( ) 55.1413.282553.425 =+=f  
 ≈ 142,000 births; 
 ( ) ( ) 2.1643.283053.430 =+=f  
 ≈ 164,000 births 
 

41. ( )
⎪⎩

⎪
⎨
⎧

≤<+−

≤≤++−
=

2212         9506.805.2

120     1529.3135.1
2

2

ttt

ttt
tS  

 ( ) ( ) ( ) 950256.80255.225 2 +−=S  

 
( )2.5 625 2015 950 497.5

$498 billion;
= − + =

≈
 

 ( ) ( ) ( ) 950286.80285.228 2 +−=S  

 
( )2.5 784 2256.8 950 653.2

$653 billion;
= − + =

≈
 

 ( ) ( ) ( ) 950306.80305.230 2 +−=S  

 ( )2.5 900 2418 950 782
$782 billion

= − + =

≈
 

 

  
 



Chapter 2: Relations, Functions and Graphs 

 181 

42. ( )
⎪
⎩

⎪
⎨

⎧

>+−

≤≤
=

200     400.3001.0

2000                                
10

2 xxx

xx
xT  

  

 ( ) ( ) ( )2390 0.001 390 0.3 390 40
75 tickets

T = − +

=
 

 

43. ( ) ( ) ( )⎩
⎨
⎧

>−+
≤≤

=
30     307303.3

300                           3.3
mm

mm
mC  

 ( )
3.3            0 30
7 111          30

m m
C m

m m
≤ ≤⎧

= ⎨ − >⎩
 

  
 
 ( ) ( )46 7 46 111 $2.11C = − =  
 

44. ( )hW  
 

( ) ( )
( ) ( ) ( )

9.50                                                   0 40

9.50 40 14.25 40                        41 48

9.50 40 14.25 8 19.00 48    48 84

h h

h h

h h

≤ ≤

= + − ≤ ≤

+ + − < <

⎧
⎪
⎨
⎪
⎩

9.50                                 0 40

14.25 190                    40 48

19 418                        48 84

h h

h h

h h

≤ ≤

= − < ≤

− < <

⎧
⎪
⎨
⎪
⎩

 

  
 
 ( ) ( )54 19 54 418 $608W = − =  
 

45. ( )

0       2
2       2 13
5 13 20
7 20 65
5       65

a
a

C a        a
       a

a

<⎧
⎪ ≤ <⎪⎪= ≤ <⎨
⎪ ≤ <⎪

≥⎪⎩

 

  
 
 One grandparent: 
 ( )70 5C = ; 
 Two adults: 
 ( )44 7; (45) 7C C= = ; 
 Three teenagers: 
 3 5 15⋅ = ; 
 Two children: 
 2 2 4⋅ = ; 
 One infant:  0 
 Total Cost: 5 7 7 15 4 0 $38+ + + + + =  
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46. a. ( )A t t= ⎢ ⎥⎣ ⎦  
 b. 0 123t≤ <  
 c. 36 years  
 d. 36 years  
 e. 37 years  
 f. 37 years  
 
47. a. ( ) 17 1 80C w w= − +⎡ ⎤⎢ ⎥  
 For an envelope weighing between 0 

and 1 oz, the cost is $0.80. Each step 
interval increases by 0.17. 

 b. 0 13w< ≤  
 c. 80 cents 
 d. 165 cents 
 e. 165 cents 
 f. 165 cents 
 g. 182 cents 
 

48. a. 
0        0 1

( )
     1

m
C m

m m
< ≤⎧⎪= ⎨ >⎡ ⎤⎪⎢ ⎥⎩

 

 b.  

   
 
 c. 2 min 3 sec →  3; 
  13 min 46 sec →  14; 
  1 min 5 sec →  2; 
  3 min 59 sec →  4; 
  8 min 2 sec →9; 
  3+14+2+4+9=32 min 
  Yes, free 30 min has been exceeded. 
 d. 2 +13+1+3+8 = 27 min; 
  3+46+5+59+2=115 sec; 
  27 min 115 sec = 28 min 55 sec 
 

49. ( ) 32 +−−= xxxh  
  

x ( ) 32 +−−= xxxh  
–5 ( ) 52735255 =−=+−−−−=−h  
–4 ( ) 51634244 =−=+−−−−=−h  
–3 ( ) 50533233 =−=+−−−−=−h  
–2 ( ) 31432222 =−=+−−−−=−h  
–1 ( ) 12331211 =−=+−−−−=−h  
0 ( ) 13230200 −=−=+−−=h  
1 ( ) 34131211 −=−=+−−=h  
2 ( ) 55032222 −=−=+−−=h  
3 ( ) 56133233 −=−=+−−=h  
4 ( ) 57234244 −=−=+−−=h  
5 ( ) 58335255 −=−=+−−=h  

 

  
 The function is continuous. 

 ( )
       5                       3
2 1             3 2

     5                      2

x
h x x x

x

≤ −⎧
⎪= − − − < <⎨
⎪ − ≥⎩
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50. ( ) 32 ++−= xxxH  
  

x ( ) 32 ++−= xxxH  
− 5 ( ) 92735255 =+=+−+−−=−H  
–4 ( ) 71634244 =+=+−+−−=−H  
–3 ( ) 50533233 =+=+−+−−=−H  
–2 ( ) 51432222 =+=+−+−−=−H  
–1 ( ) 52331211 =+=+−+−−=−H  
0 ( ) 53230200 =+=++−=H  
1 ( ) 54131211 =+=++−=H  
2 ( ) 55032222 =+=++−=H  
3 ( ) 76133233 =+=++−=H  
4 ( ) 97234244 =+=++−=H  
5 ( ) 118335255 =+=++−=H  

 

  
 The function is continuous. 

 ( )
2 1                3

          5       3 2
   2 1             2   

x x
h x x

x x

− − < −⎧
⎪= − ≤ ≤⎨
⎪ + >⎩

 

 

51. 
2
2

1 +
+

=
x
xY , 

2
2

2 +

+
=

x
x

Y  

 1Y  has a removable discontinuity at x = –2. 
 2Y  is discontinuous at x = –2. 
 

52. ( )
⎪
⎪
⎩

⎪⎪
⎨

⎧

>+
≤≤−

<
=

3     32
31     34

1           2

xx
xx

xx
xf  

 

53. 
4

301
2

3
2 −

=+
− xx

 

 ( )( ) ( )( )22
22

301
2

3
+−⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
+−

=+
−

xx
xxx

 

 

( ) ( )( )

( )( ) 047
0283

30463

3022123

2

2

=−+
=−+

=−++

=+−++

xx
xx

xx

xxx

  

 4;7 =−= xx  
 

54. 
3 2

2

3 4 12 2 6 3 6
3 5 6 1

x x x x x
x x x

+ − − − −
⋅ ÷

− + +
 

 ( ) ( ) ( ) ( )2 3 4 3 2 3 3 2
3 ( 2)( 3) 1

x x x x x
x x x

+ − + − −
= ⋅ ÷

− + +
 

 ( )( ) ( ) ( )23 4 2 3 3 2
3 ( 2)( 3) 1

x x x x
x x x

+ − − −
= ⋅ ÷

− + +
 

 ( )( )( ) ( )
( )

3 2 2 2 3 1
3 ( 2)( 3) 3 2

x x x x
x x x x

+ + − −
= ⋅ ⋅

− + + −
 

 = 2
3

 

 

55. a. 
222 cba =+   

  

cm 54
80
14464
128

2

2

222

=
=
=+
=+

b
b
b
b

 

 b. bhA
2
1

=  

  ( )( )
2cm 516

854
2
1

=

=

A

A  

 c. hbhV ⎟
⎠
⎞

⎜
⎝
⎛=

2
 

  ( )( ) 316 5 20 320 5 cmV = =  
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56. 3 4 8x y+ =  

 
4 3 8

3 2
4

y x

y x

= − +

= − +
 

 3
4

m = − , slope of a line perpendicular to the 

given line is 4
3

. 

 Slope 4
3

 passing through (0,–2): 

 4 2
3

y x= −  

 
2.8 Technology Highlight 
 
Exercise 1:  1Y x=  and 2 7Y x= +  
 Yes, graph shifts 7 units to the left. 
 
Exercise 2: 3

1Y x=  and 
 2 1Y x= −   
 Yes, the basic function ( )f x x= shifts 1 

unit right. 
 
2.8 Exercises 
 
1. ( )( ) BAxgf ∩+ ;  
 
2. ( ) ( ) )g(); f(gf 555 ⋅⋅  
 
3. Intersection; ( )xg  
 
4. Composition; ( )xg ; ( )xf ; ( )[ ]xgf  
 
5. Answers will vary. 
 
6. Answers will vary. 
 
7. a. Domain: 
  2( ) 2 3;f x x x x= − − ∈� ; 
  2( ) 5 ;g x x x x= + ∈ � ; 
  ( ) ( ) ( );h x f x g x x= − ∈ �  

 b. ( ) ( ) ( )( )2 2

( 2) ( 2) ( 2)

2 2 ( 2) 3 2 5 2

7 ( 6) 13

h f g− = − − −

= − − − − − − + −

= − − =

 

 

8. a. Domain: 
  2( ) 2 18;f x x x= − ∈� ; 
  ( ) 3 7;g x x x= − − ∈ � ; 
  ( ) ( ) ( );h x f x g x x= + ∈ �  
 b. (5) (5) (5)h f g= +  

  ( ) ( )22 5 18 3(5) 7
32 ( 22) 10

= − + − −

= + − =
 

 
9. ( ) ( ) ( )h x f x g x= −  

 a. ( )2 2( ) 2 3 5h x x x x x= − − − +  

  
2 2

2

2 3 5
6 3

x x x x
x x

= − − − −

= − −
 

 b. ( ) ( )2( 2) 2 6 2 3 13h − = − − − − =  
 c. Same result 
 
10. ( ) ( ) ( )h x f x g x= +  
 a. ( )2( ) 2 18 3 7h x x x= − + − −  

  
2

2

2 18 3 7
2 3 25

x x
x x

= − − −

= − −
 

 b. ( ) ( )2(5) 2 5 3 5 25 10h = − − =  
 c. Same result 
 
11. a. Domain of ( ) 3f x x= −  

 [ )
3 0
3;  3,

x
x
− ≥

≥ ∞
 

 Domain of ( ) :g x x∈ � ; 
 Domain of [ )( ) : 3,h x x∈ ∞  
 b. ( ) ( )( )h x f g x= +  

  
3

( ) ( )

3 2 54

f x g x

x x

= +

= − + −
 

 c. ( )3(4) 4 3 2 4 54 75h = − + − = ; 

  

( )3(2) 2 3 2 2 54

1 16 54

1 is not a real number; 
2 is not in the domain of ( ).

h

h x

= − + −

= − + −

−
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12. a. Domain of ( ) :f x x∈ � ; 

  Domain of ( ) 2 5g x x= −  

 
2 5 0

5 5;  ,
2 2

x

x x

− ≥

⎡ ⎞≥ ∈ ∞⎟⎢⎣ ⎠

 

 Domain of 5( ) : ,
2

h x x ⎡ ⎞∈ ∞⎟⎢⎣ ⎠
 

 b. ( ) ( )( )h x f g x= −  

  
2

( ) ( )

4 2 3 2 5

f x g x

x x x

= −

= − + − −
 

 c. ( ) ( ) ( )2(7) 4 7 2 7 3 2 7 5h = − + − −  

  (7) 196 14 3 9 182;h = − + − =  

  

( )2(2) 4 2 2(2) 3 2(2) 5

16 4 3 1

1 is not a real number; 
2 is not in the domain of ( ).

h

h x

= − + − −

= − + − −

−
 

 
13. a. Domain of ( ) 5p x x= +  

 [ )
5 0

5;  5,
x
x x
+ ≥

≥ − ∈ − ∞
 

  Domain of ( ) 3q x x= −  

 

( ]

3 0
3

3;  ,3

x
x

x x

− ≥
− ≥ −

≤ ∈ −∞

 

 Domain of [ ]( ) : 5,3r x x∈ −  
 b. ( ) ( )( )r x p q x= +  

  
( ) ( )

5 3

p x q x

x x

= +

= + + −
 

 c. (2) 2 5 3 2 7 1r = + + − = +  

  

(4) 4 5 3 4 9 1

1 is not a real number; 
4 is not in the domain of ( ).

r

r x

= + + − = + −

−  

 

14. a. Domain of ( ) 6p x x= −  

 

( ]

6 0
6

6;  ,6

x
x

x x

− ≥
− ≥ −

≤ ∈ −∞

 

  Domain of ( ) 2q x x= +  

 [ )
2 0

2;  2,
x
x x
+ ≥

≥ − ∈ − ∞
 

 Domain of [ ]( ) : 2,6r x x∈ −  
 b. ( ) ( )( )r x p q x= −  

  
( ) ( )

6 2

p x q x

x x

= −

= − − +
 

 c. ( )( 3) 6 3 3 2r − = − − − − +  

  

9 1

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

= + −

−
−

 

  (2) 6 2 2 2 0r = − − + =  
 
15. a. Domain of ( ) 4f x x= +  

 [ )
4 0

4;  4,
x
x x
+ ≥

≥ − ∈ − ∞
 

  Domain of ( ) 2 3 :g x x x= + ∈ �  
 Domain of [ )( ) : 4,h x x∈ − ∞  
 b. ( ) ( )( )h x f g x= ⋅  

  
( )

( ) ( )

4 2 3

f x g x

x x

= ⋅

= + +
 

 c. ( )( )( 4) 4 4 2 4 3 0h − = − + − + = ; 

  ( )( )(21) 21 4 2 21 3 225h = + + =  
 
16. a. Domain of ( ) 3 5 :f x x x= − + ∈ �  

 Domain of ( ) 7g x x= −  

 [ )
7 0
7;  7,

x
x x
− ≥

≥ ∈ ∞
 

 Domain of [ )( ) : 7,h x x∈ ∞  
 b. ( ) ( )( )h x f g x= ⋅  

  
( )

( ) ( )

3 5 7

f x g x

x x

= ⋅

= − + −
 

 c. ( )( )(8) 3 8 5 8 7 19(1) 19h = − + − = − = − ; 

  ( )( )(11) 3 11 5 11 7 28(2) 56h = − + − = − = −  
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17. a. Domain of ( ) 1p x x= +  

 [ )
1 0

1;  1,
x
x x
+ ≥

≥ − ∈ − ∞
 

  Domain of ( ) 7q x x= −  

 

( ]

7 0
7

7;  x ,7

x
x

x

− ≥
− ≥ −

≤ ∈ −∞

 

