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Chapter 4 
Additional Topics with Functions 
 
Toolbox Exercises 
 
1. Since the reciprocal function has the form, 

1
( )f x

x
= , and since x cannot = 0, the 

domain of the reciprocal function is 
( ,0) (0, )−∞ ∪ ∞ .  In this function, f(x) also 
cannot = 0, so the range of the reciprocal 
function is also ( ,0) (0, )−∞ ∪ ∞ . 

 
 
2. Since the constant function has the form, 

( )g x k= , there is no restriction on the value 
of x while the value of g(x) can only equal 
whatever the value of k is.  Thus the domain 
of the constant function is ( , )−∞ ∞ and the 

range is{ }k . 

 
 
3. As shown in the model, there is no interval 

where the reciprocal function increases, so 
the function decreases on its entire domain, 
( ,0) (0, )−∞ ∪ ∞ . 

 

  

 
 
4. As shown in the model, the absolute value 

function increases on the interval (0, )∞ , and 
it decreases on the interval ( ,0)−∞ . 

 

  

 
 
5. As shown in the model, the range of the 

squaring function is[0, )∞ . 
  

  

 
  
6. As shown in the model above, the domain of 

the squaring function is ( , )−∞ ∞ . 
 
 
7. As shown in the model, the root function, 

5( )g x x= , is increasing on the interval 
( , )−∞ ∞ . 

 

   
  

[–5, 5] by [–5, 5] 
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8. As shown in the model, the root function, 
4( )h x x= , is increasing on the interval 

[0, )∞ . 
 

  
 

[–5, 5] by [–5, 5] 
 
 
9. As shown in the model, the linear 

function, ( ) 5 0.8f x x= − , is decreasing on 
the interval ( , )−∞ ∞ . 

 

  
 

[–10, 10] by [–10, 10] 
 
 
10. As shown in the model, the reciprocal 

function,
1

( )f x
x

−= , is increasing on the 

interval ( ),0−∞ . 

 

  
 

[–5, 5] by [–5, 5] 
 
 

11.  As shown in the model, the power function, 
2

3( ) 2g x x= − , is decreasing on the interval 
(0, )∞ . 

 

  
 

[–10, 10] by [–10, 10] 
 
 
12.  As shown in the model, the power function, 

1

6( ) 3h x x= , is increasing on the interval 
[0, )∞ . 

 

  
 

[–10, 10] by [–10, 10] 
 
 
13.  This is a cubing function. 
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14.  This is a square root function. 
 

  
 
 
15. This is a power function, with power 1/6. 
 

  
 
 
16.  This is a power function, with power 3− . 
 

  
 
 
17. No, the graph would fail the vertical line 

test. 
 
 
18. No, the graph would fail the vertical line 

test. 
 
 
19. Yes, this is a function since it passes the 

vertical line test. 
 
 

20. Yes, this is a function since it passes the 
vertical line test. 

 
 
21. Yes, this is a function since it passes the 

vertical line test. 
 
 
22. Yes, this is a function since it passes the 

vertical line test. 
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Section 4.1 Skills Check 
 
1. a.  

 

 
 
 

  
 
 b. The graph of the function has a vertical 

shift 5 units up. 
 
 
2. a.  

 

 
  
 

  
 
 b. The graph of the function has a vertical 

shift 3 units up. 

3. a.  

 

 
 
  

  
 
 b. The graph of the function has a 

horizontal shift 4 units right. 
 
 
4. a.  

 

 
 
  

  
 
 b. The graph of the function has a 

horizontal shift 2 units left. 
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5. a.  

 

 
 

  

 
 
 b. The graph of the function has a 

horizontal shift 2 units left and a vertical 
shift 1 unit down. 

 
 
6. a.  

 

 
  
   

 
 
 b. The graph of the function has a 

horizontal shift 5 units right and a 
vertical shift 3 units down. 

7. a.  

 

 
  
  

  
 
 b. The graph of the function has a 

horizontal shift 2 units right and a 
vertical shift 1 unit up. 

 
 
8. a.  

 

 
  
   

 
 
 b. The graph of the function has a 

horizontal shift 3 units left and a vertical 
shift 4 units down. 
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9. a.  

 

 
 
  

  
 
 b. The graph of the function has a vertical 

reflection across the x-axis and then a 
vertical shift 5 units up. 

 
 
10. a.  

 

 
 
  

  
 
 b. The graph of the function has a vertical 

reflection across the x-axis after a 
horizontal shift 2 units right. 

11. a.  

 

 
 
  

  
 
 b. The graph of the function has a vertical 

shift 3 units down. 
 
 
12. a.  

 

 
 
  

  
 
 b. The graph of the function has a vertical 

stretch by a factor of 2 and a horizontal 
shift 1 unit right. 
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13. a.  

 

 
 
  

  
 
 b. The graph of the function has a vertical 

compression by a factor of 1/3. 
 
 
14. a.  

 

 
  
   

 
 
 b. The graph of the function has a vertical 

compression by a factor of 0.4. 
 
 

15. a.  

 

 
  
 

 
 
 b. The graph of the function has a vertical 

stretch by a factor of 3. 
 
 
16. a.  

 

 
 
  

  
 
 b. The graph of the function has a vertical 

stretch by a factor of 4. 
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17. The graph of the function is shifted 2 units 
right and 3 units up. 

 
 
18. The graph of the function is shifted 4 units 

left and 2 units down. 
 
 

19. ( )
3

24y x= +  

 
 

20. ( )
3

24 5y x= − −  

 
 

21. 
3

23 5y x= +  
 
 

22. ( )
2

3
1

6
5

y x= −  

 
 
23. 2( ) 2g x x= − +  
 
 
24. 2( ) 1g x x= − −  
 
 
25. ( ) 3 2g x x= + −  

 
 

26. ( )2
( ) 4 2g x x= − +  

 
 
27. The graph has y-axis symmetry. 
 
 
28. The graph has x-axis and y-axis symmetry. 
 
 
29. The graph has x-axis symmetry. 
 
 
30. The graph has neither x-axis nor y-axis 

symmetry. 
 
 

31. Yes, the graph would have y-axis symmetry. 
 
 
32. Yes, the graph would have y-axis symmetry. 
 
  
33. y-axis symmetry. 

 

( )2 2

Let 

2 3 2 3

x x

y x x

= −

= − − = −
 

 
Since the result matches the original 
equation, the graph of the equation is 
symmetric with respect to the y-axis.   
 

 
 
[–10, 10] by [–10, 10] 
 
 

34. y-axis symmetry. 
 

( )2 2

Let 

4 4

x x

y x x

= −

= − − + = − +
 

 
Since the result matches the original 
equation, the graph of the equation is 
symmetric with respect to the y-axis.   
 

 
 

[–10, 10] by [–10, 10] 
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35. Origin symmetry. 
 

( ) ( )3

3

3

Let ,x x y y

y x x

y x x

y x x

= − = −

− = − − −

− = − +
= −

 

 
Since the result matches the original 
equation, the graph of the equation is 
symmetric with respect to the origin.   
 

 
 

[–10, 10] by [–10, 10] 
 
 

36. Origin symmetry. 
 

( ) ( )3

3

3

Let ,

5

5

5

x x y y

y x x

y x x

y x x

= − = −

− = − − + −

− = −
= − +

 

 
Since the result matches the original 
equation, the graph of the equation is 
symmetric with respect to the origin.   
 

 
 

[–10, 10] by [–10, 10] 
 
 

 
 

37. Origin symmetry. 
 
Let ,

6

6

x x y y

y
x

y
x

= − = −

− =
−

=

 

 
Since the result matches the original 
equation, the graph of the equation is 
symmetric with respect to the origin.   
 

 
 

[–10, 10] by [–10, 10] 
 
 

38. x-axis symmetry. 
 

( )2

2

Let 

3

3

y y

x y

x y

= −

= −

=

 

 
Since the result matches the original 
equation, the graph of the equation is 
symmetric with respect to the x-axis.  Also 
since the given equation is not a function, it 
can not be easily graphed using the graphing 
calculator.  The equation must be rewritten 

as 
3

x
y = ±  

 

 
 
[–10, 10] by [–10, 10] 
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39. x-axis symmetry. 
 

( )22

2 2

Let 

25

25

y y

x y

x y

= −

+ − =

+ =

 

 
Since the result matches the original 
equation, the graph of the equation is 
symmetric with respect to the x-axis.  
  
y-axis symmetry. 
 

( )2 2

2 2

Let 

25

25

x x

x y

x y

= −

− + =

+ =

 

Since the result matches the original 
equation, the graph of the equation is 
symmetric with respect to the y-axis.   
 
origin symmetry. 
 

( ) ( )2 2

2 2

Let ,

25

25

x x y y

x y

x y

= − = −

− + − =

+ =

 

 
Since the result matches the original 
equation, the graph of the equation is 
symmetric with respect to the origin.   
 
Since the given equation is not a function, it 
can not be easily graphed using the graphing 
calculator.  The equation must be rewritten 

as 225y x= ± −  
 

 
 
[–10, 10] by [–10, 10] 
 
 

 

40. x-axis symmetry. 
 

( )22

2 2

Let 

25

25

y y

x y

x y

= −

− − =

− =

 

 
Since the result matches the original 
equation, the graph of the equation is 
symmetric with respect to the x-axis.   

 
 y-axis symmetry. 

 

( )2 2

2 2

Let 

25

25

x x

x y

x y

= −

− − =

− =

 

 
Since the result matches the original 
equation, the graph of the equation is 
symmetric with respect to the y-axis.   
 
origin symmetry. 
 

( ) ( )2 2

2 2

Let ,

25

25

x x y y

x y

x y

= − = −

− − − =

− =

 

 
Since the result matches the original 
equation, the graph of the equation is 
symmetric with respect to the origin.   
 
Since the given equation is not a function, it 
can not be easily graphed using the graphing 
calculator.  The equation must be rewritten 

as 2 25y x= ± −  
 

 
 
[–10, 10] by [–10, 10] 
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41. ( ) 5

1( ) 5

1 5

5

( )

f x x

x

x

x

f x

− = − −

= − −

= − −

= −
=

 

Since ( ) ( )f x f x− = , the function has y-

axis symmetry and is even. 
 
 

42. ( ) ( )

( )

2

2

1 2

2

f x x

x

x

x

− = − −

= − −

= − +

= +

 

Since ( ) ( )f x f x− ≠  and ( ) ( )f x f x− ≠ − , 

the function is neither even nor odd. 
 
 

43. ( ) ( )2

2

3

3

g x x

x

− = − +

= +

 

Since ( ) ( )g x g x− = , the function has y-axis 

symmetry and is even. 
 
 

44. ( ) ( ) ( )3

3

3

1

2
1

2
1

2

f x x x

x x

x x

− = − − −

= − +

⎛ ⎞= − −⎜ ⎟
⎝ ⎠

 

Since ( ) ( )f x f x− = − , the function has 

origin symmetry and is odd. 
 
 

45. ( ) 5

5

5

g x
x

x

x

− =
−

= −

⎛ ⎞= −⎜ ⎟
⎝ ⎠

 

Since ( ) ( )g x g x− = − , the function has 

origin symmetry and is odd. 
 
 

46. ( ) ( ) ( )2

2

4

4

g x x x

x x

− = − + −

= − +

 

Since ( ) ( )g x g x− ≠ and ( ) ( )g x g x− ≠ − , 

the function is neither even nor odd. 
 
 

47. The graph has y-axis symmetry and is 
therefore even. 

 
 
48. The graph has origin symmetry and is 

therefore odd. 
 
 
49. Since this equation’s graph would be a 

parabola opening to the side, it would not be 
a function at all. 

 

  
 
 
50. y = 3 would be the line of symmetry. 

 
 

Section 4.1 Exercises 
 
51. a. This function is a shifted graph of 

( )2 2( )     M x x y x= =  
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 b. ( ) 2

2

3 0.062(3 4.8) 25.4

0.062( 1.8) 25.4

25.199

In 2003, 25.199 million (25,199,000)

people 12 and older used marijuana.

M = − − +

= − − +
=

 

 c.  

   
 
 
52. a. This function is a shifted graph of 

( )3 3s t y x= =  

 

b. 

 
  

 c. ( ) ( )( )
( )

3

3

0.3 27 3 10 0.3

27 3 3

27 0

27

f = − −

= − −
= −
=

 

 
After 0.3 seconds the bullet has traveled 
27 inches. 

 
   
53. a. Since q is in the numerator with an 

exponent of one, 
180

6

q
p

+=  is a linear 

function. 
 

b. Since there is a variable in the 

denominator, 
30,000

20p
q

= −  is a shift 

of the reciprocal function.  It can be 
obtained from the basic reciprocal 
function by a vertical stretch by a factor 
of 30,000 and a shift 20 units down. 

 
 
54. a. Since q is in the numerator and with an 

exponent of one, 58
2

q
p = +  is a linear 

function. 
 

b. Since there is a variable in the 

denominator, 
2555

5
p

q
=

+
 is a shift of the 

reciprocal function.  It can be obtained 
from the basic reciprocal function by a 
vertical stretch by a factor of 2555 and a 
shift five units to the left. 

 
 

55. a. 
1

y
x

= .  Shift one unit left. 

 

 b. 

 
 
 

c. The function is decreasing.  Therefore, 
the amount of self-attentiveness of a 
person decreases as the size of the 
crowd increases. 

 
 

56. a. 
1

10,500
100

C
p

⎛ ⎞
= − ⎜ ⎟−⎝ ⎠

.   

Shift 100 units right, reflect about the p-
axis, and a vertical stretch by a factor of 
10,500. 



212  CHAPTER 4 Additional Topics with Functions  

Copyright ©2013 Pearson Education. Inc. 

 b. 