 Domain of [ ]( ) : 1,7r x x∈ −  
 b. ( ) ( )( )r x p q x= ⋅  

  
( ) ( )

1 7

p x q x

x x

= ⋅

= + ⋅ −
 

  2 6 7x x= − + +  
 c. ( ) ( )2(15) 15 6 15 7 128r = − + + = −  

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

  ( ) ( )2(3) 3 6 3 7 16 4r = − + + = =  
 
18. a. Domain of ( ) 4p x x= −  

 
4 0

4
x

x
− ≥

− ≥ −
 

 ( ]4;  - ,4x x≤ ∈ ∞  

  Domain of ( ) 4q x x= +  

 [ )
4 0

4;  4,
x
x x
+ ≥

≥ − ∈ − ∞
 

 Domain of [ ]( ) : 4,4r x x∈ −  
 b. ( ) ( )( )r x p q x= ⋅  

  
( ) ( )

4 4

p x q x

x x

= ⋅

= − ⋅ +
 

  216 x= −  

 c. ( )2( 5) 16 5 9r − = − − = −  

  9  is not a real number; 
5 is not in the domain of ( ).r x
−

−
 

  ( )2( 3) 16 3 7r − = − − =  
 
19. a. Domain of 2( ) 16 :f x x x= − ∈�  
 Domain of ( ) 4 :g x x x= + ∈�  

 Domain of 
2 16( ) , 4

4
xh x x
x
−

= ≠ −
+

 

 ( ) ( ), 4 4,x∈ −∞ − ∪ − ∞  

 b. 
2 16( ) ( )

4
f xh x x
g x

−
= =

+
 

  
( )( )4 4

( ) 4;  4
4

x x
h x x x

x
+ −

= = − ≠ −
+

 

 
20.  a. Domain of 2( ) 49 :f x x x= − ∈ �  
 Domain of ( ) 7 :g x x x= − ∈ �  

 Domain of 
2 49( ) , 7

7
xh x x
x
−

= ≠
−

 

 ( ) ( ),7 7,x∈ −∞ ∪ ∞  

 b. 
2 49( ) ( )

7
f xh x x
g x

−
= =

−
 

  
( )( )7 7

( ) 7;  7
7

x x
h x x x

x
+ −

= = + ≠
−

 

 
21. a. Domain of 

 3 2( ) 4 2 8 :f x x x x x= + − − ∈�  
 Domain of ( ) 4,g x x x= + ∈ �  
 Domain of  

 
3 24 2 8( ) , 4

4
x x xh x x

x
+ − −

= ≠ −
+

 

 ( ) ( ), 4 4,x∈ −∞ − ∪ − ∞  

 b. 
3 24 2 8( ) ( )

4
f x x xh x x
g x

+ − −
= =

+
 

  ( )2 ( 4) 2 4
( )

4
x x x

h x
x

+ − +
=

+
 

  
( )2

2
( 4) 2

2;  4
4

x x
x x

x

+ −
= = − ≠ −

+
 

 
22. a. Domain of 

 3 2( ) 5 2 10 :f x x x x x= − + − ∈ �  
 Domain of ( ) 5 :g x x x= − ∈ �  
 Domain of  

 
3 25 2 10( ) , 5

5
x x xh x x

x
− + −

= ≠
−

 

 ( ) ( ),5 5,x∈ −∞ ∪ ∞  

 b. 
3 25 2 10( ) ( )

5
f x x xh x x
g x

− + −
= =

−
 

  ( )2 ( 5) 2 5
( )

5
x x x

h x
x

− + −
=

−
 

  
( )2

2
( 5) 2

2;  5
5

x x
x x

x

− +
= = + ≠

−
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23. a. Domain of 3 2( ) 7 6 :f x x x x x= − + ∈ �  
 Domain of ( ) 1:g x x x= − ∈ �  
 Domain of  

 
3 27 6( ) , 1

1
x x xh x x

x
− +

= ≠
−

 

 ( ) ( ),1 1,x∈ −∞ ∪ ∞  

 b. 
3 27 6( ) ( )

1
f x x xh x x
g x

− +
= =

−
 

  
2( 7 6)( )

1
x x xh x

x
− +

=
−

 

  
( )( )

2

6 1
( 6)

1
6 ;  1

x x x
x x

x
x x x

− −
= = −

−
= − ≠

 

 
24. a. Domain of 3( ) 1:f x x x= − ∈ �  
 Domain of ( ) 1:g x x x= − ∈ �  

 Domain of 
3 1( ) , 1

1
xh x x
x
−

= ≠
−

 

 ( ) ( ),1 1,x∈ −∞ ∪ ∞  

 b. 
3 1( ) ( )

1
f xh x x
g x

−
= =

−
 

  

2

2

( 1)( 1)( )
1

1;  1

x x xh x
x

x x x

− + +
=

−
= + + ≠

 

 
25. a. Domain of ( ) 1:f x x x= + ∈ �  
 Domain of ( ) 5 :g x x x= − ∈ �  
 Domain of  

 1( ) , 5
5

xh x x
x
+

= ≠
−

 

 ( ) ( ),5 5,x∈ −∞ ∪ ∞  

 b. 1( ) ( )
5

f xh x x
g x

+
= =

−
;  1x ≠  

 
26.  a. Domain of ( ) 3 :f x x x= + ∈ �  
 Domain of ( ) 7 :g x x x= − ∈ �  
 Domain of  

 3( ) , 7
7

xh x x
x
+

= ≠
−

 

 ( ) ( ),7 7,x∈ −∞ ∪ ∞  

 b. 3( ) ( )
7

f xh x x
g x

+
= =

−
;  7x ≠  

 
 

27. a. Domain of ( ) 2 3 :p x x x= − ∈ �  

 Domain of ( ) 2 ,q x x= − −  

 

( ]

2 0
2
2;  , 2

x
x

x x

− − ≥
− ≥

≤ − ∈ −∞ −

 

 Domain of 2 3( ) ,
2
xr x

x
−

=
− −

 

 
( )

2 0
2
2;  , 2

x
x

x x

− − >
− >

< − ∈ −∞ −

 

 b. 2 3( ) ( )
2

p xr x x
q x

−
= =

− −
 

 c. 
( )2 6 3 9(6)

2 6 8
r

−
= =

− − −
 

 8 is not a real number; 
6 is not in the domain of ( ).r x
−  

 
( )2 6 3 15 15( 6)

22 6 4
r

− − −
− = = = −

− +
 

 
28. a. Domain of ( ) 1 :p x x x= − ∈ �  

 Domain of ( ) 3 ,q x x= −  

 

( ]

3 0
3

3;  - ,3

x
x

x x

− ≥
− ≥ −

≤ ∈ ∞

 

 Domain of 1( ) ,
3

xr x
x

−
=

−
 

 

( )

3 0
3

3;  ,3

x
x

x x

− >
− > −

< ∈ −∞

 

 b. 1( ) ( )
3

p xr x x
q x

−
= =

−
 

 c. 1 6 5(6)
3 6 3

r − −
= =

− −
 

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

  1 ( 6) 7 7( 6)
33 6 9

r − −
− = = =

+
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29. a. Domain of ( ) 5 :p x x x= − ∈ �  

 Domain of ( ) 5,q x x= −  

 [ )
5 0
5;  5,

x
x x
− ≥

≥ ∈ ∞
 

 Domain of 5( ) ,
5

xr x
x
−

=
−

 

 ( )
5 0
5;  5,

x
x x
− >

> ∈ ∞
 

 b. 5( ) ( )
5

p xr x x
q x

−
= =

−
 

 c. 6 5 1(6) 1
6 5 1

r −
= = =

−
 

 6 5 11( 6)
6 5 11

r − − −
− = =

− − −
 

 11 is not a real number; 
6 is not in the domain of ( ).r x
−

−
 

 
30. a. Domain of ( ) 2 :p x x x= + ∈ �  

 Domain of ( ) 3,q x x= +  

 [ )
3 0

3;  3,
x
x x
+ ≥

≥ − ∈ − ∞
 

 Domain of 2( ) ,
3

xr x
x
+

=
+

 

 ( )
3 0

3;  3,
x
x x
+ >

> − ∈ − ∞
 

 b. 2( ) ( )
3

p xr x x
q x

+
= =

+
 

 c. 6 2 8 8(6)
36 3 9

r +
= = =

+
 

 6 2 4( 6)
6 3 3

r − + −
− = =

− + −
 

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

−
 

 

31. a. Domain of 2( ) 36 :p x x x= − ∈�  

 Domain of ( ) 2 13,q x x= +  

 
2 13 0
2 13

13 13;  ,
2 2

x
x

x x

+ ≥
≥ −

⎡ ⎞≥ − ∈ − ∞⎟⎢⎣ ⎠

 

 Domain of 
2 36( ) ,
2 13

xr x
x
−

=
+

 

 
2 13 0
2 13

13 13;  ,
2 2

x
x

x x

+ >
> −

⎛ ⎞> − ∈ − ∞⎜ ⎟
⎝ ⎠

 

 b. 
2 36( ) ( )
2 13

p xr x x
q x

−
= =

+
 

 c. 
( )

26 36 0(6) 0
252 6 13

r −
= = =

+
 

 ( )
( )

26 36 0( 6) 0
12 6 13

r
− −

− = = =
− +

 

 
32. a. Domain of 2( ) 6 :p x x x x= − ∈�  

 Domain of ( ) 7 3 ,q x x= +  

 
7 3 0
3 7

7 7;  ,
3 3

x
x

x x

+ ≥
≥ −

⎡ ⎞≥ − ∈ − ∞⎟⎢⎣ ⎠

 

 Domain of 
2 6( ) ,
7 3

x xr x
x

−
=

+
 

 
7 3 0
3 7

7 7;  ,
3 3

x
x

x x

+ >
> −

⎛ ⎞> − ∈ − ∞⎜ ⎟
⎝ ⎠

 

 b. 
2 6( ) ( )
7 3

p x xr x x
q x

−
= =

+
 

 c. ( ) ( )
( )

26 6 6 0(6) 0
257 3 6

r
−

= = =
+

 

  ( ) ( )
( )

26 6 6 72( 6)
117 3 6

r
− − −

− = =
−+ −

 

 11 is not a real number; 
6 is not in the domain of ( ).r x
−

−
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33. a. 6 3( ) , ( )
3 2

x xf x g x
x x

= =
− +

 

  

6
( ) 3( )

3( )
2

x
f x xh x

xg x
x

−= =

+

 

  

6 3 6 2
3 2 3 3

2( 2) 2 4
3 3

x x x x
x x x x

x x
x x

+
= ÷ = ⋅

− + −
+ +

= =
− −

 

 b. Domain of 2 4( ) , 3
3

xh x x
x
+

= ≠
−

 

  ( ) ( ),3 3,x∈ −∞ ∪ ∞  
 c. 2 0x + ≠  

  

2;
3 0

2
0

x
x

x
x

≠ −

≠
+
≠

 

 

34. a. 4 2( ) , ( )
1 2

x xf x g x
x x

= =
+ −

 

  

4
( ) 1( )

2( )
2

x
f x xh x

xg x
x

+= =

−

 

  

4 2 4 2
1 2 1 2

2( 2) 2 4
1 1

x x x x
x x x x

x x
x x

−
= ÷ = ⋅

+ − +
− −

= =
+ +

 

 b. Domain of 2 4( ) , 1
1

xh x x
x
−

= ≠ −
+

 

  ( ) ( ), 1 1,x∈ −∞ − ∪ − ∞ ; 
 c. 2 0x − ≠  

  

2;
2 0

2
0

x
x

x
x

≠

≠
−
≠

 

 
35. ( ) 32 += xxf  and ( ) 2−= xxg  
 Sum: 
 ( ) ( ) 13232 +=−++=+ xxxxgxf  
 Domain contains all values of x. 
 ( )∞−∞∈ ,: xD  
 Difference: 

 ( ) ( ) ( )
5232

232
+=+−+=

−−+=−
xxx

xxxgxf  

 Domain contains all values of x. 
 ( )∞−∞∈ ,: xD  

 Product:  

 

( ) ( ) ( )( )

62

6342

232

2

2

−−=

−+−=

−+=⋅

xx

xxx

xxxgxf

 

 Domain contains all values of x. 
 ( )∞∞−∈ ,: xD  
 Quotient: 

 
( )
( ) 2

32
−
+

=
x
x

xg
xf  

 
2
02

≠
≠−

x
x

 

 ( ) ( )∞∪−∞∈ ,22,: xD  
 
36. ( ) 5−= xxf  and ( ) 32 −= xxg  
 Sum: 
 ( ) ( ) 83325 −=−+−=+ xxxxgxf  
 Domain contains all values of x. 
 ( )∞−∞∈ ,: xD  
 Difference: 

 
( ) ( ) ( )

2
325

325

−−=
+−−=

−−−=−

x
xx

xxxgxf
 

 Domain contains all values of x. 
 ( )∞−∞∈ ,: xD  
 Product: 

 

( ) ( ) ( )( )

15132

151032

325

2

2

+−=

+−−=

−−=⋅

xx

xxx

xxxgxf

 

 Domain contains all values of x. 
 ( )∞−∞∈ ,: xD  
 Quotient: 

 
( )
( ) 32

5
−
−

=
x

x
xg
xf  

 

2
3
32
032

≠

≠
≠−

x

x
x

 

 ⎟
⎠
⎞

⎜
⎝
⎛ ∞∪⎟

⎠
⎞

⎜
⎝
⎛ ∞−∈ ,

2
3

2
3,: xD  
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37. ( ) 72 += xxf  and ( ) 23 −= xxg  
 Sum: 
 ( ) ( ) 53237 22 ++=−++=+ xxxxxgxf  
 Domain contains all values of x. 
 ( )∞−∞∈ ,: xD  
 Difference: 

 

( ) ( ) ( )

93

237

237

2

2

2

+−=

+−+=

−−+=−

xx

xx

xxxgxf

 

 Domain contains all values of x. 
 ( )∞−∞∈ ,: xD  
 Product: 

 ( ) ( ) ( )( )
142123

237
23

2

−+−=

−+=⋅

xxx

xxxgxf  

 Domain contains all values of x. 
 ( )∞−∞∈ ,: xD  
 Quotient: 

 
( )
( ) 23

72

−
+

=
x

x
xg
xf

 

 

3
2
23
023

≠

≠
≠−

x

x
x

 

 ⎟
⎠
⎞

⎜
⎝
⎛ ∞∪⎟

⎠
⎞

⎜
⎝
⎛ ∞−∈ ,

3
2

3
2,: xD  

 
38. ( ) xxxf 32 −=  and ( ) 4+= xxg  
 Sum: 
 ( ) ( ) 4243 22 +−=++−=+ xxxxxxgxf  
 Domain contains all values of x. 
 ( )∞−∞∈ ,: xD  
 Difference: 

 

( ) ( ) ( )

44

43

43

2

2

2

−−=

−−−=

+−−=−

xx

xxx

xxxxgxf

 

 Domain contains all values of x. 
 ( )∞−∞∈ ,: xD  
 Product: 

 

( ) ( ) ( )( )

xxx

xxxx

xxxxgxf

12

1234

43

23

223

2

−+=

−−+=

+−=⋅

 

 
 
 

 Domain contains all values of x. 
 ( )∞−∞∈ ,: xD  
 Quotient: 

 
( )
( ) 4

32

+
−

=
x

xx
xg
xf

 

 
4

04
−≠

≠+
x

x
 

 ( ) ( )∞−∪−−∞∈ ,44,: xD  
 
39. ( ) 322 −+= xxxf  and ( ) 1−= xxg  
 Sum: 

 ( ) ( )
43

132
2

2

−+=

−+−+=+

xx

xxxxgxf  

 Domain contains all values of x. 
 ( )∞−∞∈ ,: xD  
 Difference: 

 

( ) ( ) ( )

2

132

132

2

2

2

−+=

+−−+=

−−−+=−

xx

xxx

xxxxgxf

 

 Domain contains all values of x. 
 ( )∞−∞∈ ,: xD  
 Product: 

 

( ) ( ) ( )( )

35

3322

132

23

223

2

+−+=

+−−+−=

−−+=⋅

xxx

xxxxx

xxxxgxf

 

 Domain contains all values of x. 
 ( )∞−∞∈ ,: xD  
 Quotient: 

 

( )
( )
( )( ) 3

1
13

1
322

+=
−

−+
=

−
−+

=

x
x

xx
x

xx
xg
xf

 

 
1
01

≠
≠−

x
x

 

 ( ) ( )∞∪∞−∈ ,11,: xD  
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40. ( ) 1522 −−= xxxf  and ( ) 3+= xxg  
 Sum: 

 ( ) ( )
12

3152
2

2

−−=

++−−=+

xx

xxxxgxf  

 Domain contains all values of x. 
 ( )∞−∞∈ ,: xD  
 Difference: 

( ) ( ) ( )

183

3152

3152

2

2

2

−−=

−−−−=

+−−−=−

xx

xxx

xxxxgxf

 

 Domain contains all values of x. 
 ( )∞−∞∈ ,: xD  
 Product: 

 

( ) ( ) ( )( )

4521

4515623

3152

23

223

2

−−+=

−−−−+=

+−−=⋅

xxx

xxxxx

xxxxgxf

 

 Domain contains all values of x. 
 ( )∞−∞∈ ,: xD  
 Quotient: 

 

( )
( )
( )( ) 5

3
53

3
1522

−=
+

−+
=

+
−−

=

x
x

xx
x

xx
xg
xf

 

 
3

03
−≠

≠+
x

x
 

 ( ) ( )∞−∪−∞−∈ ,33,: xD  
 
41. ( ) 13 += xxf  and ( ) 3−= xxg  
 Sum: 
 ( ) ( ) 313 −++=+ xxxgxf  

 
3
03

≥
≥−

x
x

 

 [ )∞∈ ,3: xD  
 Difference:  
 ( ) ( ) 313 −−+=− xxxgxf  

 
3
03

≥
≥−

x
x

 

 [ )∞∈ ,3: xD  
 

 Product: 
 ( ) ( ) ( ) 313 −+=⋅ xxxgxf  

 
3
03

≥
≥−

x
x

 

 [ )∞∈ ,3: xD  
 Quotient: 

 ( )
( ) 3

13
−
+

=
x
x

xg
xf  

 
3
03

>
>−

x
x

 

 ( )∞∈ ,3: xD  
 
42. ( ) 2+= xxf  and ( ) 6+= xxg  
 Sum: 
 ( ) ( ) 62 +++=+ xxxgxf  

 
6

06
−≥

≥+
x

x
 

 [ )∞−∈ ,6: xD  
 Difference: 
 ( ) ( ) 62 +−+=− xxxgxf  

 
6

06
−≥

≥+
x

x
 

 [ )∞−∈ ,6: xD  
 Product: 
 ( ) ( ) ( ) 62 ++=⋅ xxxgxf  

 
6

06
−≥

≥+
x

x
 

 [ )∞−∈ ,6: xD  
 Quotient: 

 
( )
( ) 6

2
+

+
=

x
x

xg
xf  

 
6

06
−>

>+
x

x
 

 ( )∞−∈ ,6: xD  
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43. ( ) 22xxf =  and ( ) 1+= xxg  
 Sum: 
 ( ) ( ) 12 2 ++=+ xxxgxf  

 
1

01
−≥

≥+
x

x
 

 [ )∞−∈ ,1: xD  
 Difference: 
 ( ) ( ) 12 2 +−=− xxxgxf  

 
1

01
−≥

≥+
x

x
 

 [ )∞−∈ ,1: xD  
 Product: 
 ( ) ( ) 12 2 +=⋅ xxxgxf  

 
1

01
−≥

≥+
x

x
 

 [ )∞−∈ ,1: xD  
 Quotient: 

 
( )
( ) 1

2 2

+
=

x
x

xg
xf

 

 
1

01
−>

>+
x

x
 

 ( )∞−∈ ,1: xD  
 
44. ( ) 22 += xxf  and ( ) 5−= xxg  
 Sum: 
 ( ) ( ) 522 −++=+ xxxgxf  

 
5
05

≥
≥−

x
x

 

 [ )∞∈ ,5: xD  
 Difference: 
 ( ) ( ) 522 −−+=− xxxgxf  

 
5
05

≥
≥−

x
x

 

 [ )∞∈ ,5: xD  
 Product: 
 ( ) ( ) ( ) 522 −+=+ xxxgxf  

 
5
05

≥
≥−

x
x

 

 [ )∞∈ ,5: xD  

 Quotient: 

 
( )
( ) 5

12

−

+
=

x
x

xg
xf

 

 
5
05

>
>−

x
x

 

 ( ): 5,D x∈ ∞  
 

45. ( )
3

2
−

=
x

xf  and ( )
2

5
+

=
x

xg  

 Sum: 

 ( ) ( )
2

5
3

2
+

+
−

=+
xx

xgxf  

 
( ) ( )
( )( )23

3522
+−
−++

=
xx

xx
 

 
( )( )

( )( )23
117

23
15542

+−
−

=

+−
−++

=

xx
x

xx
xx

 

 
3
03

≠
≠−

x
x

2
02
−≠

≠+
x

x
 

 ( ) ( ) ( )∞∪−∪−∞−∈ ,33,22,: xD  
 Difference: 

 ( ) ( )
2

5
3

2
+

−
−

=−
xx

xgxf  

 
( ) ( )
( )( )23

3522
+−
−−+

=
xx

xx
 

 
( )( )

( )( )23
193

23
15542

+−
+−

=

+−
+−+

=

xx
x

xx
xx

 

 
3
03

≠
≠−

x
x

2
02
−≠

≠+
x

x
 

 ( ) ( ) ( )∞∪−∪−∞−∈ ,33,22,: xD  
 Product: 

 ( ) ( ) ⎟
⎠
⎞

⎜
⎝
⎛

+
⎟
⎠
⎞

⎜
⎝
⎛

−
=⋅

2
5

3
2

xx
xgxf  

 
( )( )

6
10

23
10

2 −−
=

+−
=

xx

xx
 

 
3
03

≠
≠−

x
x

2
02
−≠

≠+
x

x
 

 ( ) ( ) ( )∞∪−∪−∞−∈ ,33,22,: xD  
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 Quotient: 

 
( )
( ) ⎟

⎠
⎞

⎜
⎝
⎛ +
⎟
⎠
⎞

⎜
⎝
⎛

−
=

+

−=
5

2
3

2

2
5

3
2

x
x

x

x
xg
xf

 

 
( )
( ) 155

42
35
22

−
+

=
−
+

=
x
x

x
x

 

 
3
03

≠
≠−

x
x

2
02
−≠

≠+
x

x
 

 ( ) ( ) ( )∞∪−∪−∞−∈ ,33,22,: xD  
 

46. ( )
3

4
−

=
x

xf  and ( )
5

1
+

=
x

xg  

 Sum: 

 ( ) ( )
5

1
3

4
+

+
−

=+
xx

xgxf  

 
( ) ( )
( )( )53

3154
+−
−++

=
xx

xx
 

 
( )( )

( )( )53
175

53
3204

+−
+

=

+−
−++

=

xx
x

xx
xx

 

 
3
03

≠
≠−

x
x

5
05
−≠

≠+
x

x
 

 ( ) ( ) ( )∞∪−∪−∞−∈ ,33,55,: xD  
 Difference: 

 ( ) ( )
5

1
3

4
+

−
−

=−
xx

xgxf  

 
( ) ( )
( )( )53

3154
+−
−−+

=
xx

xx
 

 
( )( )

( )( )53
233

53
3204

+−
+

=

+−
+−+

=

xx
x

xx
xx

 

 
3
03

≠
≠−

x
x

5
05
−≠

≠+
x

x
 

 ( ) ( ) ( )∞∪−∪−∞−∈ ,33,55,: xD  
 

 Product: 

 ( ) ( ) ⎟
⎠
⎞

⎜
⎝
⎛

+
⎟
⎠
⎞

⎜
⎝
⎛

−
=⋅

5
1

3
4

xx
xgxf  

 
( )( )

152
4

53
4

2 −+
=

+−
=

xx

xx
 

 
3
03

≠
≠−

x
x

5
05
−≠

≠+
x

x
 

 ( ) ( ) ( )∞∪−∪−∞−∈ ,33,55,: xD  
 Quotient: 

 
( )
( ) ⎟

⎠
⎞

⎜
⎝
⎛ +
⎟
⎠
⎞

⎜
⎝
⎛

−
=

+

−=
1

5
3

4

5
1

3
4

x
x

x

x
xg
xf

 

 ( )
3
204

3
54

−
+

=
−
+

=
x
x

x
x  

 
3
03

≠
≠−

x
x

5
05
−≠

≠+
x

x
 

 ( ) ( ) ( )∞∪−∪−∞−∈ ,33,55,: xD  
 
47. ( ) 1452 −−= xxxf  

 ( ) ( ) ( ) ;014104142522 2 =−+=−−−−=−f

( ) ( ) ( ) 0143549147577 2 =−−=−−=f ; 

 ( ) ( ) ( )22 2 5 2 14 4 10 14 20f = − − = − − = − ; 

 

( ) ( ) ( )

aa

aaa

aaaf

9

1410544

142522

2

2

2

−=

−+−+−=

−−−−=−

 

 
48. ( ) xxxg 93 −=  

 ( ) ( ) ( ) 027273933 3 =+−=−−−=−g ; 

 ( ) ( ) ( ) 101882922 3 −=−=−=g ; 

 ( ) ( ) ( )33 3 9 3 27 27 0g = − = − = ; 

 

( ) ( ) ( )

863

99133

1911

23

23

3

−−+=

−−+++=

+−+=+

ttt

tttt

tttg
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49. ( ) 3+= xxf  and ( ) 52 −= xxg  
 (a) ( )h x = ( )( ) ( )[ ]xgfxgf =o  

  

( )
( )

22

352

3

−=

+−=

+=

x

x

xg

 

 (b) ( )H x = ( )( ) ( )[ ]xfgxfg =o  

  
( )( )

532

52

−+=

−=

x

xf
 

 (c) 022 ≥−x  

  
1
22

≥
≥

x
x

 

  Domain of h : [ )∞∈ ,1x  

  
3

03
−≥

≥+
x

x
 

  Domain of H: [ )∞−∈ ,3x  
 
50. ( ) 3f x x= +  and ( ) 29g x x= −  

 (a) ( )h x = ( )( ) ( )f g x f g x= ⎡ ⎤⎣ ⎦o  

  
( )

2

3

9 3

g x

x

= +

= − +
 

 (b) ( )H x = ( )( ) ( )[ ]xpqxpq =o  

  

( )( )
( )

( )

2

2

2

2

9

9 3

9 6 9

6

f x

x

x x

x x

= −

= − +

= − + +

= − −

 

 (c) 09 2 ≥− x  

  

33

9

9
2

2

−≥≤

≤

−≥−

xandx

x

x

 

  Domain of h: [ ]3,3−∈x  

  ( )
60

06
062

−≥≤

≥+−
≥−−

xandx

xx
xx

 

  Domain of H: [ ]0,6−∈x  
 
51. ( ) 3−= xxf  and ( ) 43 += xxg  
 (a) ( ) ( )( )xgfxh o=  
  ( ) ( )[ ]xgfxh =  

  

( ) ( )

13

343

3

+=

−+=

−=

x

x

xgxh

 

 (b) ( ) ( )( )xfgxH o=  
  ( ) ( )[ ]xfgxH =  

  
( ) ( )( )

433

43

+−=

+=

x

xfxH
 

 (c) 013 ≥+x  

  
3
1
13

−≥

−≥

x

x
 

  Domain of h: 
⎭
⎬
⎫

⎩
⎨
⎧

−≥
3
1xx  

  or ⎟
⎠
⎞

⎢⎣
⎡ ∞− ,

3
1 ; 

  
3
03

≥
≥−

x
x

 

  Domain of H: { }3≥xx  
  or [ )∞,3  
 
52. ( ) 5+= xxf  and ( ) 14 −= xxg  
 (a) ( ) ( )( )xgfxh o=  
  ( ) ( )[ ]xgfxh =  

  

( ) ( )

( )
12

14

44

514

5

+=

+=

+=

+−=

+=

x

x

x

x

xgxh

 

 (b) ( ) ( )( )xfgxH o=  
  ( ) ( )[ ]xfgxH =  

  
( ) ( )( )

154

14

−+=

−=

x

xfxH
 

 (c) 044 ≥+x  

  
1
44

−≥
−≥

x
x

  

  Domain of h: { }1−≥xx  
  or [ )∞− ,1 ; 

  
5

05
−≥

≥+
x

x
 

  Domain of H: { }5−≥xx  
  or [ )∞− ,5  
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53. ( ) xxxf 32 −=  and ( ) 2+= xxg  
 (a) ( ) ( )( )xgfxh o=  
  ( ) ( )[ ]xgfxh =  