 
 

 c. 
10,500

100

10,500

100 80
10,500

20
$525

C
p

=
−

=
−

=

=

 

 
 The daily cost of removing 80% of the 

pollution is $525. 
 
 

57. a. Shift 10 units left and one unit down.  
Reflect about the x-axis and a vertical    
stretch by a factor of 1000. 

 

 b. 

 
 

 
58. a. Yes, this is a shifted root function. 
 

b. ( ]0,110  

 
c. Shift 110 units right, reflect about the y-

axis, and stretch vertically by a factor of 
4700. 

 
 

59. ( ) ( )0.464
306.472 5C x x= +  

 
 

60. ( ) ( )0.675
0.084 10V x x= −  

 
 
61. Since in the given function x represents the 

years after 1980, 10x +  represents the years 
after 1990.  Therefore, the new function 
would be 

( ) ( ) ( )2
13.898 10 255.467 10

5425.618

T x x x= − + + +
+

 

 
 
62. Since in the given function x represents the 

years after 2000, 10x −  represents the years 
after 1990.  Therefore, the new function 
would be 

( ) ( ) ( )2
17.560 10 126.488 10

7986.786

A x x x= − − + −
+

 

 
 
63. a. 

( ) ( )4

2005 1980 25

25 0.00056 25

218.75

t

S

= − =

=
≈

 

The number of subscribers in 2005 was 
approximately 218.75 million. 

 
b. Since in the given function t represents 

the years after 1980, 5t +  represents the 
years after 1985.  Therefore, the new 
function would be 

( ) ( )4
0.00056 5C t t= +  

 
c. 

( ) ( )
( )

4

4

2005 1985 20

20 0.00056 20 5

0.00056 25 218.75

t

C

= − =

= +

= =

 

Using the shifted model yields the same 
result as part a) above. 

 
 



CHAPTER 4 Section 4.1  213 

Copyright ©2013 Pearson Education. Inc. 

64. a. ( )

( )

120,000
1200

120,000
100 1200

100
1200 1200

0

Completely impure water is free!

C p
p

C

= −

= −

= −
=

 

 

 b. ( )

( )

120,000
1200

120,000
50 1200

50
2400 1200

1200

C p
p

C

= −

= −

= −
=

 

 
The cost of drinking water that is 50% 
impure is $1200. 
 

 c. It has a vertical stretch by a factor of 
120,000 and a shift down 1200 units. 

 
 
65. a. 

( ) ( )0.775

2013 1970 43

43 638.57 43

11,780

t

P

= − =

=
≈

 

 
The poverty threshold in 2013 is 
approximately $11,780. 
 

b. Since in the given function t represents 
the years since 1970, 20t +  represents 
the years since 1990.  Therefore, the 
new function would be 

( ) ( )0.775
638.57 20S t t= +  

 
 
c. 

( ) ( )
( )

0.775

0.775

2013 1990 23

43 638.57 23 20

638.57 43 11,780

t

S

= − =

= +

= ≈

 

Using the shifted model yields the same 
result. 

 
 

66. a. 

( )

( )

100 10,500

100 10,500

10,500

100

10,500

100

C Cp

C p

C
p

C p
p

− =
− =

=
−

=
−

 

 

 b. ( ) 10,500 10,500
50 210

100 50 50
C = = =

−
 

   
The daily cost of removing 50% of the 
pollution is $210. 

 

 c. ( ) 10,500
99 10,500

100 99
C = =

−
 

 
The daily cost of removing 99% of the 
pollution is $10,500.  The company 
would likely resist such a high daily 
cost. 
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Section 4.2 Skills Check 
 
1. a. ( )( )

( ) ( )
( ) ( )3 5 4

2 1

f g x

f x g x

x x

x

+

= +

= − + −
= −

 

 
 b. ( )( )

( ) ( )
( ) ( )3 5 4

3 5 4

4 9

f g x

f x g x

x x

x x

x

−

= −

= − − −
= − − +
= −

 

 
 c. ( )( )

( ) ( )
( )( )

2

3 5 4

3 17 20

f g x

f x g x

x x

x x

=

= − −

= − + −

i

i

 

 

 d. ( )

( )
( )

3 5

4

f
x

g

f x

g x

x

x

⎛ ⎞
⎜ ⎟
⎝ ⎠

=

−=
−

 

 
 e. ( ) 0

4 0

4

g x

x

x

≠
− =
=

 

Domain: ( ) ( ),4 4,−∞ ∞∪  

 
 
2. a. ( )( )

( ) ( )
( ) ( )2 3 5

2

f g x

f x g x

x x

x

+

= +

= − + −
= +

 

 

 b. ( )( )
( ) ( )

( ) ( )2 3 5

2 3 5

3 8

f g x

f x g x

x x

x x

x

−

= −

= − − −
= − − +
= −

 

 
 c. ( )( )

( ) ( )
( )( )

2

2 3 5

2 13 15

f g x

f x g x

x x

x x

=

= − −

= − + −

i

i

 

 

 d. ( )

( )
( )

2 3

5

f
x

g

f x

g x

x

x

⎛ ⎞
⎜ ⎟
⎝ ⎠

=

−=
−

 

 
 e. ( ) 0

5 0

5

g x

x

x

≠
− =
=

 

Domain: ( ) ( ),5 5,−∞ ∞∪  

 
 
3. a. ( )( )

( ) ( )
( ) ( )2

2

2 1

1

f g x

f x g x

x x x

x x

+

= +

= − + +

= − +

 

 
 b. ( )( )

( ) ( )
( ) ( )2

2

2

2 1

2 1

3 1

f g x

f x g x

x x x

x x x

x x

−

= −

= − − +

= − − −
= − −
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 c. ( )( )
( ) ( )

( )( )2

3 2

2 1

2

f g x

f x g x

x x x

x x x

=

= − +

= − −

i

i

 

 

 d. ( )

( )
( )

2 2

1

f
x

g

f x

g x

x x

x

⎛ ⎞
⎜ ⎟
⎝ ⎠

=

−=
+

 

 
 e. ( ) 0

1 0

1

g x

x

x

≠
+ =
= −

 

Domain: ( ) ( ), 1 1,−∞ − − ∞∪  

 
 
4. a. ( )( )

( ) ( )
( ) ( )2

2

2 2 1

2 1

f g x

f x g x

x x x

x x

+

= +

= − + +

= + +

 

 
 b. ( )( )

( ) ( )
( ) ( )2

2

2

2 2 1

2 2 1

2 3 1

f g x

f x g x

x x x

x x x

x x

−

= −

= − − +

= − − −
= − −

 

 
 c. ( )( )

( ) ( )
( )( )2

3

2 2 1

4

f g x

f x g x

x x x

x x

=

= − +

= −

i

i

 

 

 d. ( )

( )
( )

22 (2 1)

2 1 2 1

f
x

g

f x

g x

x x x x

x x

⎛ ⎞
⎜ ⎟
⎝ ⎠

=

− −= =
+ +

 

 
 e. ( ) 0

2 1 0

1

2

g x

x

x

≠
+ =

= −

 

Domain: 
1 1

, ,
2 2

⎛ ⎞ ⎛ ⎞−∞ − − ∞⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠

∪  

 
 
5. a.  

( )( )
( ) ( )

2

2

1 1

5

:5

5 1 1

5 5

5

5 5

5

5

f g x

f x g x

x

x

LCD x

x x

x x

x x

x x

x x

x

+

= +

+⎛ ⎞ ⎛ ⎞= +⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠

+⎛ ⎞ ⎛ ⎞= +⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠

⎛ ⎞+⎛ ⎞= + ⎜ ⎟⎜ ⎟
⎝ ⎠ ⎝ ⎠

+ +=

 

  
b.  

( )( )
( ) ( )

2

2

1 1

5

:5

5 1 1

5 5

5

5 5

5

5

f g x

f x g x

x

x

LCD x

x x

x x

x x

x x

x x

x

−

= −

+⎛ ⎞ ⎛ ⎞= −⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠

+⎛ ⎞ ⎛ ⎞= −⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠

⎛ ⎞+⎛ ⎞= − ⎜ ⎟⎜ ⎟
⎝ ⎠ ⎝ ⎠
− − +=
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 c. ( )( )
( ) ( )
1 1

5

1

5

f g x

f x g x

x

x

x

x

=

+⎛ ⎞⎛ ⎞= ⎜ ⎟⎜ ⎟
⎝ ⎠⎝ ⎠

+=

i

i

 

 

 d. ( )

( )
( )

( )

1

1
5

1 5

1
5

1

f
x

g

f x

g x

x
x

x x

x x

⎛ ⎞
⎜ ⎟
⎝ ⎠

=

=
+

=
+

=
+

i

 

 
 e. ( )

( )
0

1 0

0, 1

g x

x x

x

≠

+ =
= −

 

Domain: ( ) ( ) ( ), 1 1,0 0,−∞ − − ∞∪ ∪  

 
 
6. a.  

  

( )( )
( ) ( )

2

2

2 1

3

:3

2 3 1

3 3

2 3

3 3

2 3

3

f g x

f x g x

x

x

LCD x

x x

x x

x x

x x

x x

x

+

= +

−⎛ ⎞ ⎛ ⎞= +⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠

−⎛ ⎞ ⎛ ⎞= +⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠

⎛ ⎞− ⎛ ⎞= +⎜ ⎟ ⎜ ⎟
⎝ ⎠⎝ ⎠

− +=

 

  
 

b.  

  

( )( )
( ) ( )

2

2

2 1

3

:3

2 3 1

3 3

2 3

3 3

2 3

3

f g x

f x g x

x

x

LCD x

x x

x x

x x

x x

x x

x

−

= −

−⎛ ⎞ ⎛ ⎞= −⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠

−⎛ ⎞ ⎛ ⎞= −⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠

⎛ ⎞− ⎛ ⎞= −⎜ ⎟ ⎜ ⎟
⎝ ⎠⎝ ⎠

− −=

 

  
c. ( )( )

( ) ( )
2 1

3

2

3

f g x

f x g x

x

x

x

x

=

−⎛ ⎞⎛ ⎞= ⎜ ⎟⎜ ⎟
⎝ ⎠⎝ ⎠

−=

i

i

 

 

 d. ( )

( )
( )

2

2
3
1

2

3 1

2

3

f
x

g

f x

g x

x

x
x x

x x

⎛ ⎞
⎜ ⎟
⎝ ⎠

=

−

=

−=

−=

i

 

 
 e. ( ) 0

3 0 is impossible.

g x ≠
=

 

Note that ( )g x  is undefined when 

0x = .  Therefore the domain of the 
composition is not all real numbers.  
Domain: ( ) ( ),0 0,−∞ ∞∪  
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7. a. ( )( )
( ) ( )

( ) ( )2

2

1

1

f g x

f x g x

x x

x x

+

= +

= + −

= + −

 

 
 b. ( )( )

( ) ( )
( ) ( )2

2

1

1

f g x

f x g x

x x

x x

−

= −

= − −

= − +

 

 
 c. ( )( )

( ) ( )
( )( )21

f g x

f x g x

x x

=

= −

i

i

 

 

 d. ( )

( )
( )

21

f
x

g

f x

g x

x

x

⎛ ⎞
⎜ ⎟
⎝ ⎠

=

=
−

 

 
 e. ( )

2

0

1 0

1,1

g x

x

x

≠

− ≠
≠ −

 

  ( )And in  ,  0f x x x= ≥  

Domain: [ ) ( )0,1 1,∞∪  

 
 
8. a. ( )( )

( ) ( )
( ) ( )3

3

3

3

f g x

f x g x

x x

x x

+

= +

= + +

= + +

 

 b. ( )( )
( ) ( )

( ) ( )3

3

3

3

f g x

f x g x

x x

x x

−

−

− +

− +

 

  
c. ( )( )

( ) ( )
( )( )3 3

f g x

f x g x

x x

=

= +

i

i

 

 

 d. ( )

( )
( )

3

3

f
x

g

f x

g x

x

x

⎛ ⎞
⎜ ⎟
⎝ ⎠

=

=
+

 

 
 e. ( ) 0

3 0

3

g x

x

x

≠
+ =
= −

 

Additionally, because of the square root 
in the denominator 

3 0

3

x

x

+ >
> −

 

Domain: ( )3,− ∞  

 
 
9. a. ( )( )

( ) ( )
( )( ) ( )( )32

2

2 2

2 5 2 6 2

6 2

8

f g

f g

+

= +

= − + −

= − −
= −

 

 
 b. ( )( )

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

1

1 1

6 1 1 5 1

7 6

1

g f

g f

− −

= − − −

= − − − − − −

= −
=
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 c. ( )( )
( ) ( )

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

2 3

2

2 2

2 5 2 6 2

14 14

196

f g

f g

−

= − −

= − − − − −

=
=

i

i

i

 

  

d. ( )

( )
( )

( )( )
( )( )

3

2

3

3

3

6 3

3 5 3

21

6
3.5

g

f

g

f

⎛ ⎞
⎜ ⎟
⎝ ⎠

=

−
=

−

−=
−

=

 

 
 
10. a. ( )( )

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

1

1 1

4 1 1 1

3 2

5

f g

f g

+

= +

= − + +

= +
=

 

 
 b. ( )( )

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

( )

2 3

2

2 2

4 2 2 2

0 10

10

f g

f g

− −

= − − −

= − − − − + −

= − −
=

 

 
 c. ( )( )

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

( )( )

2 3

3

3 3

4 3 3 3

5 30

150

f g

f g

−

= − −

= − − − + −

= − −
=

i

i

 

 
 

 d. ( )

( )
( )

( ) ( )( )
( )( )

3

2

2

2

2

2 2

4 2

10

0

g

f

g

f

⎛ ⎞
⎜ ⎟
⎝ ⎠

=

+
=

−

=

 

  

Undefined expression 
 
 
11. a. ( )( )