  

( ) ( )( ) ( )( )
( ) ( )

2

6344

232

3

2

2

2

2

−+=

−−++=

+−+=

−=

xx

xxx

xx

xgxgxh

 

 (b) ( ) ( )( )xfgxH o=  
  ( ) ( )[ ]xfgxH =  

  
( ) ( )( )

23

2
2 +−=

+=

xx

xfxH
 

 (c) Domain of h: ( )∞−∞,  
  Domain of H: ( )∞−∞,  
 
54. ( ) 12 2 −= xxf  and ( ) 23 += xxg  
 (a) ( ) ( )( )xgfxh o=  
  ( ) ( )[ ]xgfxh =  

  

( ) ( )( )
( )
( )

72418

182418

141292

1232

12

2

2

2

2

2

++=

−++=

−++=

−+=

−=

xx

xx

xx

x

xgxh

 

 (b) ( ) ( )( )xfgxH o=  
  ( ) ( )[ ]xfgxH =  

  

( ) ( )( )
( )

16

236

2123

23

2

2

2

−=

+−=

+−=

+=

x

x

x

xfxH

 

 (c) Domain of h: ( )∞−∞,  
  Domain of H: ( )∞−∞,  
 
55. ( ) 42 −+= xxxf  and ( ) 3+= xxg  
 (a) ( ) ( )( )xgfxh o=  
  ( ) ( )[ ]xgfxh =  

  

( ) ( )( ) ( )
( )

87

196

433

4

2

2

2

2

++=

−+++=

−+++=

−+=

xx

xxx

xx

xgxgxh

 

 
 

 (b) ( ) ( )( )xfgxH o=  
  ( ) ( )[ ]xfgxH =  

  

( ) ( )

1

34

3

2

2

−+=

+−+=

+=

xx

xx

xfxH

 

 
 (c) Domain of h: ( )∞−∞,  
  Domain of H: ( )∞−∞,  
 
56. ( ) 242 +−= xxxf  and ( ) 2−= xxg  
 (a) ( ) ( )( )xgfxh o=  
  ( ) ( )[ ]xgfxh =  

  

( ) ( )( ) ( )( )
( ) ( )

148

28444

2242

24

2

2

2

2

+−=

++−+−=

+−−−=

+−=

xx

xxx

xx

xgxgxh

 

 (b) ( ) ( )( )xfgxH o=  
  ( ) ( )[ ]xfgxH =  

  

( ) ( )

xx

xx

xfxH

4

224

2

2

2

−=

−+−=

−=

 

 (c) Domain of h: ( )∞−∞,  
  Domain of H: ( )∞−∞,  
 
57. ( ) 5−= xxf  and ( ) 13 +−= xxg  
 (a) ( ) ( )( )xgfxh o=  
  ( ) ( )[ ]xgfxh =  

  
( ) ( )

513

5

−+−=

−=

x

xgxh
 

 (b) ( ) ( )( )xfgxH o=  
  ( ) ( )[ ]xfgxH =  

  

( ) ( )( )
( )

163

1153

153
13

+−=

++−=

+−−=

+−=

x

x

x
xfxH

 

 (c) Domain of h: ( )∞−∞,  
  Domain of H: ( )∞−∞,  
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58. ( ) 2−= xxf  and ( ) 53 −= xxg  
 (a) ( ) ( )( )xgfxh o=  
  ( ) ( )[ ]xgfxh =  

  

( ) ( )

73

253

2

−=

−−=

−=

x

x

xgxh

 

 (b) ( ) ( )( )xfgxH o=  
  ( ) ( )[ ]xfgxH =  

  
( ) ( )( )

523
53

−−=

−=

x
xfxH

 

 (c) Domain of h: ( )∞−∞,  
  Domain of H: ( )∞−∞,  
 

59. ( )
3

2
+

=
x

xxf  and ( )
x

xg 5
=  

 (a)     
  ( )( ) : For ( ) to be defined, 0.f g x g x x ≠o  

  [ ] 2 ( )For ( ) ,
( ) 3
g xf g x

g x
=

+
 

  5( ) 3 so .
3

g x x≠ − ≠ −  

  Domain: 50,
3

x x x⎧ ⎫≠ ≠ −⎨ ⎬
⎩ ⎭

 

 (b)  
  ( )( ) : For ( ) to be defined, 3.g f x f x x ≠ −o  

  [ ] 5For g ( ) ,
( )

f x
f x

=  

  ( ) 0 so 0.f x x≠ ≠  

  Domain: { }0, 3x x x≠ ≠ −  
  
 (c) ( )( ) ( )[ ]xgfxgf =o  

  

( )( )
( )

( ) xxx
x

x
x

x

x

x
xg

xg

35
10

35
10

35

10

35

52

3
2

+
=

+
=

+
=

+

⎟
⎠
⎞

⎜
⎝
⎛

=
+

=
 

  ( )( ) ( )[ ]xfgxfg =o  

  ( )
( )

x
x

x
x

x
xxf 2

155
2

35

3
2
55 +

=
+

=

+

==  

 
 
 

60. ( )
x

xf 3−
=  and ( )

2−
=

x
xxg  

 (a)   
  ( )( ) : For ( ) to be defined, 2.f g x g x x ≠o  

  [ ] 3For ( ) ,
( )

f g x
g x
−

=  

  ( ) 0 so 0.g x x≠ ≠  

  Domain: { }0, 2x x x≠ ≠  
 (b)  
  ( ) ( ) : For ( ) to be defined, 0.g f x f x x ≠o  

  [ ] ( )For g ( ) ,
( ) 2
f xf x

f x
=

−
 

  3( ) 2 so .
2

f x x≠ ≠ −  

  Domain: 3 , 0
2

x x x⎧ ⎫≠ − ≠⎨ ⎬
⎩ ⎭

 

 (c) ( )( ) ( )[ ]xgfxgf =o  

  ( )
( )

x
x

x
x

x
xxg

6323

2

33 +−
=

−−
=

−

−
=

−
=  

  ( )( ) ( )[ ]xfgxfg =o  

  

( )
( )

( ) 32
3

23
3

23
3

23

3

23

3

2

+
=

−−
−

=
−−

−
=

−−

−

=
−

−

−

=
−

=

xxxx
x

x
x

x

x

x
xf

xf

 

 

61. ( )
x

xf 4
=  and ( )

5
1
−

=
x

xg  

 (a)     
  ( )( ) : For ( ) to be defined, 5.f g x g x x ≠o  

  [ ] 4For ( ) ,
( )

f g x
g x

=  

  ( ) 0 and ( ) is never zero.g x g x≠  

  Domain: { }5x x ≠  
 (b)  
  ( ) ( ) : For ( ) to be defined, 0.g f x f x x ≠o  

  [ ] 1For g ( ) ,
( ) 5

f x
f x

=
−

 

  4( ) 5 so .
5

f x x≠ ≠  

  Domain: 40,
5

x x x⎧ ⎫≠ ≠⎨ ⎬
⎩ ⎭
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 (c) ( ) ( )( )xgfxh o=  
  ( ) ( )[ ]xgfxh =  

  

( ) ( )

( )
204
54

5
1
4

4

−=
−=

−

=

=

x
x

x

xg
xh

 

  ( ) ( )( )xfgxH o=  
  ( ) ( )[ ]xfgxH =  

  

( ) ( )

x
x
x

x

x

xf
xH

54

54
1

54
1

5
1

−
=

−
=

−
=

−
=

 

 

62. ( )
x

xf 3
=  and ( )

2
1
−

=
x

xg  

 (a)   
  ( )( ) : For ( ) to be defined, 2.f g x g x x ≠o  

  [ ] 3For ( ) ,
( )

f g x
g x

=  

  ( ) 0 and ( ) is never zero.g x g x≠  

  Domain: { }2x x ≠  
 (b)  
  ( ) ( ) : For ( ) to be defined, 0.g f x f x x ≠o  

  [ ] 1For g ( ) ,
( ) 2

f x
f x

=
−

 

  3( ) 2 so .
2

f x x≠ ≠  

  Domain: 30,
2

x x x⎧ ⎫≠ ≠⎨ ⎬
⎩ ⎭

 

 

 (c) ( ) ( )( )xgfxh o=  
  ( ) ( )[ ]xgfxh =  

  

( ) ( )

( )
63
23

2
1
3

3

−=
−=
−

=

=

x
x

x

xg
xh

 

  ( ) ( )( )xfgxH o=  
  ( ) ( )[ ]xfgxH =  

  ( ) ( ) 2
1
−

=
xf

xH  

  
23

1

−
=

x

 

  

x
x23

1
−

=  

  
x

x
23−

=  

 
63. ( ) 82 −= xxf  and ( ) 2+= xxg  
 ( ) ( )( )xgfxh o=  
 a. ( )( ) ( )[ ]xgfxgf =o  

  

( )( )
( )

;44

844

82

8

2

2

2

2

−+=

−++=

−+=

−=

xx

xx

x

xg

 

  
( )
( ) ( ) ( ) 414202545455

44
2

2

=−+=−+=

−+=

h

xxxh
 

 b. ( ) 7255 =+=g  

  
( )[ ] ( )

( ) 4184987

75
2 =−=−=

= fgf
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64. ( ) 82 −= xxp  and ( ) 2+= xxq  
 ( ) ( )( )xqpxH o=  
 a. ( )( ) ( )[ ]xqpxqp =o  

  

( )( )
( )

;44

844

82

8

2

2

2

2

−+=

−++=

−+=

−=

xx

xx

x

xq

 

  

( )
( ) ( ) ( )

8484
42422

;44
2

2

−=−−=
−−+−=−

−+=

H

xxxH

 

 b. ( ) 0222 =+−=−q  

  
( )[ ] ( )

( ) 88080

02
2 −=−=−=

=− pqp
 

 

65. ( ) ( )3
2 1 5h x x= − + −  

 Answers may vary. 
 ( ) 32 1, ( ) 5g x x f x x= − + = −  
 

66. ( ) 3 2 5 2h x x= − +  
 Answers may vary. 
 ( ) 23 2, ( ) 5p x x q x x= + = −  
 
67. ( ) ( ) 22 1, 1,f x x g x x= − = −  
 ( ) 4h x x= +  

 a. [ ]( )( ) ( )p x f g h x⎡ ⎤= ⎣ ⎦  

  

( )

( )

( )
( )

2

2

2

2

( ) 4 1

2 4 1 1

2 4 2 1

2 4 3

p x f x

x

x

x

⎡ ⎤= + −⎣ ⎦
⎡ ⎤= + − −⎣ ⎦

= + − −

= + −

 

 b. [ ]( )( ) ( )q x g f h x⎡ ⎤= ⎣ ⎦  

  

( )
[ ] [ ]

( )2

( ) 2 4 1

2 8 1 2 7

2 7 1

q x g x

g x g x

x

= + −⎡ ⎤⎣ ⎦
= + − = +

= + −

 

 

68. ( ) ( ) 32 3,
2

xf x x g x −
= + =  

 a. ( )( ) ( ( ))f f x f f x=o  

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

 b. ( )( ) ( ( ))g g x g g x=o  

  

3 3 3 6 92
2 4 4

x
x x

−
− − − −

= = =  

 c. ( )( ) ( ( ))f g x f g x=o  

  32 3 3 3
2

x x x−⎛ ⎞= + = − + =⎜ ⎟
⎝ ⎠

 

 d. ( )( ) ( ( ))g f x g f x=o  

  2 3 3 2
2 2

x x x+ −
= = =  

 
69. a. (5) 6000C =  
 b. (8) 3000T =  
 c. (9) (9) 6000 2000 8000C T+ = + =  
 d. (9) (9) 6000 2000 4000C T− = − =  
 
70. a. (2) $12M = million 
 b. (5) $12P =  million 
 c. (9) (9) 12 8 $20M P+ = + = million 
 d. (10) (10) 14 4 $10P M− = − = million 
 
71. a. (2) $1R = billion 
 b. (8) $5C =  billion 
 c. ( ) ( )R t C t=  
  Broke even 2003, 2007, 2010 

 d. ( ) ( )
( ) ( ) :

2000, 2003 2007,2010
C t R t
t

>

∈ U
 

 e. ( ) ( ), (2003, 2007)R t C t t> ∈  
 f. (5) (5) 5 1 $4 billionR C− = − =  
 
72. a. (2) $6D = billion 
 b. (6) $5R =  billion 
 c. ( ) ( )R t D t=  
  2001, 2004, 2007 
 d. ( ) ( )( ) ( ), 2000, 2001 2004, 2007R t D t t> ∈ ∪  
 e. ( ) ( )( ) ( ), 2001, 2004 2007, 2010R t D t t< ∈ ∪  

 f. ( ) ( )D t R t+  
  (10) (10) 6 3 $9 billionD R+ = + =  
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73. a. ( )( 4) ( 4) ( 4)f g f g+ − = − + −  
 5 ( 1) 4= + − =  
 b. ( )(1) (1) (1)f g f g⋅ = ⋅  
  0(3) 0= =  
 c. ( )(4) (4) (4)f g f g− = −  
 5 3 2= − =  
 d. ( )(0) (0) (0)f g f g+ = +  
 1 2 3= + =  

 e. (2)(2)
(2)

f f
g g

⎛ ⎞
=⎜ ⎟

⎝ ⎠

1
3
−

=  

 f. ( )( 2) ( 2) ( 2)f g f g⋅ − = − ⋅ −  
  3(2) 6= =  
 g. ( )(2) (2) (2)g f g f⋅ = ⋅  
  3( 1) 3= − = −  
 h. ( )( 1) ( 1) ( 1)f g f g− − = − − −  
 2 1 1= − =  
 i. ( )(8) (8) (8)f g f g+ = +  
 1 2 1= − + =  

 j. (7)(7)
(7)

f f
g g

⎛ ⎞
=⎜ ⎟

⎝ ⎠

1  undefined
0

=  

 k. ( ) ( )(4) (4)g f g f=o  

  1(5) 0.5
2

g= = =  

 l. ( ) ( )(4) (4)f g f g=o  
  (3) 2f= =  
 
74. a. ( )( 4) ( 4) ( 4)p q p q+ − = − + −  
 4 ( 4) 0= + − =  
 b. ( )(1) (1) (1)p q p q⋅ = ⋅  
  4( 3) 12= − = −  
 c. ( )(4) (4) (4)p q p q− = −  
 2 0 2= − =  
 d. ( )(0) (0) (0)p q p q+ = +  
 1 1 2= + =  

 e. (5)(5)
(5)

p p
q q

⎛ ⎞
=⎜ ⎟

⎝ ⎠

1
6

=  

 f. ( )( 2) ( 2) ( 2)p q p q⋅ − = − ⋅ −  
  3(2) 6= − = −  
 g. ( )(2) (2) (2)q p q p⋅ = ⋅  
  4(5) 20= − = −  
 

 h. ( )( 1) ( 1) ( 1)p q p q− − = − − −  
 2 3 5= − − = −  
 i. ( )(7) (7) (7)p q p q+ = +  
 ( )6 3 3= + − =  

 j. (6)(6)
(6)

p p
q q

⎛ ⎞
=⎜ ⎟

⎝ ⎠

2  undefined
0

=  

 k. ( ) ( )(4) (4)q p q p=o  
  (2) 4q= = −  
 l. ( ) ( )( 1) ( 1)p q p q− = −o  

  (3) 4p= =
1

3
−

=  

 
75. ( ) ( ) ( )h x f x g x= −  

 2 25 1 5 1
3 3

x x⎛ ⎞= − + = − −⎜ ⎟
⎝ ⎠

 