( )( )
( )2 3 1 6

6 8

f g x

f g x

x

x

=

= − −
= −

 

 
 b. ( )( )

( )( )
( )3 2 6 1

6 19

g f x

g f x

x

x

=

= − −
= −

 

 
 
12. a. ( )( )

( )( )
( )3 2 2 2

6 8

f g x

f g x

x

x

=

= − −
= −

 

 
 b. ( )( )

( )( )
( )2 3 2 2

6 6

g f x

g f x

x

x

=

= − −
= −
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13. a. ( )( )
( )( )

2

2

1

1

f g x

f g x

x

x

=

⎛ ⎞= ⎜ ⎟
⎝ ⎠

=

 

 
 b. ( )( )

( )( )

2

1

g f x

g f x

x

=

=

 

 
 
14. a. ( )( )

( )( )
3

3

2

8

f g x

f g x

x

x

=

⎛ ⎞= ⎜ ⎟
⎝ ⎠

=

 

 
 b. ( )( )

( )( )

3

2

g f x

g f x

x

=

=

 

 
 
15. a. ( ) ( )

( )( )
( )2 7 1

2 8

f g x

f g x

x

x

=

= − −

= −

 

 
 b. ( )( )

( )( )
( )2 1 7

2 1 7

g f x

g f x

x

x

=

= − −

= − −

 

 
 
 

16. a. ( )( )
( )( )
( )3 5

8

f g x

f g x

x

x

=

= − −

= −

 

 
 b. ( )( )

( )( )
( )3 5

3 5

g f x

g f x

x

x

=

= − −

= − −

 

 
 
17. a. ( )( )

( )( )
( )4 3

4 3

f g x

f g x

x

x

=

= −

= −

 

 
 b. ( )( )

( )( )
( )4 3

4 3

g f x

g f x

x

x

=

= −

= −

 

 
 
18. a. ( )( )

( )( )
( )4 2 1

3 2

f g x

f g x

x

x

=

= − +

= −

 

 
 b. ( )( )

( )( )
( )2 4 1

2 4 1

g f x

g f x

x

x

=

= − +

= − +
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19. a. ( )( )
( )( )

2 1
3 1

3
2

2 1 1

2
2

2

f g x

f g x

x

x

x

x

=

−⎛ ⎞ +⎜ ⎟
⎝ ⎠=

− +=

=

=

 

 
 b. ( )( )

( )( )
3 1

2 1
2
3

3 1 1

3
3

3

g f x

g f x

x

x

x

x

=

+⎛ ⎞ −⎜ ⎟
⎝ ⎠=

+ −=

=

=

 

 
 
20. a. ( )( )

( )( )
( )33

3 3

1 1

2

f g x

f g x

x

x

=

= + +

= +

 

 
 b. ( )( )

( )( )
( )3

3 1 1

1 1

2

g f x

g f x

x

x

x

=

= + +

= + +
= +

 

 
 

21. a. ( )( ) ( )
2

22 5
2 2 2 1 2

3
f g

−⎛ ⎞= = − =⎜ ⎟
⎝ ⎠

 

 

 b. ( )( )
( )2

2 2 5
2

3
8 5

3
3

3
1

g f
⎡ ⎤− −⎣ ⎦− =

−=

=

=

 

 
 

22. a. ( )( ) ( )( )( )
( )

2

2

2

2 3 2 1 1

5 1

4

16

f g = − −

= −

=
=

 

 

 b. ( )( ) [ ]( )
[ ]( )

( )

2

2

2 3 2 1 1

3 3 1

3 9 1

26

g f − = − − −

= − −

= −
=

 

 
 
23. a. ( )( ) ( ) ( ) ( )2 2 2 1 3 2f g f g+ = + = + − = −  

 
 b. ( )( ) ( )( ) ( )1 1 0 1f g f g f− = − = = −  

 

 c. ( ) ( )
( )
4 3

4 3
4 1

ff

g g

⎛ ⎞
= = = −⎜ ⎟ −⎝ ⎠

 

 
 d. ( )( ) ( )( ) ( )1 1 2 3f g f g f= = − = −  

 
 e. ( )( ) ( )( ) ( )2 2 3 2g f g f g− = − = − =  

 
 
24. a. ( )( ) ( ) ( )

( )
2 2 2

1 3

4

g f g f− − = − − −

= − −
=

 

 
 b. ( )( ) ( )( ) ( )3 3 2 3f g f g f= = − = −  
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 c. ( ) ( )
( )
0 1

0 1
0 1

ff

g g

⎛ ⎞ −= = =⎜ ⎟ −⎝ ⎠
 

 
 d. ( )( ) ( )( ) ( )2 2 1 0f g f g f− = − = =  

 
 e. ( )( ) ( )( ) ( )2 2 1 2g f g f g= = = −  

 
 
Section 4.2 Exercises 
 
25. a. ( ) ( ) ( )

( ) ( )89 23 3420

89 23 3420

66 3420

P x R x C x

x x

x x

x

= −

= − +
= − −
= −

 

 
 b. ( ) ( )150 66 150 3420 6480P = − =  

The profit on the production and sale of 
150 bicycles is $6480. 

 
 
26. a. ( ) ( ) ( )

( ) ( )988 189 5460

988 189 5460

799 5460

P x R x C x

x x

x x

x

= −

= − +
= − −
= −

 

 
 b. ( ) ( )80 799 80 5460 58,460P = − =  

The profit on the production and sale of 
80 televisions is $58,460. 

 
 
27. a. The revenue function is linear, while the 

cost function is quadratic.  Note that 
C(x) fits the form 

2( ) , 0.f x ax bx c a= + + ≠  
 
 b. 

( )2

2

2

( ) ( ) ( )

( ) 1050 10,000 30

( ) 1050 10,000 30

( ) 1020 10,000

P x R x C x

P x x x x

P x x x x

P x x x

= −

= − + +

= − − −
= − + −

 

 
 c. Quadratic.  Note that P(x) fits the form 

2( ) , 0.f x ax bx c a= + + ≠  
 

28. a. The revenue function is linear, while the 
cost function is quadratic.  Note that 
C(x) fits the form 

2( ) , 0.f x ax bx c a= + + ≠  
 
 b. 

( )2

2

2

( )

( ) ( )

26,600 200,000 4600 2

26,600 200,000 4600 2

2 22,000 200,000

P x

R x C x

x x x

x x x

x x

= −

= − + +

= − − −
= − + −

 

 
 c. Quadratic.  Note that P(x) fits the form 

2( ) , 0.f x ax bx c a= + + ≠  
 
 
29. a. 

( )2

2

2

( ) ( ) ( )

( ) 550 10,000 30

( ) 550 10,000 30

( ) 520 10,000

P x R x C x

P x x x x

P x x x x

P x x x

= −

= − + +

= − − −
= − + −

 

 
 b. Note that the maximum profit occurs at 

the vertex of the quadratic function, 
since the function is concave down. 

  ( )
520 520

260
2 2 1 2

b
x

a

− − −= = = =
− −

 

 
c. 

( ) ( )2

( )

(260)

260 520 260 10,000

67,600 135,200 10,000

57,600

y P x

P

=
=

= − + −
= − + −
=

 

 
Producing and selling 260 cameras 
yields a maximum profit of $57,600. 

 
 
30. a. 

( )2

2

2

( ) ( ) ( )

( ) 6600 2000 4800 2

( ) 6600 2000 4800 2

( ) 2 1800 2000

P x R x C x

P x x x x

P x x x x

P x x x

= −

= − + +

= − − −
= − + −
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 b. Note that the maximum profit occurs at 
the vertex of the quadratic function, 
since the function is concave down. 

  ( )
1800 1800

450
2 2 2 4

b
x

a

− − −= = = =
− −

 

 
c. 

( ) ( )2

( )

(450)

2 450 1800 450 2000

405,000 810,000 2000

403,000

y P x

P

=
=

= − + −
= − + −
=

 

 
Producing and selling 450 camcorders 
yields a maximum profit of $403,000. 

 
 

31. a. ( )

( ) ( ) ( )

( ) fits the form  where 

 and .  Note that

( )
( ) .

f
C x x

g

f x C x g x x

C x
C x

x

⎛ ⎞
⎜ ⎟
⎝ ⎠

= =

=

 

 

 b. 

( )
Let 3000 and calculate ( ).

50,000 105 3000
(3000)

3000
365,000

3000

121.6 $121.67 per set

x C x

C

=
+

=

=

= ≈

 

 
 
32. a. ( ) ( )( )

( ) ( )

 fits the form  where 

120,000
 and 1200.

C p f g p

f p g p
p

−

= =

 

 

 b. ( )

( )

120,000
1200

120,000
80 1200

80
1500 1200 300

The cost of water that is 80%

impure is $300.

C p
p

C

= −

= −

= − =

 

 

33. a. 
( ) 3000 72

( )
C x x

C x
x x

+= =  

 

b. 

( )

(100)
(100)

100
3000 72 100

100
3000 7200

100
10,200

100
102 or $102 per printer

C
C =

+
=

+=

=

=

 

 
 

34. a. 
( ) 2.15 2350

( )
C x x

C x
x x

+= =  

 

 b. ( ) ( )2.15 100 2350
100

100
215 2350

100
2565

25.65
100

C
+

=

+=

= =

 

The average cost for the production of 
100 components is $25.65 per 
component. 

 
 
35. a. 

( ) ( )2

2

Let ( ) represent the total number 

of tickets for a home football game.  

( ) ( ) ( )

62 8500 0.5 16 4400

0.5 78 12,900

T p

T p S p N p

p p p

p p

= +

= + + + +

= + +

 

 
b. Since p represents the winning 

percentage for the football team, 
0 100p≤ ≤ .  Therefore the domain of 

the function is [ ]0,100 .  

 

c. ( ) ( )2
(90) 0.5 90 78 90 12,900

4050 7020 12,900

23,970

T = + +
= + +
=

 

 The stadium holds 23,970 people. 
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36. ( )( ) ( ) ( )T P c T c P c=i i  

The function represents the number of T-
shirts sold multiplied by the price per shirt.  
The result is the revenue for selling shirts 
with c colors. 

 
 

37. a. ( ) ( ) ( )
3

28 6 8 1 6 27 162B = + = =  

On May 8th the number of bushels of 
tomatoes harvested was 162. 

 
 b. ( ) ( )8 8.5 0.12 8 7.54P = − =  

On May 8th the price per bushel of 
tomatoes was $7.54. 

 
 c. ( )( )

( )( ) ( ) ( )

th

 represents the worth of

the tomatoes on the  day of May. 

8 8 8

162 7.54

1221.48

On May 8  the worth was $1221.48.

th

B P x

x

B P B P=
=
=

i

i i
i

 

 
 d. ( ) ( )( )

( ) ( )

( ) ( )

( ) ( )

3
2

3

2

6 1 8.5 0.12

6 1 8.5 0.12

W x B P x

B x P x

x x

x x

=

=

⎡ ⎤= + −⎢ ⎥⎣ ⎦

= + −

i

i

i

 

 
 
38. ( ) 23000 3.30C x x= +  

 
 
39. a. ( ) ( ) ( )

( ) ( )592 32,000 432

592 32,000 432

160 32,000

P x R x C x

x x

x x

x

= −

= − +
= − −
= −

 

 
 b. ( ) ( )600 160 600 32,000 64,000P = − =  

The profit for producing and selling 600 
satellite systems in one month is 
$64,000. 

 

c. Since the function is linear, the rate of 
change is constant.  For every one unit 
increase in production, the profit 
increases by $160 per unit. 

 
 
40. a. ( ) ( ) ( )

( ) ( )295 87,500 87

295 87,500 87

208 87,500

P x R x C x

x x

x x

x

= −

= − +
= − −
= −

 

 
 b. ( ) ( )700 208 700 87,500 58,100P = − =  

The profit for producing and selling 700 
computers in one month is $58,100. 

 
c. ( )0, 87,500− .  It represents the fixed 

costs for manufacturing and selling the 
computers.  If no computers are 
manufactured and sold, the company 
will lose $87,500 per month. 

 
 
41. a. No.  Adding the percentages is not valid 

since the percentages are based on 
different populations of people.  Adding 
the number of males and the number of 
females completing college and then 
dividing by the total is a legitimate 
approach. 

 
 b. Based on results using the Table feature 

of the TI-83 calculator, the percentage in 
2002 is 64.78%, and the percentage in 
2008 is 67.76 %. 

 

   
 

 c. 
62.1 68.4

2002 65.25
2

65.9 71.6
2008 68.75

2

+
⇒ =

+
⇒ =
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The percentages are relatively close but 
not the same. 
 
 

42. a.  

( )
( )

2

2

2

Let ( ) represent the total U.S. 

population age 5 and under in millions. 

Then, ( ) ( ) ( )

( ) 0.0076 0.1752 10.705

0.0064 0.1448 10.12

( ) 0.014 0.32 20.825

P t

P t B t G t

P t t t

t t

P t t t

= +

= − + +

− +

= − +

 

 
 b.  

( ) ( )2

(2003 1990)

(13)

0.014 13 0.32 13 20.825

2.366 4.16 20.825

19.031

The model predicts that in 2003 there
are 19.03 million children age 5 and
under.

P

P

−
=

= − +
= − +
=

 

 
 
43. For a)–d), consider the output from the 

function. 
 
 a. Meat put in a container. 
 
 b. Meat ground. 
 
 c. Meat ground and then ground again. 
 
 d. Meat ground and put in a container. 
 
 e. Meat put in a container, and then both 

ground. 
 
 f. Only part d), unless the reader enjoys 

ground styrofoam! 
 
 
44. a. A sock is placed on the left foot. 
 
 b. A sock is placed on the left foot, 

followed by a second sock on the left 
foot.  The result is two socks on the left 
foot. 

 

 c. ( )( )
( )( )

( )

right foot

right foot

sock on right foot

sock on right foot removed

g f

g f

g

=

=
=

 

A sock is placed on the right foot and 
then removed.  The net result is that 
there is no sock on the right foot. 

 
 
45. 

( )( )
( )( )

( )

Let ( ) convert a Japanese shoe size, ,

into a British shoe size, ( ).

Japanese U.S. British

( )

17 1.5

18.5

B x x

B x

B x p s x

p s x

x

x

→ →
=

=

= − −
= −

 

 
46. 

( )( )
( )( )

( )

Let ( ) convert a British shoe size, ,

into a Continental shoe size, ( ).

British U.S. Continental

( )

0.5 34.5

35

C x x

C x

C x t d x

t d x

x

x

→ →
=

=

= + +
= +

 

 
47. 

 

 

( )( )

Chilean pesos Japanese yen

Russian rubles

Let ( ) 0.34954 ,  where  is 
yen and ( ) is rubles.
Let ( ) 0.171718 ,  where  is
pesos and ( ) is yen.
Let ( ) ,  where  is 
pesos and ( ) is rubles.

(

R x x x
R x

S x x x
S x

V x R S x x
V x

V x

→
→

=

=

=

( )( )
( )

( )

)

0.34954 0.171718

0.060022

(100) 0.060022 100

6 rubles

R S x

x

x

V

=

=
=

=
=
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48.  

 

( )( )

Mexican pesos

Euros U.S. dollars

Let ( ) 1.3773 ,  where  is 
Mexican pesos and ( ) is euros.
Let ( ) 0.06047 ,  where  is
euros and ( ) is U.S. dollars.
Let ( ) ,  where  is 
Mexican pesos and (

E x x x
E x

U x x x
U x

V x U E x x
V x

→
→

=

=

=

( )( )
( )

( )

) is U.S. dollars.

( )

0.06047 1.3773

0.083285

(100) 0.083285 100

$8.33 U.S.

V x U E x

x

x

V

=

=
=

=
=

 

 
 

49. The function is ( )100
g

x
f

⎛ ⎞
⎜ ⎟
⎝ ⎠
i .  Note that  

 ( ) ( )
the percent of

( )

Facebook users "who are" MySpace users. 

Multiplying by 100 creates a percentage.

g g x
x

f f x

⎛ ⎞
= =⎜ ⎟

⎝ ⎠
 

 
 
50. 

( )
( )

( )( ) ( )( )

number of homes with computers

percentage of homes with computers

number of homes

In symbols,  or f g x g f x

= ×

i i

 

 
 
51. The function is ( )( ) ( ) ( )f g x f x g x+ = + . 

 
 
52. a. 1

2 1 2

If  59.914 2.35  and 

20.14 , then . 

Answers may vary.

f s

f s C f f

= −

= = −

 

 

 b.  

 
c. Based on the graph in part b), the 

function is decreasing.  As s increases, C 
decreases. 

 
 
53. The normal price is 0.50x where x 

represents retail price.  Since the sale price 
is 20% off the normal price, the sale price is 

( )( )0.50 0.20 0.50 0.50 0.10 0.40 .x x x x x− = − =
Therefore the books are on sale for 40% of 
retail price. 

 
 

54.  a. 

 
 

b. The function, and therefore the average 
cost, is decreasing as the number of sets 
produced increases. 

 
c. It is a stretch vertically by a factor of 

100,000 and a shift up 150 units. 
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Section 4.3 Skills Check 
 
1. Yes, the function is one-to-one and has an 

inverse. 
  

 
 
 
2. No, the function is not one-to-one.  Inputs of 

4 and 18 correspond with an output of 7. 
 
 
3. No, the function is not one-to-one, and 

therefore has no inverse.  Inputs of 5 and 6 
correspond with an output of 2. 

 
 
4. Yes, the function is one-to-one and has an 

inverse with the following ordered pairs. 

 ( ) ( ) ( ) ( ){ }8,2 , 9,3 , 10,4 , 11,5  

 
 

5. a. ( )( ) ( )( ) 3
3

x
f g x f g x x

⎛ ⎞= = =⎜ ⎟
⎝ ⎠

 

  ( )( ) ( )( ) ( )3

3

x
g f x g f x x= = =  

 
 b. Yes, since ( )( ) ( )( )f g x g f x x= = .   

 
 

6. a. ( )( ) ( )( )
1

4 1
4

1 1

f g x f g x

x

x

x

=

+⎛ ⎞= −⎜ ⎟
⎝ ⎠

= + −
=

 

 

 ( )( ) ( )( )
( )4 1 1

4
4

4

g f x g f x

x

x
x

=

− +
=

= =

 

 
b. Yes, since ( )( ) ( )( )f g x g f x x= = .   

 
 
7. Is ( )( ) ( )( )f g x g f x x= = ? 

 

( )( ) ( )( )
( )

( )( ) ( )( )

3
3

3 3

3 3

1 1

1 1

1 1

f g x f g x

x

x

x

g f x g f x

x

x

x

=

= − +

= − +
=

=

= + −

=
=

 

 Yes,  f and g are inverse functions. 
 
 
8. Is ( )( ) ( )( )f g x g f x x= = ? 

 ( )( ) ( )( )
( )

( )( ) ( )( )
( )

3
3

33

2 2

2 2

f g x f g x

x x

g f x g f x

x x

=

= + − ≠

=

= − + ≠

 

 No,  f and g are not inverse functions. 
 
 
9. See the completed tables below. 
 

x f(x)  x f –1(x) 
–1 –7  –7 –1 
0 –4  –4 0 
1 –1  –1 1 
2 2  2 2 
3 5  5 3 
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Note that values for x in the second table are 
the values for ( )f x  in the first table. 

 
 

10. See the completed tables below. 
 

x g(x)  x g –1(x) 
–2 –17  –17 –2 
–1 –3  –3 –1 
0 –1  –1 0 
1 1  1 1 
2 15  15 2 

 
Note that values for x in the second table are 
the values for ( )g x  in the first table. 

 
 
11. Not one-to-one since (1, 5) and (4, 5) make 

the output 5 have more than one input. 
 
 
12. Yes, this function is one-to-one since each 

input is matched with exactly one output, 
and each output with exactly one input. 

 
 
13. 

 
 
[–10, 10] by [–10, 10] 

 
Since the graph of ( ) 3( 3)f x x= − passes the 

horizontal line test, this is a one-to-one 
function. 

 
 
 
 
 
 
 

14. 

 
 
[–5, 5] by [–5, 5] 
 

Since the graph of ( ) 1
f x

x
= passes the 

horizontal line test, this is a one-to-one 
function. 

 
 
15. Since the given graph passes both the 

vertical line test and the horizontal line test, 
this is a one-to-one function. 

 
 
16. Since the given graph passes both the 

vertical line test and the horizontal line test, 
this is a one-to-one function. 

 
 
17. 

 
 

[–10, 10] by [–10, 10] 
 

Since the graph of ( ) 42f x x= − fails the 

horizontal line test, this is not a one-to-one 
function. 
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18. 

 
 

[–10, 10] by [–10, 10] 
 

Since the graph of ( ) 3f x x= + passes the 

horizontal line test, this is a one-to-one 
function. 

 
 
19. a. 

( )1

( ) 3 4

3 4

3 4

3 4

4

3
4

3

f x x

y x

x y

y x

x
y

x
f x−

= −
= −
= −
= +

+=

+=

 

 
 b. Yes.  Substituting the x-values from the 

table into ( )1f x−  generates the ( )1f x−  

outputs found in the table. 
 
 
20. a.  

( )

3

3

3

3

3

3

1 3

( ) 2 1

2 1

2 1

1 2

1

2

1

2

1

2

g x x

y x

x y

x y

x
y

x
y

x
g x−

= −
= −
= −

+ =
+ =

+=

+=
 

 b. Yes.  Substituting the x-values from the 
table into ( )1g x−  generates the ( )1g x−  

outputs found in the table. 
 
 
21. ( ) ( )1 2 3 3 2h h− − = ⇔ = − , if h  and 1h−  are 

inverse functions. 
 
 

22. 

( )1

1
( )

1

1

1

1

1

f x
x

y
x

x
y

xy

y
x

f x
x

−

=

=

=

=

=

=

 

  
Note that in this example the function and its 
inverse are the same function! 

 
 
23. 

( )1

( ) 4 1

4 1

4 1

4 1

1

4
1

4

g x x

y x

x y

y x

x
y

x
g x−

= +
= +
= +
= −

−=

−=

 

 
 
24. 2

2

2

2

( ) 4

4

4

4

4

f x x

y x

x y

x
y

x
y

=
=
=

=

= ±
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( )

( )

1

1

Since 0 is given for ( ),

then 0 for .

Thus only the positive solution

represents the inverse function.  

4 2

x f x

y f x

x x
f x

−

−

≥
≥

= =

 

 
 
25. 2

2

2

2

( ) 3

3

3

3

3

g x x

y x

x y

y x

y x

= −
= −
= −
= +

= ± +

 

( )

( )

1

1

Since 0 is given for ( ),

then 0 for .

Thus only the positive solution

represents the inverse function.  

3

x g x

y g x

g x x

−

−

≥
≥

= +

 

 
 
26.  

 

 
 
 
27.  

  

 
  

28. 

 

  
 [–5, 10] by [–2, 10] 
 
 Restricting the domain of  f(x) to [ )2,∞  and 

the domain of g(x) to [ )0,∞  forces f and g to 

become inverse functions. 
 
 
 

  
 
 [–5, 10] by [–2, 10] 
 
 
29. 

 
 
 [–5, 5] by [–10, 10] 
  

The function passes the horizontal line test, 
is one-to-one, and has an inverse function. 

 
 
 
 
 

( ) 2g x x= +

( )2
( ) 2f x x= −

y x=

( ) 2g x x= +

( )2
( ) 2 , 2f x x x= − ≥

y x=
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30. 

 
 
  
 

31.  

 
  
Section 4.3 Exercises 
 
32. a. 

1

( ) 0.5

0.5

0.5

0.5

( ) 0.5

d x x

y x

x y

y x

d x x−

= +
= +
= +
= −
= −

 

 
 b. 1(8.5) 8.5 0.5 8

The British shoe size is 8.

d − = − =  

 
 
33. a. 

1

( ) 34.5

34.5

34.5

34.5

( ) 34.5

t x x

y x

x y

y x

t x x−

= +
= +
= +
= −
= −

 

 
 b. 1(43) 43 34.5 8.5

1
The U.S. shoe size is 8.5 or 8 .

2

t− = − =  

 
 

34. a. 

( )1

( ) 0.6

0.6

0.6

1.6

1.6

1.6

S x x x

y x x

x y y

x y

x
y

x
S x−

= +
= +
= +
=

=

=

 

 
 b. Given the future value of an investment, 

the function ( )1S x−  calculates the 

amount originally invested. 
 

 c. ( )1 24,000
24,000 $15,000

1.6
S − = =  

 
 
35.  

1

( ) 82.074 2.087

82.074 2.087

Switch  and  to form inverse:

82.074 2.087

82.074 2.087

82.074

2.087
82.074

2.087
82.074

( )
2.087

f t t

y t

y t

t y

t y

t
y

t
y

t
f t−

= −
= −

= −
− = −

−=
−

−=

−=

 

1 82.074 41
(41)

2.087
41.074

2.087
19.681 20

The percentage dropped below 

41% in the year 2010 (1990 + 20).

f − −=

=

= ≈
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36. 

( )1

( ) 82.35 29.3

82.35 29.3

82.35 29.3

29.3 82.35

82.35

29.3
82.35

29.3

A x x

y x

x y

y x

x
y

x
A x−

= +
= +
= +
= −

−=

−=

 

  

( )1 97 82.35
97 0.5 50%

29.3
A− −= = =  

 
A temperature of 97° corresponds to 50% 
relative humidity. 

 
 
37. a. 

1

( ) 0.085 2.97

0.085 2.97

0.085 2.97

2.97 0.085

2.97

0.085
2.97 2.97

( )
0.085 0.085

f x x

y x

x y

x y

x
y

x x
f x−

= − +
= − +
= − +

− = −
−=

−
− −= =

−

 

 
The inverse function will calculate the 
number of years after 2000 in which the 
percent of children ages 0 to 19 taking 
antidepressants from 2004 to 2009 
reaches a given level. 
 

 b. 1 2.97
(2.3) 7.88 8

0.085
The percent will reach 2.3% in 2008

(2000 + 8).

x
f − −= = ≈  

 
 

38. a. 

[ )

( ) 4 4 1

To determine the domain, 

solve 4 1 0.

4 1

1

4
1

Domain:  ,
4

Consequently, the range is 0, .

f x x

x

x

x

= +

+ ≥
≥ −

≥ −

⎡ ⎞− ∞ ⎟⎢⎣ ⎠
∞

 

 

 b. 

( )
2

2

2

2

2

2

2
1

( ) 4 4 1

4 4 1

4 4 1

4 1
4

4 1
4

4 1
16

4 1
16

16
16
4

16

64

16
( )

64

f x x

y x

x y

x
y

x
y

x
y

x
y

x

y

x
y

x
f x−

= +

= +

= +

= +

⎛ ⎞ = +⎜ ⎟
⎝ ⎠

= +

= −

−

=

−=

−=

 

 
 c. The domain of the inverse function is 

the range of the original function, and 
the range of the inverse function is the 
domain of the original function.  
Therefore, 

  Domain:  [ )0,∞  

  Range:  
1

,
4

⎡ ⎞− ∞ ⎟⎢⎣ ⎠
 

 
d. For the inverse function, 

  Domain:  [ )4,∞  

  Range:  [ )0,∞  



232  CHAPTER 4 Additional Topics with Functions  

Copyright ©2013 Pearson Education. Inc. 