 2 4
3

x= − +  

 
76. ( ) ( ) ( )h x f x g x= −  

 ( )2 1 3 2 2x x= + − = −  

 
77. ( ) ( ) ( )h x f x g x= −  

 ( )2 25 4x x x x x= − − = −  
 
78. ( ) ( ) ( )h x f x g x= −  

 ( ) ( )2 23 13 2x x⎡ ⎤= − − + − −⎣ ⎦  

 ( ) ( )2 26 9 13 4 4x x x x= − − + + − − +  

 2 26 9 13 4 4x x x x= − + − + − + −  
 22 10x x= − +  
 
79. 2240 rrA ππ +=  
 ( )rrA += 202π  
 ( ) ( )( )rgfrA ⋅=   
 ( ) 2 , ( ) 20f r r g r rπ= = +  
 ( ) ( )( ) ( ) 25 2 5 20 5 10 25 250  unitsA π π π= + = =  
 
80. ( ) ( )trPrA += 1  
 5( ) 1 , ( ) 1000g r r f r r= + = Answers will 

vary. 
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81. Revenue: ( ) 40,000R x x=  
 Cost: ( ) 108,000 28,000C x x= +  
 a. ( ) ( ) ( )P x R x C x= −  

  
40,000 108,000 28,000
12,000 108,000

x x
x

= − −
= −

 

 b. Break even when P(x) = 0 

  
12,000 108,000 0
12,000 108,000

9

x
x

x

− =
=

=
 

  9 boats must be sold to break even. 
 
82. Revenue: ( ) 1.50R x x=  
 Cost: ( ) 900 0.25C x x= +  
 a. ( ) ( ) ( )P x R x C x= −  

  
1.50 (900 0.25 )
1.50 900 0.25
1.25 900

x x
x x
x

= − +
= − −
= −

 

 b. Break even when P(x) = 0 

  
1.25 900 0
1.25 900

720

x
x

x

− =
=

=
 

  720 newsletters must be sold to break 
even. 

 c. Let x = 1000 
  ( )(1000) 1.25 1000 900 350P = − =  
  $350 will be returned. 
 
83. a. ( ) ( ) ( )nCnRnP −=  

  ( ) 21.045.11 nnnP −=  

 b. ( ) ( ) ( )2121.01245.1112 −=P  
  123$4.144.137 =−=  
 c. ( ) ( ) ( )2601.06045.1160 −=P  
  327$360687 =−=  
 d. At n = 115, costs exceed revenue,  
  ).115()115( RC >  
 
84. a. ( ) ( ) ( )tCtMtT +=  

  
( )
( ) 321.0

21.012
2

2

++=

+++=

tttT

tttT
 

 b. ( ) ( ) ( )tMtCtD −=  

  

( ) ( )
( )
( ) 121.0

1221.0

1221.0

2

2

2

+−=

−−+=

+−+=

tttD

tttD

tttD

 

 
 

 c. ( ) 21.0 2 += ttC  

  ( ) ( ) 122102101.010 2 =+=+=C  
  $12,000 
 d. ( ) ( ) ( ) 1102101.010 2 +−=D  
  ( )10 10 20 1 9D = − + = −  
  $9,000 
 e. ( ) ( ) ( )tTtRtP −=  

  
( ) ( )
( ) 321.010

321.010
2

2

−−−=

++−=

ttttP

ttttP
 

 f. ( ) 321.010 2 −−−= ttttP  

  
( ) ( ) ( )
( )
( )
( ) 861.65

5.155105
3105.25105

35251.05105 2

=
−=

−−−=
−−−=

P
P
P
P

 

  $6,861; 

  

( ) ( ) ( )
( )
( )
( ) 377.110

33101010

32010101010

3102101.0101010 2

−=
−=

−−−=

−−−=

P
P

P

P

 

  –$1,377 
  No profit was made in the 10th month.  

 There was a loss. 
 
85. ( ) 145.0 −= xxf ; ( ) 232 += xxg  
 ( ) ( )( ) ( )[ ]xgfxgfxh == o  

 

( ) ( )( )
( )

;5.2
145.11

142325.0
145.0

−=
−+=

−+=
−=

x
x

x
xgxh

 

 ( ) 5.105.21313 =−=h  
 
86. ( ) xxE 12.1= ; ( ) xxY 1061=  
 (a) ( ) ( ) 11210012.1100 ==E  euros 
 (b) ( ) ( ) 1188321121061112 ==Y  yen 
 (c) ( ) ( )( ) ( )[ ]xEYxEYxM == o  
  ( ) ( )( )xExM 1061=  
  ( )x12.11061=  
  ;32.1188 x=  
  ( ) ( ) 11883210032.1188100 ==M  yen 
  Parts b  and c agree. 
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87. ( ) xxT 6.41= ; ( ) xxR 9.10=  
 (a) ( ) ( ) 41601006.41100 ==T baht 
 (b) ( ) ( ) 344,4541609.104160 ==R  
  rRinggit 
 (c) ( ) ( )( ) ( )[ ]xTRxTRxM == o  

  
( ) ( )( )

( )
;44.453
6.419.10
9.10

x
x

xTxM

=
=

=
 

  ( ) ( ) 4534410044.453100 ==M  ringgit 
  Parts B and C agree. 
 
88. ( ) ttr 2= ; 2rA π=  
 (a) ( ) ( )( ) ( )[ ]trAtrAtA == o  

  

( )( )
( )

2

2

2

4

2

t

t

tr

π

π

π

=

=

=

 

 (b) ( ) ( ) 22 m1440060460 ππ ==A  
 
89. ( ) ttr 3= ; 2rA π=  
 (a) ( ) ( ) ft 6232 ==r  

 (b) ( ) ( ) 22 ft 3666 ππ ==A  
 (c) ( ) ( )( ) ( )[ ]trAtrAtA == o  

  

( ) ( )( )
( )

;9

3
2

2

2

t

t

trtA

π

π

π

=

=

=

 

  ( ) ( ) 22 ft 36292 ππ ==A  
  The answers do agree. 
 
90. ( ) ttr 05.1= ; 24 rSA π=  

 (A) ( ) ( ) Gm1.2205.12 ==r  

 (B) ( )21.24π=SA  

  2Gm 64.17 π=SA  
 (C) ( ) ( )( ) ( )[ ]trStrSth == o  

  
( ) ( )
( )

2

2

4 1.05

4.41

h t t

h t t

π

π

=

=
 

  The answers do agree. 
 

91. ( ) −+−= 234 5383.78996.00345.0 xxxxC  
 407215.21 +x  
 ( ) +−+−= 234 5383.78996.00345.0 xxxxL  
 107215.21 +x  
 (a) 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. 

 
92. ( ) 23 += xxf  and ( ) 3 2−= xxg  

 

( ) ( ) ( ) ( )

( ) ( )( )

( )

3

3
3

2

2 2

2 2

h x f g x f g x

h x g x

x

x x

= = ⎡ ⎤⎣ ⎦

= +

= − +

= − + =

o

 

 ( ) [ ]( ) ( ) ( )H x g f x g f x= =o  

 3 3 2 2x x= + − =  
 Answers will vary. 
 
93. ( ) xxf −= 1  and ( ) 2−= xxg  
 Using the grapher, 
 ( )( )xgf +  cannot be found because their 

domains do not overlap. 
 
94. a. ( )( ) ( ( ))f g x f g x=o  
 ( )

( )2

1 11
1 41 4

f x
xx

+ = =
+ −+ −

 

 1( )
1 4

h x
x

=
+ −

 

 b. Domain of ( )h x  

  1 1 ; 3;
1 4 3

x
x x

= ≠
+ − −

 

  
( )

1 1 ; 5;
1 4 5

x
x x

= ≠ −
− + − − −

 

 Yes, Domain includes x = 2, x = –2, x = –3. 
 c. Domain of : 2, 2;f x x≠ ≠ −  
  Domain of : 1 0g x + ≥  
            1x ≥ −  
  Domain of [ ) ( ) ( ): 1, 2 2,3 3,h − ∪ ∪ ∞  
  For 1,x ≥ −  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. 
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95. ( )2( ) 3 2, ( ) 4 3 5f x x g x x= − + = − −  
x f(x) g(x) (f–g)(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 

 

  
 
96. 2 + 3i and 2 – 3i 
 Sum: 
 ( ) ( ) 43232 =−++ ii  
 Product: 

( )( ) 1394943232 2 =+=−=−+ iii  
 
97. ( ) xxf = ; ( ) 3 xxg = ; ( ) xxh =  
 (a)  

  
 

 (b)  

  
 (c)  

  
 
98. 0432 2 =+− xx  

 

( ) ( )( )
( )

23 3 4 2 4
2 2

3 9 32
4

x

x

± − −
=

± −
=

 

 

3 23
4

3 23
4 4

x

x i

± −
=

= ±

 

 
99. 2 3 9x y− + =  

 
3 2 9

2 3
3

y x

y x

= +

= +
 

 2
3

m = ; 

 Slope of a line perpendicular is 3
2

− . 

 y– intercept (0,0); 

 Equation: 3
2

y x= −  
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Chapter 2 Summary and Review 
 
1.

  
 { }7, 4,0,3,5x∈ − −  

 { }2,0,1,3,8y∈ −  
 
2.

  
 

x y 
–5 ( )225 5 0y = − − =  

–4 ( )225 4 3y = − − =  

–2 ( )225 2 4.58y = − − ≈  

0 225 0 5y = − =  
2 ( )225 2 4.58y = − ≈  

4 ( )225 4 3y = − =  

5 ( )225 5 0y = − =  

 
 Domain: [ ]5,5x∈ −  

 Range: [ ]0,5y∈  
 
3. (19,25), (–14,–31) 

 ( ) ( )2 214 19 31 25

1089 3136 4225 65

d = − − + − −

= + = =
 

 65 miles 
 

4. (19,25), (–14,–31) 
 Midpoint: 19 ( 14) 25 ( 31),

2 2
+ − + −⎛ ⎞

⎜ ⎟
⎝ ⎠

 

 5 6 5, , 3
2 2 2

−⎛ ⎞ ⎛ ⎞= = −⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠

 

 
5. 2 2 16x y+ =  
 Center (0,0), Radius 4 

  
 
6. 2 2 6 4 9 0x y x y+ + + + =  
 2 26 9 4 4 9 9 4x x y y+ + + + + = − + +  
 ( ) ( )2 23 2 4x y+ + + =  
 Center (–3,–2), Radius 2 

  
 
7. (–3,0) and (0,4) 
 To find the center, find the midpoint. 
 3 0 0 4 3, , 2

2 2 2
− + +⎛ ⎞ ⎛ ⎞= −⎜ ⎟ ⎜ ⎟

⎝ ⎠ ⎝ ⎠
 

 To find the radius, find the distance between 

( )3 , 2  and 0, 4
2

⎛ ⎞−⎜ ⎟
⎝ ⎠

 

 ( )
2

230 4 2
2

d ⎛ ⎞⎛ ⎞= − − + −⎜ ⎟⎜ ⎟
⎝ ⎠⎝ ⎠

 

 9 25 54 2.5
4 4 2

= + = = =  

 Radius: 2.5 

 Equation: ( )
2

23 2 6.25
2

x y⎛ ⎞+ + − =⎜ ⎟
⎝ ⎠
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8. a. (–4, 3) and (5, –2) 

  Slope triangle:  
9
5

−  

  (14, –7) 

  
 b. (3, 4) and (–6, 1) 

  Slope triangle:  
3
1  

  (0, 3) 

   
 
9. a. L1:  (–2, 0) and (0, 6) 

  3
2
6

)2(0
06

==
−−
−

=m  

  L2:  (1, 8) and (0, 5) 

  3
1
3

10
85

=
−
−

=
−
−

=m  

  Parallel 
 b. L1:  (1, 10) and (–1, 7) 

  
2
3

2
3

11
107

=
−
−

=
−−

−
=m  

  L2:  (–2, –1) and (1, –3) 

  
3
2

)2(1
)1(3 −
=

−−
−−−

=m  

  Perpendicular 
 

10. a. 23 −= xy  

   

 b. 1
2
3

+−= xy  

   
 
11. a. 632 =+ yx  
  x–intercept: (3, 0) y–intercept: (0, 2) 

  
3
62
6)0(32

=
=
=+

x
x

x
 

( )

2
63
6302

=
=
=+

y
y
y
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 b. 2
3
4

−= xy  

  x–intercept: ⎟
⎠
⎞

⎜
⎝
⎛ 0,

2
3     y–intercept: (0,–2) 

  

x

x

x

x

=

=

=

−=

2
3
4
6

3
42

2
3
40

   

( )
2

20
3
4

−=

−=

y

y

 

  
 
12. a. x = 5; vertical 
 b. y = –4; horizontal 
 c. 2y + x = 5 ; neither 

  
 
13. (–5, –4) (7, 2) (0, 16) 

 2
7

14
70
216

−=
−

=
−
−

=m ; 

 ( ) 2
1

12
6

57
)4(2

==
−−
−−

=m  

 Yes 
 

14. 
3
2

6
4
==m ;  y–intercept (0, 2) 

 When the rodent population increases by 
3000, the hawk population increases by 200. 