In the context of the application, the 
range of the inverse function represents 
the wind speed and therefore must be 
greater than or equal to 0, while the 
domain of the inverse function must be 
greater than or equal to 4: 2 16 0x − ≥ , 
to ensure the range is not negative. 

 
 
39. a. ( )

( )

3

3

3

3

33

1 3

0.002

0.002

0.002

0.002

500
0.002

500

W x x

y x

x y

x
y

x
y x

W x x−

=

=
=

=

= =

=

 

 
b. Given the weight, the inverse function 

calculates the length. 
 

 c. ( ) ( )1 332 500 2 1000 10W − = = =  

The length of the fish is 10 inches. 
 

d. Both the domain and the range are 

( )0,∞ .  The weight and the length must 

be greater than zero or there is no fish to 
measure. 

 
 
40. ( )

( )1

3

3

3

3

3

3

C x x

y x

x y

x y

y x

C x x−

= +
= +
= +

− =
= −
= −

 

 
The decoded numerical sequence is

{20 8 5 27 18 5 1 12 27 20 8 9 14 7},

which translates into "THE REAL THING".

 

 
 

41. 

( )1

( ) 3 2

3 2

3 2

3 2

2

3
2

3

C x x

y x

x y

y x

x
y

x
C x−

= +
= +
= +
= −

−=

−=

 

The decoded numerical sequence is

{13 1 11 5 27 13 25 27 4 1 25},

which translates into "MAKE MY DAY".

 

 
 
42. Yes.  Each person has a unique social 

security number.  Since no two people have 
the same number, the function is one-to-one.   

 
 
43. No.  The given function is not one-to-one.  

More than one check could correspond to 
the same dollar amount. 

 
 
44. a. Yes.  The function is one-to-one.  The 

graph passes the horizontal line test. 
 

   
 
  [–5, 5] by [–5, 5] 
  
 b. 3

3

3

33 3

3

1 3

( )

( )

f x x

y x

x y

x y

y x

f x x−

=
=
=

=

=

=
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 c. Both domain and the range are ( )0,∞  

based on the physical context of the 
question.  The side of the cube and the 
volume cannot = 0. 

 
 d. The inverse function is used to convert 

from the volume of a cube to the length 
of its side. 

 
 
45. a. Yes.  The graph of the equation would 

pass the horizontal line test. 
 

 b. ( )

( )

( )

3

3

3

3

3

3

3

1 3

4

3
4

3
4

3
4

3 3
3

3 4

3

4

3

4

3

4

f x x

y x

x y

x y

x y

x
y

x
y

x
f x

π

π

π

π

π

π

π

π
−

=

=

=

⎛ ⎞= ⎜ ⎟
⎝ ⎠

=

=

=

=

 

 
 c. Both the domain and range are ( )0,∞ .  

If the domain is less than or equal to 
zero, then there is no sphere. 

 
 d. Given its volume, the inverse function 

can be used to calculate the radius of a 
sphere. 

 

 e. ( ) ( )1 3
3 65,450

65,450
4

25

f
π

− =

≈

 

 
If the volume is 65,450 cubic inches, the 
radius is approximately 25 inches. 

 
 

46. a. The model makes sense as long as the 
length of the side of the cube is greater 
than zero.  Therefore the domain is 

( )0, .∞  The function is one-to-one over 

this restricted domain. 
 

b.  
2

2

2

6 0

6

6

6
Based on the original restricted 

domain, the inverse function is 

.
6

y x x

x y

x
y

x
y

x
y

= >
=

=

= ±

=

 

 
 c. Given its surface area, the inverse 

function can be used to calculate the 
length of the edge of a cube. 

 
 
47. a. 

1

( ) 1.0136

1.0136

1.0136

1.0136

( ) 0.9866
1.0136

f x x

y x

x y

x
y

x
f x x−

=
=
=

=

= =

 

 
The inverse function converts U.S. 
dollars into Canadian dollars. 

 
 b. 1(500 U.S. dollars) 500 /1.0136

493.30 Canadian dollars

(493.30) 1.0136(493.30)

500 U.S. dollars

f

y

f

− =
=

=
=

 

 
If you convert $500 from U.S. to 
Canadian dollars and then convert the 
money back to U.S. dollars, you will 
still have $500 U.S currency.  (Note:  
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This assumes there are no transaction 
fees for the conversion and that the 
exchange rate has not changed.) 

 
 
48. a. Considering the graph of the function, it 

is not one-to-one. 
 
 b. Since the number of units cannot be 

negative, the domain is [ )0, .∞  

 
 c. Based on the restricted domain arising 

from the physical context of the 
problem, the function is one-to-one. 

 

 d. ( )

( )
( )

( )

2

2

2

2

2

1

1

1
20, 0

4
1

20
4
1

20
4

4 80

4 80

4 80

Based on the restricted domain,

4 80 2 20

101 2 101 20

2 81

2 9

18

The manufacturer will supply 18,000

units if the price is $101 per unit.

p x x x

y x

x y

x y

y x

y x

p x x x

p

−

−

= + ≥

= +

= +

= +

= −

= ± −

= − = −

= −

=
=
=

 

 
 
49. a. No.  The function is not one-to-one.  

Note that ( 1) (1) 300,000.I I− = =  
 
 b. In the given physical context, since x 

represents distance, the domain is 

( )0,∞ .  

2

300,000
0,  since  is undefined.x

x
≠  

 

 c. Yes.  Based on the restricted domain 

( )0,∞ , the function is one-to-one. 

  

 d. 2

2

2

2

2

1

1

300,000
( ) , 0

300,000

300,000

300,000

300,000

300,000

Based on the physical context,

300,000
( )

300,000
(75,000)

75,000

4

2

I x x
x

y
x

x
y

xy

y
x

y
x

I x
x

I

−

−

= >

=

=

=

=

= ±

=

=

=
=  

 
When the distance is 2 feet, the intensity 
of light is 75,000 candlepower. 

 
 

50. a. ( )
44 0 1

64 1 2

84 2 3

w

P w w

w

< ≤⎧
⎪= < ≤⎨
⎪ < ≤⎩

 

 
b. No.  The function is not one-to-one.  

The postage is the same for a variety of 
weights. 

 
 
51. a. 

1

( ) 1.6249

1.6249

1.6249

1

1.6249 1.6249

( ) 0.6154

f x x

y x

x y

x
y x

f x x−

=
=
=

= =

=

 

The inverse function converts U.S. 
dollars into British pounds. 
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 b. 1(1000 U.S. dollars) 0.6154(1000)

615.40 U.K. pounds

(615.40) 1.6249(615.40)

1000 U.S. dollars

f

y

f

− =
=

=
=

If  

 
If you convert $1000 from U.S. to 
British currency and then convert the 
money back to U.S. dollars, you will 
still have $1000 U.S currency.  (Note:  
This assumes there are no transaction 
fees for the conversion and that the 
exchange rate has not changed.) 

 
 
52. a. The ball reaches the ground when its 

height equals zero.  Solve ( ) 0f x = . 

  

( )
( )( )

2

2

256 96 16 0

16 6 16 0

16 8 2 0

8 0, 2 0

8, 2

Since  represents time, 0.

8

x x

x x

x x

x x

x x

x x

x

+ − =

− − − =

− − + =
− = + =
= = −

≥
=

 

 
  The ball remains in the air for 8 seconds. 
 
 b. 

 
 

   
  [0, 10] by [–50, 500] 
 
  The function is not one-to-one on the 

interval [ ]0,8 .  The graph does not pass 

the horizontal line test. 
 
 c. The function is one-to-one on the 

interval [ ] [ ]0,3  or on the interval 3,8 .  

 

   
 
  [0, 10] by [–50, 500] 
 
 d.  

( )
( )

( ) ( )

( )

( )
( )

( )

( )

2

2

2

2

2

2

2

2

2

( ) 256 96 16

16 6 16

16 6 16

Completing the square yields,

16 6 9 9 16

16 3 25

16 3 400

400 16 3

400 400
3

16 16

400
3

16

400
3

16

400
3

16

For the

f x x x

y x x

x y y

x y y

x y

x y

x y

x x
y

x
y

x
y

x
y

= + −

= − − −

= − − −

⎡ ⎤= − − + + − −⎣ ⎦
⎡ ⎤= − − −⎣ ⎦

= − − +

− = − −
− −− = =
−

−− = ±

−− = ±

−= ±

[ ]
1

 interval 0,3 , 

400 400
 ( ) 3 3

16 4

x x
f x− − −= − = −

 

   
The inverse function calculates the time 
the ball is in air between 0 and 3 
seconds, given the height of the ball. 
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Section 4.4 Skills Check 
 
1. 

( ) ( )

( )( )

( ) ( )
( )

2

2

2
22

2 2

2

2

2 1 0

2 1

2 1

2 1

1 0

1 1 0

1, 1

1 does not check

2 1 1 1

2 1 1 1 1 1 2 0

x x

x x

x x

x x

x

x x

x x

− − =

− =

− =

− =
− =
+ − =

= = −
−

− − − − =

− + = + = =/

 

 
Applying the intersection of graphs method 
to check graphically: 

 

  
 
 [–5, 5] by [–5, 5] 
  

 
 

 [–5, 5] by [–5, 5] 
 
 The only solution that checks is x = 1. 
 
 

2. 

( ) ( )

( ) ( )

2

2

2
22

2 2

2

2

3 4 2 0

3 4 2

3 4 2

3 4 4

4 0

2, 2

2 does not check

3 2 4 2 2

16 4

8 0

x x

x x

x x

x x

x

x x

+ − =

+ =

+ =

+ =
− =

= = −
−

− + − −

+
≠

 

 
Applying the intersection of graphs method 
to check graphically: 

 

  
 
 [–5, 5] by [–5, 10] 
 

 
 
 [–5, 5] by [–5, 10] 
 
 The only solution that checks is x = 2. 
 
 

3. 

( ) ( )

3

3 33

1 2

1 2

1 8

7

x

x

x

x

− = −

− = −

− = −
= −
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Applying the intersection of graphs method 
to check graphically: 

 

 
  
 [–10, 10] by [–5, 3] 
  
 The solution is x =  –7. 
 
 

4. 

( ) ( )

3

3 33

4 3

4 3

4 27

23

x

x

x

x

− =

− =

− =
= −

 

 
Applying the intersection of graphs method 
to check graphically: 

 

  
 
 [–30, 10] by [–2, 5] 
  
 The solution is x =  –23. 
 
 

5. 

( ) ( )

( )( )

2 2

2

2

3 2 2

3 2 2

3 2 2

3 2 4 4

7 6 0

6 1 0

6, 1

x x

x x

x x

x x x

x x

x x

x x

− + =

− = −

− = −

− = − +
− + =
− − =

= =

 

Applying the intersection of graphs method 
to check graphically: 

 

  
 
 [–10, 10] by [–10, 10] 
 

 
 

 [–10, 10] by [–10, 10] 
 
There is only one solution.  The x-value of 1 
does not check.  The solution is x = 6.   

 
 

6. 

( ) ( )

( )( )

2 2

2

2

2 2

2 2

2 2

2 4 4

5 6 0

3 2 0

3, 2

x x

x x

x x

x x x

x x

x x

x x

− + =

− = −

− = −

− = − +
− + =
− − =

= =

 

 
Applying the intersection of graphs method 
to check graphically: 
 

 



238  CHAPTER 4 Additional Topics with Functions  

Copyright ©2013 Pearson Education. Inc. 

 [1, 5] by [0, 8] 
 

  
 
 [1, 5] by [0, 8] 
 
 Both solutions check. 
 
 

7. 

( ) ( )

( )( )

3 23

33
3 23

2

2

4 5 7

4 5 7

4 5 7

4 12 0

6 2 0

6, 2

x x

x x

x x

x x

x x

x x

+ = −

+ = −

+ = −
− − =
− + =

= = −

 

 
Applying the intersection of graphs method 
to check graphically: 

 

  
 
 [–10, 10] by [–10, 10] 
 

  
  
 [–10, 10] by [–10, 10] 

Both solutions check. 

8. 

( ) ( )

( )( )

2

22
2

2

2

5 6 2

5 6 2

5 6 2

7 6 0

6 1 0

6, 1

x x x

x x x

x x x

x x

x x

x x

− = −

− = −

− = −
− + =
− − =

= =
 

( ) ( ) ( )

( ) ( ) ( )

?
2

? 2

?
2

? 2

Checking by substitution

6

5 6 2

5 6 6 6 2 6

24 24

1

5 6 2

5 1 6 1 2 1

1 1 Undefined expressions

x

x x x

x

x x x

=

− = −

− = −

=
=

− = −

− = −

− = − ←

 

 
 Only x = 6 checks. 
 
 
9. 

( ) ( )

( ) ( )

2 2

2 2

1 5

1 5

2 1 5

2 6

3

3

9

x x

x x

x x x

x

x

x

x

− = −

− = −

− + = −

− = −

=

=

=

 

?

?

Checking by substitution

9

1 5

9 1 9 5

2 2

x

x x

=

− = −

− = −
=

 

 The solution is 9x = . 
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10. 

( ) ( )

( ) ( )

2 2

2 2

10 20

10 20

20 100 20

20 120

6

6

36

x x

x x

x x x

x

x

x

x

− = − −

− = − −

− + = −

− = −

=

=

=

 

?

?

Checking by substitution

36

10 20

36 10 36 20

4 4

x

x x

=

− =− −

− =− −
− = −

 

 
 The solution is 36x = . 
 