 
 
 
15. a. 01234 =−+ yx  

  
4

3
4

1243

+−=

+−=

xy

xy
   

  
3
4

−=m ; y–intercept (0, 4) 

 b. 1535 =− yx  

  
5

3
5

1553

−=

+−=−

xy

xy
 

  
3
5

=m ; y–intercept (0, –5) 

 

16. a. ( ) 1
3
2

+−= xxf  

  
3
2

−=m ; y–intercept (0, 1) 

  Slope falls 

   

 b. ( ) 3
2
5

−= xxh  

  
2
5

=m ; y–intercept (0, –3) 

  Slope rises 

   



Summary and Review 

 206 

17. a. 
3
2

=m ; (1, 4) 

   
 

 b. 
2
1

−=m ; (–2, 3) 

   
 
18. (–2, 5) 
 x = –2; y = 5 
 Point is on y = 5. 
 
19. (1, 2) and (–3, 5) 

 
4
3

13
25

−=
−−
−

=m  

 

( )

4
11

4
3

4
3

4
32

1
4
32

+−=

+−=−

−−=−

xy

xy

xy

 

 

20. 1234 =− yx ; (3, 4) 

 
4

3
4

1243

−=

+−=−

xy

xy
  

 

( )

xy

xy

xy

3
4

4
3
44

3
3
44

=

−=−

−=−

 

 ( ) xxf
3
4

=  

 

21. 
5
2

=m ; y–intercept (0, 2) 

 2
5
2

+= xy  

 When the rabbit population increases by 
500, the wolf population increases by 200. 

 

22. a. 
2

15
−=m ; (6, 60) 

  

( )

105
2

15

45
2

1560

6
2

1560

+−=

+−=−

−−=−

xy

xy

xy

 

 b. x–intercept: (14, 0); y–intercept: (0,105) 

  

150 105
2

15105
2

x

x

= − +

− = −
 

  
210 15
14

x
x

− = −
=

 

  
( )

105

1050
2

15

=

+−=

y

y
 

 c. ( ) 105
2

15
+−= xxf   
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 d. ( ) ( ) 10520
2

1520 +−=f  

  
;45

105150
−=

+−=
 

  

x
x

x

x

=
−=−

−=−

+−=

12
15180
2

1590

105
2

1515

 

 
23. a. ( ) 4 5f x x= +  

 
4 5 0
4 5

5
4

x
x

x

+ ≥
≥ −

≥ −

 

 5 ,
4

x ⎡ ⎞∈ − ∞⎟⎢⎣ ⎠
 

 b. 2

4( )
6

xg x
x x

−
=

− −
 

  

2 6 0
( 3)( 2) 0

3 0 or 2 0
3      or 2

x x
x x

x x
x x

− − =
− + =
− = + =
= = −

 

  These values must be excluded because 
they cause division by zero. 

  ( ) ( ) ( ), 2 2,3 3,x∈ −∞ − ∪ − ∪ ∞  
 
24. 2( ) 2 3h x x x= −  

 ( ) ( )2( 2) 2 2 3 2 14;h − = − − − =  

 
22 2 2 8 6 262 3 ;

3 3 3 9 3 9
h⎛ ⎞ ⎛ ⎞ ⎛ ⎞− = − − − = + =⎜ ⎟ ⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠ ⎝ ⎠

 

 ( ) ( )2 2(3 ) 2 3 3 3 18 9h a a a a a= − = −  
 
25. It is a function. 
 
26. I. a. }5,4,3,2,1,0,1{−=D  
   }4,3,2,1,0,1,2{ −−=R   
  b.  f(2) = 1 
  c.  When f(x) = 1, x = 2 
 
 II. a. ( ),x∈ −∞ ∞  

   ( ),y∈ −∞ ∞   
  b.  f(2) = –1 
  c.  When f(x) = 1, x = 3 
 

 III. a. ),3[ ∞−∈x  
   ),4[ ∞−∈y   
  b. f(2) = –1.5 
  c. When f(x) = 1, x = –3 or 3 
 
27. ( )∞−∞∈ ,: xD  
 [ )∞−∈ ,5: yR  
 ( ) ( )∞∈↑ ,2: xxf  
 ( ) ( ): , 2f x x↓ ∈ −∞  
 ( ) 0>xf : ( ) ( )∞∪−−∞∈ ,51,x  
 ( ) 0<xf : ( )5,1−∈x  
 
28. [ )∞−∈ ,3: xD  
 ( )0,: −∞∈yR  
 ( ) :↑xf  None 
 ( ) ( )∞−∈↓ ,3: xxf  
 ( ) 0>xf : None 
 ( ) 0<xf : ( )∞−∈ ,3x  
 
29. ( )∞−∞∈ ,: xD  
 ( )∞−∞∈ ,: yR  
 ( ) ( ) ( )∞∪−∞−∈↑ ,13,: xxf  
 ( ) ( )1,3: −∈↓ xxf  
 ( ) 0>xf : ( ) ( )∞∪−−∈ ,41,5x  
 ( ) 0<xf : ( ) ( )4,15, −∪−−∞∈x  
 
30. a. ( )5 3( ) 2f x x x− = − − −  

 5 32x x= − + , odd 

 b. ( )
3

4( ) xg x x
x
−

− = − −
−

 

  
3

4 xx
x

= − , even 

 c. ( ) ( )3( ) 3p x x x− = − − −  

  ( )3( ) 3p x x x− = + , neither 

 d. 
( )2

( )
x x

q x
x

− − −
− =

−
 

  
( )2x x

x
−

=
−

, odd 
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31. a. 
( ) ( )

( )
2 1

2 1

5 4 3 4
5 3

f x f x
x x
− + − − +

=
− − −

 

  3 1 1
8 4
−

= =  

  Graph is rising to the right. 

 b. ( ) ( )j x h j x
h

+ −  

  
( ) ( ) ( )2 2x h x h x x

h

+ − + − −
=  

  
2 2 22x xh h x h x x

h
+ + − − − +

=  

  
22 2 1xh h h x h

h
+ −

= = − +  

  
2, 0.01

2(2) 1 0.01 3.01
x h= =

− + =
 

 
32. Zeroes: (–6, 0), (0, 0), (6, 0), (9, 0) 
 Minimum: (–3, –8), (7.5, –2) 
 Maximum: (–6, 0), (3, 4) 

  
 
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. ( ) [ ), , 4,x y∈ −∞ ∞ ∈ − ∞  
 
34. Square root function 
 a. down on the right 
 b. x–intercept: (0,0) 
  y–intercept: (0,0) 
 c. Initial point: (–1,2) 
 d. [ ) ( ]1, , ,2x y∈ − ∞ ∈ −∞  
 

35. Cubing function 
 a. down on left/up on right 
 b. x–intercepts: (–2,0), (–1,0), (4,0) 
  y–intercept: (0,2) 
 c. Inflection point: (1,0) 
 d. ( ) ( ), , ,x y∈ −∞ ∞ ∈ −∞ ∞  
 
36. Absolute value function 
 a. down on left/ down on right 
 b. x–intercepts: (–1,0), (3,0) 
  y–intercept: (0, 1) 
 c. Vertex: (1,2) 
 d. ( ) ( ], , , 2x y∈ −∞ ∞ ∈ −∞  
 
37. Cube root 
 a. up on left/ down on right 
 b. x–intercept: (1,0) 
  y–intercept: (0,1) 
 c. Inflection: (1,0) 
 d. ( ) ( ), , ,x y∈ −∞ ∞ ∈ −∞ ∞  
 
38. ( ) ( ) 52 2 −+−= xxf ; Quadratic 

  
 
39. ( ) 32 += xxf ; Absolute Value 
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40. ( ) 13 −= xxf ; Cubic 

  
 
41. ( ) 25 +−= xxf ; Square Root 

  
 
42. ( ) 3 2+= xxf ; Cube Root 

  
 

43. a. ( )2−xf  
  Right 2 

  
 
 b. ( ) 4f x− +  
  Reflect, up 4 

  

 c. ( )xf
2
1  

  Compressed down 

  
 

44. a. ( )
⎪
⎩

⎪
⎨

⎧

>−−

≤<−+−
−≤

=

3    133

33             1
3               5     

xx

xx
x

xf  

  51 =Y ; 12 +−= xY ; 1333 −−= xY  
 b. [ )∞−∈ ,2: yR  
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45. ( )
2 2 15       3

3
         6          3

x x xh x x
x

⎧ − −
≠ −⎪= +⎨

⎪ − = −⎩

 

 ( )∞−∞∈ ,x  
 ( ) ( )∞−∪−−∞∈ ,88,y  
 Discontinuity at x = –3 
 Define ( ) 8−=xh  at 3−=x  

  
   

46. ( )
⎪
⎪
⎩

⎪⎪
⎨

⎧

≥−

<≤−−−

−<−

=

3       93

32        2
2          4     

xx

xx
x

xp  

 ( ) 44 −=−p ; 
 ( ) 422222 −=−−=−−−=−p ; 

 ( ) 5.425.225.25.2 −=−−=−−=p ; 

 ( ) 99.4299.2299.299.2 −=−−=−−=p ; 

 ( ) 9333 −=p ; 

 ( ) 95.335.3 −=p  
 

47. ( )
⎪
⎪
⎩

⎪⎪
⎨

⎧

≥−−

<<−+−

−≤−−−

=

3        432

33             22
3     432

xx

xx
xx

xq  

  
 ( )∞−∞∈ ,: xD  
 [ )∞−∈ ,4: yR  
 
 

48.  

  

 ( )
20                  2
30 20    2 4
40 60         4

x x
f x x x

x x

≤⎧
⎪= − < ≤⎨
⎪ − >⎩

 

 
49. ( ) xxxf 42 +=  and ( ) 23 −= xxg  

 

( )( ) ( ) ( )

27

234
2

2

−+=

−++=

+=+

aa

aaa

agafagf

 

 
50. ( ) xxxf 42 +=  and ( ) 23 −= xxg  

 

( )( ) ( ) ( )
( ) ( )( ) ( )( )
( )( )
( )( )
147

721
29129

233343

333
2

=
=

−+=
−+=

⋅=⋅ gfgf

 

 
51. ( ) xxxf 42 +=  and ( ) 23 −= xxg  

 ( )
23
42

−
+

=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
x

xxx
g
f

 

 ⎟
⎠
⎞

⎜
⎝
⎛ ∞∪⎟

⎠
⎞

⎜
⎝
⎛ ∞−∈ ,

3
2

3
2,: xD  

 
52. ( ) 34 −= xxp ; ( ) xxxq 22 += ; 
 ( )( ) ( )[ ]xqpxqp =o  
 ( )( ) 34 −= xq  

 ( )
384

324
2

2

−+=

−+=

xx

xx  

 
53. ( ) 34 −= xxp ; ( ) xxxq 22 += ; 
 ( )( ) ( )[ ]33 pqpq =o  
 ( ) ( ) 93123343 =−=−=p  

 ( ) ( ) ( ) 9918819299 2 =+=+=q  
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54. ( ) 34 −= xxp ; ( ) xxxq 22 += ; and 

( )
4

3+
=

xxr ; 

 
( )( ) ( )[ ]

( )( ) 34 −=
=

xr
xrpxrp o

 

 
;

33

3
4

34

x
x

x

=
−+=

−⎟
⎠
⎞

⎜
⎝
⎛ +

=

 

 
( )( ) ( )[ ]

( )
4

3+
=

=
xp

xprxpr o
 

 

x

x

x

=

=

+−
=

4
4

4
334

 

 
55. ( ) 123 +−= xxh ; 

 ( ) 1+= xxf ; 
 ( ) 23 −= xxg  
 

56. ( )
2 1
3 33 10h x x x= − −  

 ( ) 1032 −−= xxxf  

 ( ) 3
1

xxg =  
 
57. ( ) 32 += ttr  

 ( ) ( )232 += ttA π  
 
58. a. ( )( 2) ( 2) ( 2)f g f g+ − = − + −  
 1 5 4= − + =  
 b. ( )( )(5) (5)g f g f=o  
  (0) 7g =  
 c. ( )(7) (7) (7)g f g f− = −  
  ( )5 1 6= − − =  

 d. (10) 1(10)
(10) 5

g g
f f

= = −  

 e. ( )(3) (3) (3) 7(2) 14f g f g= = =� �  
 
 

Chapter 2 Mixed Review 
 
1. 4 3 12x y+ =  

 
3 4 12

4 4
3

y x

y x

= − +

= − +
 

 
2. 2 8x y− =  

 
2 8

1 4
2

y x

y x

− = − +

= −
 

 Slope: 1
2

; Slope of perpendicular line: –2 

 
3 2( 1)
3 2 2

2 5

y x
y x
y x

− = − −
− = − +
= − +

 

 

3. a. 2

1( )
5 4

xf x
x x

+
=

− +
 

 

2 5 4 0
( 4)( 1) 0

4 0 or 1 0
4      or 1

x x
x x

x x
x x

− + =
− − =
− = − =
= =

 

 These values are restricted because they 
cause division by zero. 

 Domain: ( ) ( ) ( ),1 1,4 4,−∞ ∪ ∪ ∞  

 b. 1( )
2 3

g x
x

=
−

 

  Set the radicand greater than zero. (Zero 
must be excluded because the radical is 
in the denominator. 

  
2 3 0
2 3

3
2

x
x

x

− >
>

>

 

  Domain: 3 ,
2

⎛ ⎞∞⎜ ⎟
⎝ ⎠
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4. 2( ) 3 1p x x x= − + −  

 a. 
21 1 13 1

3 3 3
p ⎛ ⎞ ⎛ ⎞ ⎛ ⎞− = − − + − −⎜ ⎟ ⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠ ⎝ ⎠

 

  1 191 1
9 9

= − − − = −  

 b. ( ) ( ) ( )23 3 3 3 1p a a a= − + −  

  29 9 1a a= − + −  
 c. ( ) ( ) ( )21 1 3 1 1p a a a− = − − + − −  

  ( )2

2

2 1 3 3 1

5 5

a a a

a a

= − − + + − −

= − + −
 

 

5. 3
2

m = − ; y–intercept (0,–2) 

 3 2
2

y x= − −  

 
6. a. [ ]Domain: 4,3−  
 b. (2) 3;g =  
 c. ( ) 3; 4g k k= − = −  
 
7. 1 : ( 3,7), (2, 2)L −  

 Slope: 
( )

2 7 1;
2 3

−
= −

− −
 

 2 : (2,2), (5,5)L  

 Slope: 5 2 1;
5 2
−

=
−

 

 Lines are perpendicular. Vertex of right 
angle is (2, 2). 

 Radius: distance between (–3,7) and (2,2). 