 

11. ( )
( )

( ) [ ]

( )
( )

2

3

23

3
323

2

2

4 9

4 9

4 9

4 729

4 729

4 27

4 27

23, 31

x

x

x

x

x

x

x

x x

+ =

+ =

⎡ ⎤+ =⎢ ⎥⎣ ⎦

+ =

+ = ±

+ = ±
= − ±
= = −

 

( )

( )

( )

( )
( )

2

3

2

3

2

3

2

3

2

Checking by substitution

23

23 4 9

27 9

9 9

31

31 4 9

27 9

3 9

9 9

x

x

=

+ =

=
=

= −

− + =

− =

− =
=

 

 
 The solutions are 23, 31x x= = − . 
 
 

12. ( )
( )

( ) [ ]

( )
( )

3

2

32

2
232

3

3 33

5 64

5 64

5 64

5 4096

5 4096

5 16

21

x

x

x

x

x

x

x

− =

− =

⎡ ⎤− =⎢ ⎥⎣ ⎦

− =

− =

− =
=

 

( )

( )
( )

3

2

3
2

3

Checking by substitution

21

21 5 64

16 64

4 64

64 64

x =

− =

=

=
=

 

 
 The solution is 21x = . 
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13. 

( )
( )

2 4 0

4 0

4 0

0, 4

x x

x x

x x

x x

+ <
+ <

+ =
= = −

 

( )
( )

4 0

4 0

4 0

sign of 

sign of 4

sign of 4

x

x

x x

−

−

−

← − − − − − − + + + →
+ ← − − − + + + + + + →
+ ← + + + − − − + + + →

Considering the inequality symbol in the 
original question, the solution is ( )4,0− . 

 
 
14. 

( )
( )

2 25 0

25 0

25 0

0, 25

x x

x x

x x

x x

− <
− <

− =
= =

 

( )
( )

0 25

0 25

0 25

sign of 

sign of 25

sign of 25

x

x

x x

← − − − + + + + + + →
− ← − − − − − − + + + →
− ← + + + − − − + + + →

 

Considering the inequality symbol in the 
original question, the solution is ( )0,25 . 

 
 
15. 

( )
( )

( )( )
( )( )

2

2

2

2
Solve the simplified question

9 0

1 9 0

1 9 0
  

1 1

9 0

3 3 0

3 3 0

3, 3

x

x

x

x

x x

x x

x x

− ≥

− − ≥

− −
≤

− −
− ≤ ←

+ − ≤

+ − =
= − =

 

( )
( )

( )( )

3 3

3 3

3 3

sign of 3

sign of 3

sign of 3 3

x

x

x x

−

−

−

+ ← − − − + + + + + + →
− ← − − − − − − + + + →

+ − ← + + + − − − + + + →

 

Considering the inequality symbol in the 
simplified question, the solution is [ ]3,3− . 

 
 

16. 

( )
( )

2

2

2
Solve the simplified question

0

0

1 0

1 0

0, 1

x x

x x

x x

x x

x x

x x

>

> −

− < ←
− <

− =
= =

 

( )
( )

0 1

0 1

0 1

sign of 

sign of 1

sign of 1

x

x

x x

← − − − + + + + + + →
− ← − − − − − − + + + →
− ← + + + − − − + + + →

 

Considering the inequality symbol in the 
simplified question, the solution is ( )0,1 . 

 
 
17. 

( )
( )

( )( )
( )( )

2

2

2

2
Solve the simplified question

9 20 0

1 9 20 0

1 9 20 0

1 1

9 20 0

5 4 0

5 4 0

5, 4

x x

x x

x x

x x

x x

x x

x x

− + − >

− − + >

− − +
<

− −
− + < ←

− − <

− − =
= =

 

( )
( )

( )( )

54

54

54

sign of 5

sign of 4

sign of 5 4

x

x

x x

− ← − − − − − − + + + →
− ← − − − + + + + + + →

− − ← + + + − − − + + + →

 

Considering the inequality symbol in the 
simplified question, the solution is ( )4,5 . 

 
 
18. 

( )
( )

22 8 0

2 4 0

2 4 0

0, 4

x x

x x

x x

x x

− <
− <

− =
= =

 

( )
( )

0 4

0 4

0 4

sign of 

sign of 4

sign of 4

x

x

x x

← − − − + + + + + + →
− ← − − − − − − + + + →
− ← + + + − − − + + + →

 

Considering the inequality symbol in the 
original question, the solution is ( )0,4 . 
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19. 

( )
( )( )
( )( )

2

2

2

Solve the simplified question

2 8 24

2 8 24 0

2 4 12 0

2 6 2 0

2 6 2 0

2 0, 6, 2

x x

x x

x x

x x

x x

x x

− ≥

− − ≥ ←

− − ≥

− + ≥

− + =
= = = −/

 

( )
( )

( )( )

2 6

2 6

2 6

sign of 6

sign of 2

sign of 6 2

x

x

x x

−

−

−

− ← − − − − − − + + + →
+ ← − − − + + + + + + →

− + ← + + + − − − + + + →

 

Considering the inequality symbol in the 
simplified question, the solution is 

( ] [ ), 2 6,−∞ − ∞∪ . 

 
 
20. 

( )( )
( )( )

2

2
Solve the simplified question

17 8 14

9 14 0

7 2 0

7 2 0

7, 2

t t t

t t

t t

t t

t t

+ ≤ −

+ + ≤ ←
+ + ≤

+ + =
= − = −

 

( )
( )

( )( )

7 2

7 2

7 2

sign of 7

sign of 2

sign of 7 2

t

t

t t

− −

− −

− −

+ ← − − − + + + + + + →
+ ← − − − − − − + + + →

+ + ← + + + − − − + + + →

Considering the inequality symbol in the 
simplified question, the solution is [ ]7, 2− − . 

 
 
21. 

( )( )
( )( )

2

2
Solve the simplified question

6 7

6 7 0

7 1 0

7 1 0

7, 1

x x

x x

x x

x x

x x

− <

− − < ←
− + <

− + =
= = −

 

( )
( )

( )( )

71

71

71

sign of 7

sign of 1

sign of 7 1

x

x

x x

−

−

−

− ← − − − − − − + + + →
+ ← − − − + + + + + + →

− + ← + + + − − − + + + →

 

Considering the inequality symbol in the 
simplified question, the solution is ( )1,7− . 

 
 

22. 

( )( )
( )( )

24 4 1 0

2 1 2 1 0

2 1 2 1 0

2 1 0,2 1 0

1 1
,

2 2

x x

x x

x x

x x

x x

− + >
− − >

− − =
− = − =

= =

 

( )

( )

( )( )

1
2

1
2

1
2

sign of 2 1

sign of 2 1

sign of 2 1 2 1

x

x

x x

− ← − − − − + + ++ →

− ← − − − − + + ++ →

− − ← + + + + + + ++ →

 

Based on the inequality symbol and the sign 
chart, the equation is greater than zero for all 

real numbers except 
1

2
.  When x = 

1

2
, the 

equation equals zero.  Therefore, the 

solution is 
1 1

, ,
2 2

⎛ ⎞ ⎛ ⎞−∞ ∞⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠

∪ . 

 
 
23. 22 7 2 0x x− + ≥

 

Solving graphically means to find the x-
intercepts, in this case, 0.314 and 3.186.  
Then the solution to 22 7 2 0x x− + ≥  is the 
interval where the graph is above the x-axis, 
in this case to the left of 0.314 and to the 
right of 3.186, including both values.  Thus 
the solution to the inequality is 

( ] [ ),0.314 3.186,−∞ ∪ ∞  

  
  

 
 
[–5, 5] by [–10, 10] 

  
 
 
 
 

(3.186, 0)(0.314, 0)
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24. 2 5 4 0w w− + >

 

Solving graphically means to find the x-
intercepts, in this case, w = 1 and w = 4.  
Then the solution to 2 5 4 0w w− + >  is the 
interval where the graph is above the x-axis, 
in this case to the left of 1 and to the right of 
4.  Thus the solution to the inequality is 

( ) ( ),1 4,−∞ ∪ ∞  

 

 
 
[–5, 5] by [–10, 10] 

  
  
25. 2

2
Solve the simplified question

5 2 6

5 2 6 0

x x

x x

≥ +

− − ≥ ←

 

Solving graphically means to find the x-
intercepts, in this case, 0.914x = − and x = 
1.314.  Then the solution to 25 2 6 0x x− − ≥  
is the interval where the graph is above the 
x-axis, in this case to the left of 0.914− and 
to the right of 1.314, including both values.  
Thus the solution to the inequality is 

( ] [ ), 0.914 1.314,−∞ − ∪ ∞  

  

 
 
[–5, 5] by [–10, 10] 

  
  
 
 
 
 

26. 2

2
Solve the simplified question

2 5 6

2 5 6 0

x x

x x

≤ +

− − ≤ ←

 

Solving graphically means to find the x-
intercepts, in this case, 0.886x = −  and x = 
3.386.  Then the solution to 22 5 6 0x x− − ≤  
is the interval where the graph is below the 
x-axis, in this case between and including 
0.886 and 3.386.  Thus the solution to the 
inequality is [ ]0.886,3.386−  

  

 
 
[–5, 5] by [–10, 10] 

  
  

27. ( )
( )

3

3 33

3

3

1 4

1 4

1 4

4 1

x

x

x

x

+ <

+ <

+ <

< −

 

 
Applying the intersections of graphs method 

  

  
 
[–10, 10] by [–10, 10] 

  
 Considering the graph, the solution is 

( )3, 4 1−∞ −  or approximately ( ),0.587−∞ . 

 
 

(4, 0)

(1, 0)

(1.314, 0)

( 0.914, 0)−

(3.386, 0)( 0.886, 0)−

3 4 1 0.587− =
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28. ( )
( )

3

3 33

3

3

2 2

2 2

2 2

2 2

x

x

x

x

− ≥ −

− ≥ −

− ≥ −

≥ − +

 

 
Applying the intersections of graphs method 

  

  
 
[–10, 10] by [–10, 10] 

  
 Considering the graph, the solution is 

)3 2 2,⎡ − + ∞⎣  or approximately [ )0.74,∞ . 

 
 

29. ( )
( )

5

5 55

3 32

3 32

3 2

5

x

x

x

x

− <

− <

− <
<

 

 
Applying the intersections of graphs method 

  

  
 
[–10, 10] by [–10, 40] 

  
 Considering the graph, the solution is 

( ),5−∞ . 

 
 

30. ( )
( )

( )

4

4

4 44

5 16

5 16

5 16

5 2

5 2

3, 7

x

x

x

x

x

x x

+ >

+ =

+ = ±

+ = ±
= − ±
= − = −

 

 
( )
( )

( )( )

7 3

7 3

7 3

sign of 7

sign of 3

sign of 7 3

x

x

x x

− −

− −

− −

+ ← − − − − − − + + + →
+ ← − − − + + + + + + →

+ + ← + + + − − − + + + →

 
Applying the intersections of graphs method 

  

  
 
[–10, 10] by [–10, 40] 

  
 Considering the graph, the solution is 

( ) ( ), 7 3,−∞ − − ∞∪ . 

 
 
31. 

( )

2 1 3

AND

2 1 3 2 1 3

2 4 2 2

2 1

2and 1

1,2

x

x x

x x

x x

x x

− <

− < − > −
< > −

< > −
< > −

−

 

 
Using the intersections of graphs method to 
check the solution graphically yields, 

 

3 2 2 0.74− + =

(5,32)

( )3,16−( )7,16−
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 [–10, 10] by [–10, 10] 
 
 
32. 3 1 5

AND

3 1 5 3 1 5

3 4 3 6

4 2

3
4

and 2
3

4
2,

3

x

x x

x x

x
x

x x

+ ≤

+ ≤ + ≥ −
≤ ≥ −

≥ −≤

≤ ≥ −

⎡ ⎤−⎢ ⎥⎣ ⎦

 

 
Using the intersections of graphs method to 
check the solution graphically yields, 

 
 

  
 
 [–10, 10] by [–10, 10] 
 
 
33. 

( ] [ )

6 2

OR

6 2 6 2

8 4

4 or 8

,4 8,

x

x x

x x

x x

− ≥

− ≥ − ≤ −
≥ ≤

≤ ≥
−∞ ∞∪

 

 

Using the intersections of graphs method to 
check the solution graphically yields, 

 

  
 
 [–10, 15] by [–5, 10] 
 
 
34. 

( ) ( )

8 7

OR

8 7 8 7

1 15

15 or  1

, 15 1,

x

x x

x x

x x

+ >

+ > + < −
> − < −
< − > −

−∞ − − ∞∪

 

 
Using the intersections of graphs method to 
check the solution graphically yields, 

 

  
 
 [–20, 5] by [–5, 10] 
 
 
35. a. 

( ] [ )
2 or  3, or

, 2 3,

x x≤ − ≥
−∞ − ∪ ∞

 

 
 b. ( )2 3, or 2,3x− < < −  

 
 
36. a. [ ]4 2, or 4,2x− ≤ ≤ −  

 
 b. 

( ) ( )
4 or  2, or

, 4 2,

x x< − >
−∞ − ∪ ∞

 

(2, 3)

4
, 5

3

⎛ ⎞
⎜ ⎟
⎝ ⎠( 2, 5)−

(8, 2)(4, 2)

( 1, 3)−

( 15, 7)− ( 1, 7)−



CHAPTER 4 Section 4.4  245 

Copyright ©2013 Pearson Education. Inc. 

37. a. no solution, since no part of the graph is 
above the x- axis 

 
b. all real numbers ( ),−∞ ∞ ,  since the 

entire graph is below the x- axis 
 
 
38. a. all real numbers ( ),−∞ ∞ ,  since the 

entire graph is above the x- axis 
 

b. no solution, since no part of the graph is 
below the x- axis 

 
 
39. 

[ ]

( ) ( ),  that is, the graph of ( )

is below the graph of ( ), where

 is in the interval 3,2.5 .

f x g x f x

g x

x

≤

−

 

 
 
40.

( ] [ ]

( ) ( ),  that is, the graph of ( )

is below the graph of ( ), where

 is in the interval , 3.5 1,4.5 .

f x g x f x

g x

x

≤

−∞ − ∪

 

 
 
Section 4.4 Exercises 
 
41. 

2

( ) 0

0.3 1230 120,000 0

P x

x x

>
− + − >

 

 Applying the x-intercept method 
  

 
 

[–500, 5000] by [–500,000, 1,500,000] 
 

 
 
[–500, 5000] by [–500,000, 1,500,000] 
 

 Considering the graphs, the function is 
greater than zero over the interval 

( )100,4000 .  Producing and selling between 

100 and 4000 units, not inclusive, will result 
in a profit.   

 
 
42. 

2

( ) 0

0.01 62 12,000 0

P x

x x

>
− + − >

 

 Applying the x-intercept method 
  

 
 

[–1000, 8000] by [–30,000, 100,000] 
 

 
 
[–1000, 8000] by [–30,000, 100,000] 
 

 Considering the graphs, the function is 
greater than zero over the interval 

( )200,6000 .  Producing and selling between 

200 and 6000 units, not inclusive, will result 
in a profit.   
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43. 

( ) ( )2 2

2 2

2

2

( ) ( ) ( )

200 0.01 38 0.01 16,000

200 0.01 38 0.01 16,000

0.02 162 16,000

( ) 0

0.02 162 16,000 0

P x R x C x

x x x x

x x x x

x x

P x

x x

= −

= − − + +

= − − − −
= − + −

>
− + − >

 

 Applying the x-intercept method 
 

  
 
[–1000, 10,000] by [–200,000, 500,000] 
 

 
 
[–1000, 10,000] by [–200,000, 500,000] 

  
 Considering the graphs, the function is 

greater than zero over the interval 

( )100,8000 .  Producing and selling between 

100 and 8000 units, not inclusive, will result 
in a profit.   

 
 
44. 

( ) ( )2 2

2 2

2

2

( ) ( ) ( )

600 0.01 77 0.02 52,000

600 0.01 77 0.02 52,000

0.03 523 52,000

( ) 0

0.03 523 52,000 0

P x R x C x

x x x x

x x x x

x x

P x

x x

= −

= − − + +

= − − − −
= − + −

>
− + − >

 

  
 
 

 Applying the x-intercept method 
 

  
 
[–1000,  20,000] by [–500,000,  2,500,000] 
 

 
 
[–1000,  20,000] by [–500,000,  2,500,000] 
 

 Considering the graphs, the function is 
greater than zero over the interval 

( )100,  17,333.33 .  Producing and selling 

between 100 and 17,333 units will result in a 
profit.   

 
 
45. Applying the intersection of graphs method 
  

 
 

[0, 15] by [–10, 600] 
 

 

216 180y t t= − +

2100 130 16y t t= + −

216 180y t t= − +

2100 130 16y t t= + −
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 [0, 15] by [–10, 600] 
 
Considering the graphs, the second 
projectile is above the first projectile over 
the interval ( )2,8.83 .  Between 2 seconds 

and 8.83 seconds the height of the second 
projectile exceeds the height of the first 
projectile. 

 
 
46. 

2

2

240

128 16 240

16 128 240 0

s

t t

t t

≥
− ≥

− + − ≥

 

 
Applying the x-intercept method 
 

 
 
[0, 8] by [–5, 25] 
 

 
 

[0, 8] by [–5, 25] 
 

Considering the graphs, the function is 
greater than or equal to zero over the 
interval [ ]3,5 .  Therefore the height of the 

rocket is greater than or equal to 240 feet 
when the time is between 3 and 5 seconds 
inclusive. 
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47. 

 

2

2

2

If domestic sales are at least $6,000,000,000,

6,000 (6000 million).  Therefore, 

13.898 255.467 5425.618 6000

13.898 255.467 574.382 0

Solve the simplified problem above.

13.898 255.467 574.

y

x x

x x

x x

≥
− + + ≥

− + − ≥

− + −

( ) ( ) ( )( )
( )

2

2

382 0

4

2

255.467 255.467 4 13.898 574.382

2 13.898

255.467 65263.38809 31931.04414

27.796

255.467 33332.34395

27.796
2.623, 15.759

b b ac
x

a

x

x

x

x x

=

− ± −=

− ± − − −
=

−

− ± −=
−

− ±=
−

= =

 

 Applying the x-intercept method 
 

 
 
[0, 20] by [–500, 1000] 

  
 Considering the graph, the equation is greater than or equal to zero over the interval [ ]2.623,15.759 .   

Therefore, the sales (in millions) of fine-cut cigarettes in Canada after the year 1980 total at least $6 
billion between 1983 and 1995, inclusive.   

(15.759, 0)

(2.623, 0)
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48.  

( )

2

2

2

2

If the population is above 6,000,000,  then 6.  Therefore, 

0.00036 0.0385 5.823 6.

0.00036 0.0385 0.177 0

Solve the simplified problem above.

0.00036 0.0385 0.177 0

4

2

0.0385 0.

y

x x

x x

x x

b b ac
x

a

x

>
− + + >

− + − >

− + − =

− ± −=

− ±
=

( ) ( )( )
( )

2
0385 4 0.00036 0.177

2 0.00036

0.0385 0.00148225 0.00025488

0.00072

0.0385 0.00122737

0.00072
0.0385 0.0350338408

0.00072
4.814, 102.130

x

x

x

x x

− − −
−

− ± −=
−

− ±=
−

− ±=
−

= =

 

Therefore, world population is above 6 billion between 1995 and 2092 inclusive. 
 
 
49.  

( ) ( ) ( )

2

2

2

2

2

If the percent is at most 12.62,  then 12.62.  Therefore, 

0.003 0.438 20.18 12.62

0.003 0.438 7.56 0

Solve the simplified problem above.

0.003 0.438 7.56 0

4

2

0.438 0.438 4 0.003

y

x x

x x

x x

b b ac
x

a

x

≤
− + ≤

− + ≤

− + =

− ± −=

− − ± − −
=

( )
( )

7.56

2 0.003

0.438 0.191844 0.09072

0.006

0.438 0.101124

0.006
0.438 0.318

0.006
126, 20

x

x

x

x x

± −=

±=

±=

= =

 

 Thus between 1920 and 2026, inclusive, the percentage of the U.S. population that is foreign born is 
at most 12.62%. 
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50.  

( )

2

2

2

2

Solve the simplified problem above.

If the GDP is less than 4 trillion, then 4000.  Therefore, 

3.99 432.50 12,862.21 4000.

3.99 432.50 8,862.21 0

3.99 432.50 8862.21 0

4

2

432.50

y

x x

x x

x x

b b ac
x

a

x

<
− + <

− + <

− + =

− ± −=

− − ± −
=

( ) ( )( )
( )

2
432.50 4 3.99 8862.21

2 3.99

432.50 187056.25 141440.8716

7.98

432.50 45615.3784

7.98
432.50 213.57757

7.98
80.962,  27.434

x

x

x

x x

−

± −=

±=

±=

= =

 

Thus adding each result to the year 1900, gives 1981 and 1928.  The gross domestic product was less 
than $4 trillion between 1928 and 1981. 
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51. 20.0052 0.62 15.0y x x= − +  
 Applying the intersection of graphs method 
  

 
 

[0, 90] by [–10, 10] 
 

  
 

 Considering the graphs, the wind chill 
temperature is 3 F− ° or below when the wind 
speed is between 50 mph and 69.2 mph.   

 
 
52. 20.025 0.645 4.005p x x= − +  
 Applying the intersection of graphs method 
  

 
 

[–5, 30] by [–1, 5] 
 

 
 

[–5, 30] by [–1, 5] 
 

 Considering the graphs, the percentage 
change in hotel room supply is less than 3% 
over the interval ( )1.67,24.13 .  Between 

2000 and 2022 inclusive percentage change 
in hotel room supply is less than 3%.   

 
 
53. 20.1967 4.063 27.7455y x x= − + +  
 Applying the intersection of graphs method 
 

  
 

[0, 20] by [0, 50] 
 

  
 

 Considering the graphs, the % of marijuana 
use is above 43.1% over the interval 

( )4.98,15.68 .  Thus between 1995 and 

2005, the % of marijuana use is above 
43.1%.   

43.1y =

3y =

3y = −

3y =

43.1y =

3y = −
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54.  

2

2

2

2

Solve the simplified question above.

If the number of airplane crashes is

below 3146, then 3.146.  Therefore, 

0.0057 0.197 3.613 3.146

0.0057 0.197 0.467 0

0.0057 0.197 0.467 0

4

2

y

x x

x x

x x

b b ac
x

a

x
− −

<
− + <

− + <

− + =

− ± −=

=
( ) ( ) ( )( )

( )

2
0.197 0.197 4 0.0057 0.467

2 0.0057

0.197 0.038809 0.0106476

0.0114

0.197 0.0281614

0.0114
0.197 0.1678135871

0.0114
32.001,  2.560

x

x

x

x x

± − −

± −=

±=

±=

= =
 
Find the year: 1980 + 32 = 2012 and 1980 + 
2.56 = 1983.  Thus, the number of airplane 
crashes is below 3146 in the years between 
1983 and 2012. 

 
 Applying the x-intercept method 
  

 
 
 [–10, 40] by [–5, 5] 
 

 

Considering the graph, the equation is less 
than 3146 over the interval ( )2.56,32 .  

Therefore, the number of plane crashes is 
less than 3146 between 1983 and 2012, 
inclusive. 

 
 
55. 20.061 0.275 33.698y x x= − + +  
 Applying the intersection of graphs method 
 

 
 

[0, 20] by [0, 50] 
 
Therefore, the percent of high school 
students who smoked cigarettes on 1 or 
more of the 30 days preceding the survey, is 
greater than 20% from 1990 to 2007. 
 

 
56. a. Let x equal a person’s height in inches.  

Then, 68 8x − >   represents heights 

that will be uncomfortable. 
 
 b. 

( ) ( )

68 8

OR

68 8 68 8

76 60

60 or 76

,60 76,

x

x x

x x

x x

− >

− > − < −
> <

< >
−∞ ∞∪

 

In the context of the problem, people 
with heights below 60 inches, or above 
76 inches, will be uncomfortable  

 
 
 
 
 
 
 

(2.56, 0)

20y =
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57. 2( ) 1.751 38.167 388.997S x x x= − + +  
 Applying the intersection of graphs method 
 

 
 

[0, 20] by [0, 50] 
 

 
 

Therefore, retail sales are above 500 billion 
dollars between the years 2004 and 2018. 

 
 
58. a. Let x equal voltage.  Then, 

220 10x − ≤   represents voltages that 

allow the oven to work normally. 
 
 b. 

[ ]

220 10

AND

220 10 220 10

230 210

230 and 210

210,230

x

x x

x x

x x

− ≤

− ≤ − ≥ −
≤ ≥

≤ ≥

 

 
In the context of the problem, voltages 
between 210 volts and 230 volts, 
inclusive, will allow the oven to work 
normally  

 
 
 
 
 
 

59. 1.10934.394y x−=  
 Applying the intersection of graphs method 
 

 
 

[0, 20] by [0, 50] 
 
Therefore, based on the current model, the 
purchasing power of a 1983 dollar, is less 
than $1.00, from 1985 through 2012. 
 

 
 

500y =

500y =
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Chapter 4 Skills Check 
 
1. The graph of the function is shifted 8 units 

right and 7 units up. 
 
 
2. The graph of the function is shifted 1 unit 

left, vertically stretched by a factor of 2, and 
reflected over the x-axis.

 

 
  

3. a.  

 
b. The graph of g(x) is shifted two units 

left and three units down in comparison 
to f(x). 

 
 

4. ( ) 2 3

2 0

2

g x x

x

x

= + −
+ ≥
≥ −

 

 Domain:  [ )2,− ∞ . 

 
 

5. ( )1/3
6 4y x= − +  

 
 
6. 1/33 5y x= −

 

 
 
7. The graph matches equation f. 
 
  
8. The graph matches equation c.  
 
  
9. The graph matches equation e.
 
 
 
 

10. To test for origin symmetry: 
 

3

3

3

Let  and check if ( ) ( )

since ( ) 4 ,

( ) ( ) 4( )

( ) 4

Thus, ( ) ( )

x x f x f x

f x x x

f x x x

f x x x

f x f x

= − − = −
= −

− = − − −
− = − +

− = −

 

 
Since ( ) ( )f x f x− = − , the graph of the 
equation is symmetric with respect to the 
origin.   
 

 
11. To test for y-axis symmetry: 

 

2

2

2

Let  and check if ( ) ( )

since ( ) 5,

( ) ( ) 5

( ) 5

Thus, ( ) ( )

x x f x f x

f x x

f x x

f x x

f x f x

= − − =
= − +

− = − − +
− = − +

− =

 

 
Since ( ) ( )f x f x− = , the graph of the 
equation is symmetric with respect to the y-
axis.   

 
 
12. Since an odd function has origin symmetry, 

one should test for origin symmetry. 
 
Let  and check if ( ) ( )

2
since ( ) ,

2
( )

2
( )

Thus, ( ) ( )

x x f x f x

f x
x

f x
x

f x
x

f x f x

= − − = −

= −

− = −
−

− =

− = −

 

 
Since ( ) ( )f x f x− = − , the graph of the 
equation is symmetric with respect to the 
origin and the function can be called an odd 
function.   
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13. 
2

2

( )( )

(3 5 ) (6 4)

3 4

f g x

x x x

x x

+ =
− + − =

+ −

 

 
 
14. 

3

3

( )( )

(5 ) (6 4)

6 9

h g x

x x

x x

− =
− − − =

− − +

 

 
 
15. 