 ( )( )2 22 3 (2 7) 50d = − − + − = ; 

 Center (2,2), radius 50  
 Equation: ( ) ( )2 22 2 50x y− + − =  
 
8. End behavior: up, up; Vertex: (1,–4) 
 ( ) ( ) ( )1; 1,0 , 3,0 , 0, 3x = − −  
 

9. 3 2
5

y x= −  

 y–intercept (0,–2) 
 

 
 

10. ( )24( ) 4 , 0
3

f x x x f x= − <  

 ( ) ( ),0 3,−∞ ∪ ∞  
 
11. a. ( ) xxxp 82 2 +−=  

  
  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]. 

  2
1

68
12

)1()2(
=

−
=

−
−

=
Δ
Δ pp

x
p

; 

  ( ) 14
1

)24(10
21

)2()1(
=

−−−
=

−−−
−−−

=
Δ
Δ pp

x
p

 

 b. ( ) 0.071000 tA t e=  

 0.07(10.01) 0.07(10)

For [10,10.01],
1000 1000 141.0;

10.01 10
e e−

≈
−

 

 0.07(15.01) 0.07(15)

For [15,15.01],
1000 1000 200.1;

15.01 15
e e−

≈
−

 

 0.07(20.01) 0.07(20)

For [20,20.01],
1000 1000 284.0;

20.01 20
e e−

≈
−

 

 In the interval: [15, 15.01] 
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12. 2

3( ) , ( ) 3 2
1

f x g x x
x

= = −
−

 

 
2

13 2
1 2

32
1 1
2

g
f

⎛ ⎞ −⎜ ⎟⎛ ⎞ ⎝ ⎠=⎜ ⎟
⎝ ⎠

⎛ ⎞ −⎜ ⎟
⎝ ⎠

 

 

3 4
1 32 2

3 32
1 4 4
4 4

⎛ ⎞− ⎜ ⎟
= = − ÷⎜ ⎟−⎜ ⎟⎜ ⎟

⎝ ⎠−

 

 1 1 1 14
2 2 4 8

= − ÷− = − ⋅− =  

 

13. 2

3( ) , ( ) 3 2
1

f x g x x
x

= = −
−

 

 ( )
( )2

3( )
3 2 1

f g x
x

=
− −

o  

 2 2

3 3
9 12 4 1 9 12 3x x x x

= =
− + − − +

 

 
( ) 22

3 1
3 4 13 3 4 1 x xx x

= =
− +− +

 

 To find domain, 23 4 1 0x x− + =  

 
( )( )3 1 1 0

1 , 1
3

x x

x x

− − =

= =
 

 Domain: ( )1 1, ,1 1,
3 3

⎛ ⎞ ⎛ ⎞−∞ ∪ ∪ ∞⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠

 

 

14. ( )
⎪
⎩

⎪
⎨

⎧

>+−
≤≤−
<≤

=
15    40 2

158           3
80                 5

xx
xx
x

xh  

  
 

15. 2( ) 1, ( ) 3 2f x x g x x= + = −  

 
( ) ( )f x h f x

h
+ −

 

 
( )2 21 1x h x

h

⎡ ⎤ ⎡ ⎤+ + − +⎣ ⎦⎣ ⎦  

 
2 2 22 1 1x xh h x

h
+ + + − −

=  

 
22 (2 ) 2xh h h x h x h

h h
+ +

= = = + ; 

 
( ) ( )g x h g x

h
+ −

 

 
( ) [ ]3 2 3 2x h x

h
+ − − −⎡ ⎤⎣ ⎦  

 3 3 2 3 2 3 3x h x h
h h

+ − − +
= = = ; 

 
For small , 2 3

3when 
2

h x h

x

+ =

≈
 

  
16. ( ) 2 3 4g x x= − + +  
 Absolute Value, shift left 3, reflect and 

stretch up 4 
 

  
 
17. a. ( ]6,: −∞∈xD  
  ( ]3,: −∞∈yR  
 b. Min: (3, –3) 
  Max: 3=y  for ∈x (–6,–3); (6, 0) 
 c. ( )↑xg : ( ) ( )6,36, ∪−−∞∈x  
  ( )↓xg : ( )3,3−∈x  

  ( ) ( )3,6:constant −−∈xxg  

 d. ( ) ( )1,7:0 −−∈> xxg  

  ( ) ( ) ( )6,17,:0 −∪−∞−∈< xxg  
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18. Zeroes:  (2, 0), (10, 0) 
 Max: (15, 10) 
 Min: (5, –10) 

  
 
19. x–intercepts: (–1, 0), (1.5, 0) 
 y–intercept: (0, 3) 

 
( ) ( )( )

( ) 2

1 1.5

1 3
2 2

f x a x x

f x a x x

= + −

⎛ ⎞= − −⎜ ⎟
⎝ ⎠

 

 

( )2 1 33 0 0
2 2

33
2

2 ;

a

a

a

⎛ ⎞= − −⎜ ⎟
⎝ ⎠

= −

− =

 

 ( ) 22 3f x x x= − + +  
 

20. 96.6
25

174
250
257431

−=
−

=
−
−

=m  

 ( )11 xxmyy −=−  

 
( )

43196.6
096.6431

+−=
−−=−

xy
xy  

 ( ) ( ) 32.2014313396.633 =+−=f  
 201,320 deaths from heart disease in 2008. 
 
 

Chapter 2 Practice Test 
 
1. a. yyx 22 +=  

 b. xy 25−=  
 c. xy =+1  

 d. xxy 22 +=  
 a and c are non–functions, do not pass the 

vertical line test. 
 
2. 1 :L  1552 −=+ yx   

  
3

5
2

1525

−−=

−−=

xy

xy
 

 2 :L  7
5
2

+= xy  

 Neither 
 
3. 4 8x y+ =  

 
4 8

1 2
4

y x

y x

= − +

= − +
 

  
 
4. 2 24 6 3x x y y− + + =  
 2 24 4 6 9 3 4 9x x y y− + + + + = + +  

 ( ) ( )2 22 3 16x y− + + =  
 Center:(2,–3); radius: 4 
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5. 6 5 3x y+ =  

 
6 5 3
5 6 3

6 3
5 5

x y
y x

y x

+ =
= − +

= − +

 

 Slope: 6
5

−  

 Point (2,–2), slope 6
5

−  

 

( ) ( )62 2
5

6 122
5 5

6 2
5 5

y x

y x

y x

− − = − −

+ = − +

= − +

 

 
6. (–20, 15) and (35, –12) 

 a. ( )5.1,5.7
2

1215,
2

3520
=⎟

⎠
⎞

⎜
⎝
⎛ −+−

=M  

 b. ( ) ( )22 12153520 ++−−=d  

  ( ) ( )2 255 27

3025 729

d

d

= − +

= +
 

 3754
61.27 miles

d
d
=

≈
 

 
7. L1: x = –3  
 L2:  y = 4 
 
8. a. }6,4,2,0,2,4{ −−∈x  
  }3,2,1,0,1,2{ −−∈y  
 b. ]6,2[−∈x  
  ]4,1[∈y  
 
9. a. W(24) = 300 
 b. h = 30 when W(h) = 375 
 c. (20, 250) and (40, 500) 

  
2
25

20
250

2040
250500

==
−
−

=m  

  ( ) hhW
2
25

=  

 d. Wages are $12.50 per hour. 
 e. [0, 40]h∈  
  [0,500]w∈  
 

10. Graph I 
 a. Square Root 
 b. ),4[ ∞−∈x  
  ),3[ ∞−∈y  
 c. x–intercept: (–2, 0) 
  y–intercept: (0, 1) 
 d. Up on right 
 e. ),2( ∞−  
 f. )2,4[ −−  
 Graph II 
 a. Cubic 
 b. ),( ∞−∞∈x  
  ),( ∞−∞∈y  
 c. x–intercept: (2, 0) 
  y–intercept: (0, –1) 
 d. Down on left, up on right 
 e. ),2( ∞  
 f. )2,(−∞  
 Graph III 
 a. Absolute value 
 b. ),( ∞−∞∈x  
  ]4,(−∞∈y  
 c. x–intercepts: (–1, 0) and (3, 0) 
  y–intercept: (0, 2) 
 d. Down/down 
 e. (–1, 3) 
 f. ( )∞∪−−∞ ,3)1,(  
 Graph IV 
 a. Quadratic 
 b. ),( ∞−∞∈x  
  ],5.5[ ∞−∈y  
 c. x–intercepts: (0, 0) and (5, 0) 
  y–intercept: (0, 0) 
 d. Up/up 
 e. ( )∞∪−∞ ,5)0,(  
 f. (0, 5) 
 

11. 
2

2

2( ) xf x
x
−

=  

 a. 

2

2

2 42 2
2 3 9

43 2
93

f

⎛ ⎞ ⎛ ⎞− −⎜ ⎟ ⎜ ⎟⎛ ⎞ ⎝ ⎠ ⎝ ⎠= =⎜ ⎟
⎝ ⎠ ⎛ ⎞

⎜ ⎟
⎝ ⎠

 

  

14
14 4 79

4 9 9 2
9

= = ÷ =  
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 b. ( ) ( )
( )

2

2

2 3
3

3

a
f a

a

− +
+ =

+
 

  ( )2 2

2 2

2 6 9 2 6 9
6 9 6 9

a a a a
a a a a
− + + − − −

= =
+ + + +

 

  
2

2

6 7
6 9

a a
a a
− − −

=
+ +

 

 c. ( ) ( )
( )

2

2

2 1 2
1 2

1 2

i
f i

i

− +
+ =

+
 

  ( )2 2

2

2 1 4 4 2 1 4 4
1 4 4 1 4 4

i i i i
i i i

− + + − − −
= =

+ + + −
 

  1 4 4 5 4
3 4 3 4

i i
i i

− + −
= =

− + − +
 

  
2

2

5 4 3 4 15 20 12 16
3 4 3 4 9 16

i i i i i
i i i

− − − − − + +
= ⋅ =
− + − − −

 

  15 8 16 31 8
9 16 25

i i− − − − −
= =

+
 

  31 8
25 25

i= − −  

 
12. 2( ) 2, ( ) 3 1f x x g x x= + = −  

 ( )( ) ( )2
3 1 2 3 1 2f g x x x= − + = − +o  

 3 1x= + ; 
 To find domain: 3 1 0x − ≥  

 
3 1

1
3

x

x

≥

≥
 

 Domain: 1 ,
3

x ⎡ ⎞∈ ∞⎟⎢⎣ ⎠
 

 
13. 2( ) 2 3S t t t= −  
 a. No, new company and sales should be 

growing. 
 b. [ ] ( )2For 5,6 , (5) 2(5) 3 5 35S = − =  

  ( )2(6) 2(6) 3 6 54S = − =  

  Rate of Change: 54 35 19
6 5
−

=
−

 

  [ ] ( )2For 6,7 , (7) 2(7) 3 7 77S = − =  

  Rate of Change: 77 54 23
7 6
−

=
−

 

 

 c. 
( ) ( )2 22 3( ) 2 3t h t h t t

h

+ − + − −
 

  
( )2 2 22 2 3 3 2 3t th h t h t t

h

+ + − − − +
=  

  
2 2 22 4 2 3 2t th h h t

h
+ + − −

=  

  
24 2 3 4 3 2th h h t h

h
+ −

= = − +  

 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,
1 mo

 

  69,000 units in month 18,
1 mo

 

  93,000 units in month 24
1 mo

 

 
14. ( ) 32 +−= xxf  
 Right 2, up 3 

  
 
15. ( ) ( ) 23 2 −+−= xxg  
 Left 3, reflected across x–axis, down 2 
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16. ( ) ttr = ; ( ) 3
3
4 rrV π=  

 a. ( )( ) ( )[ ]trVtrV =o  

  ( ) ( )3
3
4 ttV π=  

 b. ( ) ( )39
3
49 π=V  

  ( ) ( )
( ) 3in369

27
3
49

π

π

=

=

V

V  

17. a. [ )∞−∈ ,4: xD  
  [ )∞−∈ ,3: yR  
 b. ( )1 2.2f − ≈  
 c. ( ) :0<xf ( )3,4 −−∈x  
  ( ) :0>xf ( )∞−∈ ,3x  
 d. ( ) :↑xf ( )4,− ∞  

 ( ) :f x ↓ none 
 e. Parent graph: xy =  
  Graph shifts left 4, down 3 
 4 3y a x= + −  

 

3 0 4 3

3 4 3
3 2 3
6 2
3

a

a
a
a

a

= + −

= −
= −
=
=

 

  343 −+= xy  
 

18. ( )
⎪
⎩

⎪
⎨

⎧

>

≤≤−
−<

=

2     

22     2
2       4

2 xx

xx
x

xh  

 
( )

2

3 4,
( 2) 2( 2) 4,

5 5 6.25
2 2

h
h

h

− =

− = − = −

⎛ ⎞ ⎛ ⎞= =⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠

 

 b.  

  
 
19.  

  
 
20. 

  
 
 

Ch 2 Calculator Exploration 
 
Exercise 1: ( ) ( )25 4 6; 4,6y x= − + + −  
 
Exercise 2: (2, 3), est: (0, 8),  
  computed: (0, 8.0396842), very close 

 
Ch. 2 Strengthening Core Skills 
 

Exercise 1:  ( ) 1282 −−= xxxf  

 ( ) 4
12
8

2
−=

−
=

a
b   
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 ( ) 4+= xxg  
 ( ) ( )[ ] ( )4+== xfxgfxh  

 ( ) ( ) 12484 2 −+−+= xx  

 123281682 −−−++= xxx  
 282 −= x  
 0282 =−x  
 282 =x  
 72±=x ; 

 724 ±  
 
Exercise 2:  ( ) 542 ++= xxxf  

 ( ) 2
12
4

2
==

a
b   

 ( ) 2−= xxg  
 ( ) ( )[ ] ( )2−== xfxgfxh  

 ( ) ( ) 5242 2 +−+−= xx  

 584442 +−++−= xxx  
 12 += x  
 012 =+x  
 12 −=x  
 ix ±=  
 i±−2  
 

Exercise 3:  ( ) 11102 2 +−= xxxf  

 ( ) 2
5

22
10

2
−=

−
=

a
b   

 ( )
2
5

+= xxg  

 ( ) ( )[ ] ⎟
⎠
⎞

⎜
⎝
⎛ +==

2
5xfxgfxh  

 11
2
510

2
52

2
+⎟

⎠
⎞

⎜
⎝
⎛ +−⎟

⎠
⎞

⎜
⎝
⎛ += xx  

 11
2

5010
4
2552 2 +−−⎟

⎠
⎞

⎜
⎝
⎛ ++= xxx  

 11
2

5010
4

50102 2 +−−++= xxx  

 
2
32 2 −= x  

 0
2
32 2 =−x  

 
2
32 2 =x  

 
4
32 =x  

 
2
3

±=x  

 
2
3

2
5
±  

 
Cumulative Review  
Chapters 1–2 
 
1. ( ) ( )51025 23 −÷−+− xxxx  

 

( ) ( )

( )( )
2

5
25

5
525

2

2

2

+=

−
+−

=

−
−+−

=

x
x

xx
x

xxx

 

 
2. 52 <− x   and  823 <+x  

    
3

3
−>

<−
x
x

        
2
63

<
<

x
x

 

 Solution set:  − 3 < x < 2 
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3. 2 rA π=  
 2 69 rπ=  

 269 r=
π

 

 
221.96

4.686 ;
r
r

≈
≈

 

 ( )
2  
2 4.686
29.45 cm

C r
C
C

π
π

=

=

≈

 

 
4. rhrA  2 2 2 ππ +=  
 0 2 2 2 =−+ Arhr ππ  

 
( ) ( )( )

( )π
πππ

22
24 2 2 2 Ahh

r
−−±−

=  

 
( )

π
πππ

4
244 2 22 Ahh

r
+±−

=  

 
( )
π

πππ
4

24 2 22 Ahh
r

+±−
=  

 
π

πππ
4

22 2 22 Ahhr +±−
=  

 
π

πππ
2

2 22 Ahhr +±−
=  

 
5. ( ) ( ) 714532 −+=+−− xxx  

   

1
33

3467
744526

=
=

−=−
−+=++−

x
x

xx
xxx

 

 

6. 
9
4

3
2

27
8

27
8

8
27 22

33
2

3
2

=⎟
⎠
⎞

⎜
⎝
⎛=⎟

⎟
⎠

⎞
⎜
⎜
⎝

⎛
=⎟

⎠
⎞

⎜
⎝
⎛=⎟

⎠
⎞

⎜
⎝
⎛

−

 

 
7. a. (–4, 7) and (2, 5) 

  
3
1

6
2

24
57

−=
−

=
−−
−

=m   

 b. 2053 =− yx  

  
4

5
3

2035

−=

+−=−

xy

xy
 

  
5
3

=m  

 
 

8. a. ( ) 32 +−= xxf  
  Right 2, up 3 

   
 b. ( ) 32 −+−= xxf  
  Left 2, reflected across x-axis, down 3 

   
 

9. (–3, 2); 
2
1

=m  

  

 

( )

2
7

2
1

2
3

2
12

3
2
12

+=

+=−

+=−

xy

xy

xy
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10. 02622 =+− xx  

 

( ) ( )

00
02610225101
02610225101

02651251
2

2

=
=+−−−+
=+−−++

=++−+

ii
iii

ii

 

 
11. ( ) xxxf 63 2 −=  and ( ) 2−= xxg  

 

( )( ) ( ) ( )
( )( )

xxx

xxxx

xxx

xgxfxgf

12123

12663

263

23

223

2

+−=

+−−=

−−=

⋅=⋅

 

 

( )( ) ( )
( )

( )

;2;3
2
23

2
63 2

≠=

−
−

=

−
−

=

=÷

xx
x
xx

x
xx

xg
xfxgf

 

 ( )( ) ( )[ ];22 −=− fgfg o  

 ( ) ( ) ( ) ;2426232 2 =−−−=−f  
 ( ) 2222424 =−=g  
 

12. 2
3
1

−= xy ; y–intercept:  (0, –2); 

 
3
1

=m  

  
 

13. ( )
⎪⎩

⎪
⎨
⎧

≤≤−
<−=

82        1
2     42

xx
xxxf  

 a. ( ]8,: −∞∈xD  
  [ )∞−∈ ,4: yR  

 b. ( ) ( ) 549433 2 =−=−−=−f ; 

  ( ) ( ) 341411 2 −=−=−−=−f ; 

  ( ) ( ) 341411 2 −=−=−=f ; 
  ( ) 1122 =−=f ; 
  ( ) 2133 =−=f  
 c. (–2, 0) 
 d. ( ) :0<xf ( )2,2−∈x  
  ( ) :0>xf ( ) [ ], 2 2,8x∈ −∞ − ∪  
 e. Max: (8, 7) 
  Min: (0, –4) 
 f. ( ) :↑xf ∈x  (0, 8) 
  ( ) :↓xf ∈x ( )0,−∞  

  
 
14. ( ) 2xxf =  and ( ) 3xxg =  

 a. 
( ) ( )

1.1
5.06.0

5.06.0
=

−
−

=
Δ
Δ ff

x
f

; 

  
( ) ( )

91.0
5.06.0

5.06.0
=

−
−

=
Δ
Δ gg

x
g

; 

  ( )xf  increases faster. 

 b. 
( ) ( )

1.3
5.16.1

5.16.1
=

−
−

=
Δ
Δ ff

x
f

; 

  
( ) ( )

21.7
5.16.1

5.16.1
=

−
−

=
Δ
Δ gg

x
g

; 

  ( )xg  increases faster 
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15. a. 
2

1
103

2
2 +

+
−−

−
xxx

 

  ( )( ) 2
1

25
2

+
+

+−
−

=
xxx

 

  ( )( ) ( )( )25
)5(1

25
2

+−
−

+
+−

−
=

xx
x

xx
 

  ( )( )25
52
+−
−+−

=
xx
x  

  ( )( )25
7
+−

−
=

xx
x  

 b. 
2

2

22

2

2

2

4
4

4
4

44 a
acb

a
ac

a
b

a
c

a
b −

=−=−  

 

16. a. 
2

23
2
5

4
2610

4
7210

+−=
+−

=
+−  

 b. 
2
2

2
2

2
1

2
1

=⋅=  

 
17. a. RQWZN ⊂⊂⊂⊂  
  False 
 b. RQZNW ⊂⊂⊂⊂  
  False  
 c. RQZWN ⊂⊂⊂⊂  
  True 
 d. WQZRN ⊂⊂⊂⊂  
  False 
 
18. No; Raphael is grouped with The School of 

Athens and Parnassus.  Michelangelo 
corresponds to no element of the second set. 

 

19. xx 20492 2 −=+  
 049202 2 =++ xx  
 49202 2 −=+ xx  

 
2
49102 −

=+ xx  

 25
2
4925102 +−=++ xx  

 ( )
2
15 2 =+x  

 
2
15 ±=+x  

 
2
25 ±=+x  

 ;
2
25±−=x  

 707.5
293.4

−≈
−≈

x
x  

 
20. 51202 2 −=+ xx  
 051202 2 =++ xx  

 
( )

)2(2
)51)(2(42020 2 −±−

=x  

 
4

40840020 −±−
=x  

 
4

820 −±−
=x  

 
4

2220 ix ±−
=  

 
2
25 ix ±−=  

 
21. Let w represent the width. 
 Let l represent the length. 

 
( )

( )( )47310
1457160

161457
2

+−=
−+=

+=
=

ww
ww

ww
lwA

 

 w = 31 cm; l = 47 cm 
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22. a. ( ) 22 2520452 iii ++=+  
  ii 202125204 +−=−+=  

 b. 
i
i

i
i

i
i

21
21

21
21

21
21

−
−

⋅
+
−

=
+
−  

  

ii

i
i

ii

5
4

5
3

5
43

41
441

41
441
2

2

−−=
−−

=

+
−−

=
−

+−
=

 

 
23. a. 2076 2 =− xx  

  
( )( ) 05243

02076 2

=−+
=−−

xx
xx  

  
2
5;

3
4

=−= xx  

 b. xxx 3155 23 =−+  

  
( ) ( )

( ) ( )
( )( ) 035

0535

01535

01535

2

2

23

23

=−+

=+−+

=+−+

=−−+

xx

xxx

xxx

xxx

 

  3;3;5 −==−= xxx  
 

24. 
2
1

1 =m ; 22 −=m ; (1, 2) 

 
( )

42
222
122

+−=
+−=−
−−=−

xy
xy
xy

 

 

25. (–4, 5), (4, –1), (0, 8) 

 

( ) ( )

( ) ( )

;10
100

68

1544

22

22

=
=

+−=

++−−=

d
d

d

d

 

 

( ) ( )

( ) ( )

;85.9
97

94

8104

22

22

≈
=

−+=

−−+−=

d
d

d

d

 

 

( ) ( )

( ) ( )

;5
25

34

8504

22

22

=
=

−+−=

−+−−=

d
d

d

d

 

 10 97 5 15 97
15 9.85 24.85 units

P = + + = +
≈ + ≈

 

 No it is not a right triangle. 

 ( ) 222 10975 ≠+  
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Connections  
to Calculus Chapter 2 
 
1. a. ( ) 3 5f x x= − +  

  
( )

( ) ( )

3( ) 5 ( 3 5)

f x h f x
h
x h x

h

+ −

− + + − − +
=

 

  3 3 5 3 5 3 3x h x h
h h

− − + + − −
= = = −  

 b.  2 : as 0, 3 remains constantx h= → −  
 

2. a. 2( ) 7
3

g x x= −  

  

( ) ( )

2 2( ) 7 7
3 3

g x h g x
h

x h x

h

+ −

⎛ ⎞ ⎛ ⎞+ − − −⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠=

 

  

2 2 27 7
3 3 3

x h x

h

⎛ ⎞+ − − +⎜ ⎟
⎝ ⎠=  

  

2
23
3

h

h
= =  

 b. 22 : as 0,  remains constant
3

x h= →  

 
3. a. 2( ) 3h x x x= −  

  
( )( ) ( )2 2

( ) ( )

( ) 3 3

h x h h x
h

x h x h x x

h

+ −

+ − + − −
=

 

  
2 2 22 3 3 3x xh h x h x x

h
+ + − − − +

=  

  
( )2 2 32 3 h x hxh h h

h h
+ −+ −

= =  

  2 3x h= − + , 0h ≠  
 b. 2 : as 0, 2(2) 3 1x h h= → − + →  
 

4. a. 2( ) 2 3 7r x x x= − + +  

  ( ) ( )r x h r x
h

+ −

 ( )( ) ( )2 22( ) 3 7 2 3 7x h x h x x

h

− + + + + − − + +
=

 ( )2 2 22 2 3 3 7 2 3 7x xh h x h x x

h

− + + + + + + − −
=

 
2 2 22 4 2 3 3 7 2 3 7x xh h x h x x

h
− − − + + + + − −

=

 ( )2 4 2 34 2 3 h x hxh h h
h h

− − +− − +
= =  

  4 3 2x h= − + − , 0h ≠  
 b. 2 : as 0, 4(2) 3 2 5x h h= → − + − → −  
 

5. a. 1( )f x
x

=  

  
( )

( ) ( )

1 1

f x h f x
h

x h x
h

+ −

−
+

=

 

  

1 1x x h
x x h x x h

h

+
⋅ − ⋅

+ +=  

  ( )
( ) 1

x x h h
x x h
− +

= ÷
+

 

  1
( )

x x h
x x h h
− −

= ⋅
+

 

  1
( ) ( )

h
hx x h x x h

− −
= =

+ +
 

 b. 1 12 : as 0,
2(2 ) 4

x h
h

−
= → → −

+
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6. a. 3( )
1

g x
x

=
+

 

  
( )

( ) ( )

3 3
1 1

g x h g x
h

x h x
h

+ −

−
+ + +

=

 

  1 3 3 1
1 1 1 1 1

x x h h
x x h x x h
+ + +⎛ ⎞= ⋅ − ⋅ ÷⎜ ⎟+ + + + + +⎝ ⎠

 

  
( )( )

( )
( )( )

3 3 33 3 1
1 1 1 1

x hx
x x h x x h h

⎛ ⎞+ ++
= − ⋅⎜ ⎟⎜ ⎟+ + + + + +⎝ ⎠

 

  
( ) ( )
3 3 3 3 3

1 1
x x h
x h x h
+ − − −

=
+ + +

 

  
( ) ( )

3
1 1

h
x h x h

−
=

+ + +
 

  
( )( )

3
1 1x x h
−

=
+ + +

 

 

b. 
( )

3 12 : as 0,
2 1 (2 1) 3

x h
h

−
= → → −

+ + +
 

 

7. a. 2

1( )
2

h x
x

=  

  
( )2 2

( ) ( )

1 1
22

h x h h x
h

xx h
h

+ −

−
+

=

 

  
( )

( )
( )

22

2 2 2 2

1 1
122

x hx h
x xx h x h

⎛ ⎞+
⎜ ⎟= ⋅ − ⋅ ÷
⎜ ⎟+ +⎝ ⎠

 

  
( )

( )

2 2 2

22

2 1
2

x x xh h

hx x h

⎛ ⎞− + +
⎜ ⎟= ⋅
⎜ ⎟+⎝ ⎠

 

  
( )

2 2 2

22

2
2

x x xh h
x x h h
− − −

=
+

 

  
( )

2

22

2
2

xh h
x x h h
− −

=
+

 

  
( )
( )22

2

2

h x h

x x h h

− −
=

+
 

  
( )22

2
2

x h
x x h
− −

=
+

 

 

b. 
( )

( ) ( )2 2

2 2 12 : as 0,
82 2 2

h
x h

h

− −
= → → −

+
 

 
8. a. 3( ) 2 2r x x x= − −  

  
( ) ( ) ( )3 3

( ) ( )

2 2 2 2

r x h r x
h

x h x h x x

h

+ −

+ − + − − − −
=

 

 
3 2 2 3 33 3 2 2 2 2 2x x h xh h x h x x

h
+ + + − − − − + +

=

 
2 2 33 3 2x h xh h h

h
+ + −

=  

  
( )2 23 3 2h x xh h

h

+ + −
=  

  2 23 3 2, 0x xh h h= + + − ≠  
b.  2 :x =  

 ( ) ( )2 2as 0,3 2 3 2 2 10h h h→ + + − →  
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9. ( ) 3, 0 to 8v t t t= = =  
 3 8 24A LW= = ⋅ =  
 Distance 24 ft 
 

  
 
10. ( ) 3, 0 to 8v t t t t= + = =  

 ( )1 2
1
2

A b b h= +  

 ( )1 3 11 8 56
2

A = + =  

 Distance 56 ft 
 

  
 

11. ( ) 4 7v t t= − − +  

 1
2

A bh lw= +  

 ( )1 8 4 8 3 40
2

A = + ⋅ =  

 Distance 40 ft 
 

  
 
12. 21( ) ( 4) 11

2
v t t= − − +  

 4
3

A ab lw= +  

 ( )4 200 24 8 8 3 66
3 3 3

A = + ⋅ = =  

 Distance 266
3

 ft 

 

  
 
 