2

3 2

( )( )

(6 4) (3 5 )

18 42 20

g f x

x x x

x x x

⋅ =
− ⋅ − =
− +

 

 
 
16. 

3

( / )( )

(5 ) / (6 4)

h g x

x x

=
− −

 

 
 
17. 

2

2

2

( )( )

(3 5 ) (6 4)

3 11 4,  then

( )( 2)

3( 2) 11( 2) 4 38

f g x

x x x

x x

f g

− =
− − − =

− +
− − =

− − − + =

 

 
 
18. 

2

2

2

2

( )( ) ( ( ))

3(6 4) 5(6 4)

3(36 48 16) 30 20

108 144 48 30 20

108 174 68

f g x f g x

x x

x x x

x x x

x x

=
− − − =

− + − + =
− + − + =
− +

 

 
 
19. 

2

2

( )( ) ( ( ))

6(3 5 ) 4

18 30 4

g f x g f x

x x

x x

=
− − =

− −

 

 
 
20. 

3

3 3

3

( )( ) ( ( ))

6(5 ) 4

30 6 4 26 6 , then

( )( 3) 26 6( 3) 188

g h x g h x

x

x x

g h

= =
− − =

− − = −
− = − − =

 

21. a. ( )( ) 5
2 5

2

x
f g x x

+⎛ ⎞= − =⎜ ⎟
⎝ ⎠

 

  ( )( ) (2 5) 5

2

x
g f x x

− += =  

 
b. Since ( ( )) ( ( ))f g x g f x= , f(x) and g(x) 

are inverse functions.  
 
 
22. 

( )1

( ) 3 2

3 2

3 2

3 2

2

3
2

3

f x x

y x

x y

y x

x
y

x
f x−

= −
= −
= −
= +

+=

+=

 

 
 

23. 

( )

( )

3

3

3

3
3 3

3

3

1 3

( ) 1

1

1

1

1

1

1

g x x

y x

x y

x y

x y

y x

g x x−

= −

= −

= −

= −

= −
= +
= +

 

 
 
24. Note that ( )f x  is one-to-one on the given 

interval [–1, 10].  Therefore,  

 

( ) ( )
( )
( )

( )

2

2

2

1

1

1

1

1 , 0, 1

1

1

f x x

y x

x y

y x x y

y x

f x x−

= +

= +

= +

+ = ≥ ≥ −

= − +

= − +
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25. 

 
 
 [–5, 5] by [–10, 10] 
 
 Since the function passes the horizontal line 

test.  It is one-to-one. 
 
 
26. 2Since ( ) 3  is a parabola

whose graph opens upward, it would

fail the horizontal line test, and

would therefore not have an inverse.

f x x x= −   

 
 

27. 

( ) ( )

2

2
22

2 2

4 1 2 2

4 1 2 2

4 1 4 8 4

8 3

3

8

x x

x x

x x x

x

x

+ = +

+ = +

+ = + +
= −

= −

 

 
 
 
 
 
 
 
 
 
 

28. 

 

( ) ( )

( )

( ) ( )

2

2
22

2 2

2

2

?2

?2

3 8 0

3 8

3 8

2 8

4

2

Substituting to check 2 :

3 2 8 2 0

4 0

Substituting to check 2 :

3 2 8 2 0

0 0

x x

x x

x x

x

x

x

x

x

− + =

− = −

− =
=

=
= ±

=

− + =

≠
= −

− − + − =

=

 

 
The only solution is 2x = − . 
 
 

29. 

( )( )

2

2

2

7 18

7 18 0

7 18 0

9 2 0

9, 2

x x

x x

x x

x x

x x

− ≤
− − ≤
− − =
− + =

= = −

 

( )
( )

( )( )

2 9

2 9

2 9

sign of 9

sign of 2

sign of 9 2

x

x

x x

−

−

−

− ← − − − − − − + + + →
+ ← − − − + + + + + + →

− + ← + + + − − − + + + →

 

 
Considering the inequality symbol in the 
simplified question, the solution is [ ]2,9− . 
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30. 

( )( )

2

2

2

2 5 3

2 5 3 0

2 5 3 0

2 1 3 0

1
, 3

2

x x

x x

x x

x x

x x

+ ≥
+ − ≥
+ − =
− + =

= = −

 

( )

( )

( )( )

3 1
2

3 1
2

3 1
2

sign of 2 1

sign of 3

sign of 2 1 3

x

x

x x

−

−

−

− ← − − − − − − + + + →

+ ← − − − + + + + + + →

− + ← + + + − − − + + + →

 

 
Considering the inequality symbol in the 
simplified question, the solution is 

( ] 1
, 3 ,

2
⎡ ⎞−∞ − ∞ ⎟⎢⎣ ⎠

∪ . 

 
 

31. 

[ ]

2 4 8

AND

2 4 8 2 4 8

2 12 2 4

6 2

2 and 6

2,6

x

x x

x x

x x

x x

− ≤

− ≤ − ≥ −
≤ ≥ −

≤ ≥ −
≥ − ≤

−

 

 
 
32. 

( ]

4 3 15

OR

4 3 15 4 3 15

4 18 4 12

9 3

2
9

or 3
2

9
, 3 ,

2

x

x x

x x

x
x

x x

− ≥

− ≥ − ≤ −
≥ ≤ −

≤ −≥

≥ ≤ −

⎡ ⎞−∞ − ∞ ⎟⎢⎣ ⎠
∪

 

 
 

33. ( )
( )

3

3 33

4 4096

4 4096

4 16

20

x

x

x

x

− <

− <

− <
<

 

 
The solution is ( ),20−∞ . 

 
 

34. ( )
( )

( )

2

2

2

2 512

2 512  

2 256 2

2 16 2

2 16 2

Considering 2 512 0

x

x

x

x

x

x

+ ≥

+ =

+ = ±

+ = ±

= − ±

+ − ≥

i

 

 

2 16 2 2 16 2
← + + + + − − − − + + ++ →− − − +

 

 
The solution is 

( ), 2 16 2 2 16 2,⎤ ⎡−∞ − − − + ∞⎦ ⎣∪ . 
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Chapter 4 Review Exercises 
 
35. a.  

 

 
 

 
 b. The bullet travels 64 inches in 0.4 

seconds. 
 
 
36. a. Note that the function is quadratic 

written in vertex form, 

( )2
y a x h k= − + .  The vertex is 

( ) ( ), 4,380h k = .  Therefore the 

maximum height occurs 4 seconds into 
the flight of the rocket. 

 
b. Referring to part a, the maximum height 

of the rocket is 380 feet. 
 

c. In comparison to 2y t=  the graph is 
shifted 4 units right, 380 up, stretched 
by a factor of 16, and reflected across 
the x-axis. 

 
 
37. a. 2( ) 7.232 95.117 441.138f x x x= − + +  

 
 

  [0, 20] by [0, 1000] 
 
Thus, the year in which the number of 
passengers was at a maximum was 
2007. 
 

b. Applying the intersection of graphs 
method 

 

  
 

  [0, 20] by [0, 1000] 
 

  
  

From the graphs, the number of 
passengers was above 700 million 
between the years 2004 and 2009. 

 
 
38. 20.037 1.018 12.721y x x= + +  
 Applying the intersection of graphs method 

 

 

 
 [0, 20] by [0, 50] 
 
 From 2007 through 2010, Americans spent 

more than 40 million dollars on their pets. 
 
 
 
 
 
 
 
 

700y =

700y =

40y =
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39. 23.980 17.597 2180.899y x x= − +  
 Applying the intersection of graphs method 

 

 

 
 [0, 25] by [0, 4000] 
 
 From 1990 to 2010, the number of 

postsecondary degrees earned was less than 
3500. 

 
 

40. a. ( ) 30 3150x
C x

x

+=  

 

 b. 

 
 
 
41. a.  

 
  
 b. This is a decreasing function. 
 
 c. The graph of this function has a vertical 

stretch by a factor of 50,000 and a 
vertical shift 120 units up. 

 
 

42. a. Since there is a variable in the 
denominator of the demand function, 

300
20p

q
= −  is a shifted reciprocal 

function. 
 
 b.  

 

 
 
 
43. a. Since there is a variable in the 

denominator of the demand function, 
2555

5
p

q
=

+
 is a shifted reciprocal 

function. 
 
 b.  

  

 
 
 
44. a. The transformation of f(x) = x2 includes 

a horizontal shift to the right of 10.3 
units, a vertical shift up of 48.968 units, 
a vertical reflection across the x-axis, 
and a vertical compression by a factor of 
0.2. 

 
 b.  M(1) = % in 1991 = 31.67 
  M(2) = % in 1992 = 35.19 
  M(4) = % in 1994 = 41.03 
  M(6) = % in 1996 = 45.27 
 
 
 

3500y =
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 c.  

   
   
 d. The domain of the discrete function M 

is: {1, 2, 3, 4, 5, …, 16}. 
 
 
45. a. ( )( ) ( )2

2

2

0.165 0.017 2.164 8.061 0.226

0.002805 0.35706 1.330065 0.226

0.002805 0.35706 1.104065

The function calculates the revenue for Southwest Airlines given the number of years past 1990.

R E t t t

t t

t t

= + + −

= + + −
= + +

 

 

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

2

2

0.002805 0.35706 1.104065

3 0.002805 3 0.35706 3 1.104065

3 2.2008995 2.2

In 1993 Southwest Airlines had revenue of $2.2 billion.

R E t t t

R E

R E

= + +

= + +

= ≈

 

  

 c. ( ) ( )2
(7) 0.017 7 2.164 7 8.061

24.042

In 1997 Southwest Airlines has 24,042 employees.

E = + +
=

 

 
 d. ( )( )

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

2

2

0.002805 0.35706 1.104065

7 0.002805 7 0.35706 7 1.104065

7 3.74093 3.7

In 1997 Southwest Airlines had revenue of $3.7 billion.

R E t t t

R E

R E

= + +

= + +

= ≈
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46. a. 

( )1

( ) 0.554 2.886

0.554 2.886

0.554 2.886

0.554 2.886

2.886

0.554
2.886

0.554

f x x

y x

x y

y x

x
y

x
f x−

= −
= −
= −
= +

+=

+=

 

 
 b. The inverse function calculates the mean 

length of the original prison sentence 
given the mean time spent in prison. 

 
 
47. a. 

( )1

( ) 5.582 28.093

5.582 28.093

5.582 28.093

5.582 28.093

28.093

5.582
28.093

5.582

f x x

y x

x y

y x

x
y

x
f x−

= +
= +
= +
= −

−=

−=

 

 
 b. The inverse function calculates the year 

in which the number of billion dollars 
was spent for higher education 

 
 c. 

( )1

(10) 5.582(10) 28.093

83.913

83.913 28.093
83.913

5.582
55.82

10
5.582

f

f −

= +
=

−=

= =

 

 
 
48.  1.109( ) 34.394P x x−=  

 a. 
50

( ) 0.2
1.6

f x
x

= −  

  f(x) is a transformed reciprocal function. 
 
 b. 

1.109

For  50,  (2010 1960) 

(50) 34.394(50) $0.449

50
(50) 0.2 $0.425

1.6(50)

x

P

f

−

= −
= =

= − =

 

The function P(x) gives the better estimate  
of the purchasing power of a 1983 dollar in 
2010. 

 
 
49. 2

2

( ) 0.01 62 12,000

( ) 0

0.01 62 12,000 0

P x x x

P x

x x

= − + −
>

− + − >

 

 
 Applying the x-intercept method 
 

  
 
 [–1000, 8000] by [–25,000, 100,000] 
 

  
 
 [–1000, 8000] by [–25,000, 100,000] 
 

Manufacturing and producing between 200 
and 6000 units will result in a profit. 

 
50.  

   
 
  [0, 50] by [–1, 10] 
 

The model indicates that the personal 
savings rate is above 4% between 1960 
and 1996.
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Group Activity/Extended Application I 
 

1. Revenue

y  = 68x

0

50000

100000

150000

200000

0 1000 2000 3000

Units

R
ev

en
u

e
 

 

 

Cost

y = 0.01x 2 + 28x  + 30000

0

50000

100000

150000

200000

0 1000 2000 3000

Units

C
o

st

 
 
 
2. a. ( ) ( ) ( )

( )2

2

68 0.01 28 30,000

0.01 40 30,000

P x R x C x

x x x

x x

= −

= − + +

= − + −

 

 
 b.  

0 –30,000 
100 –26,100 
600 –9600 

1600 8400 
2000 10,000 
2500 7500 

 

3. ( ) ( )

( ) ( ) ( )( )
( )

2

2

2

2

68 0.01 28 30,000

0.01 40 30,000 0

4

2

40 40 4 0.01 30,000

2 0.01

40 1600 1200

0.02

40 400

0.02
40 20

0.02
3000, 1000

R x C x

x x x

x x

b b ac
x

a

x

x

x

x

x x

=

= + +
− + =

− ± −=

− − ± − −
=

± −=

±=

±=

= =

 

Producing and selling either 3000 or 1000 
units forces the profit to equal the cost.   

 
 
4. 

 
 
 [0, 4000] by [–2000, 12,000] 
 

Producing and selling 2000 units results in a 
maximum profit of $10,000. 

 
 

5. a. ( ) ( ) 20.01 28 30,000C x x x
C x

x x

+ += =  

 
 b. 

1 30,028.01 
100 329.00 
300 131.00 

1400 63.43 
2000 63.00 
2500 65.00 
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 c. 

 
 
  [0, 2500] by [0, 400] 
 
 
6. 

 
 
 [0, 4000] by [0, 100] 
 

 
 

 [0, 4000] by [0, 100] 
 

The minimum average cost is $62.64 which 
occurs when 1732 units are produced and 
sold. 

 
 
7. The values are different.  However, they are 

relatively close together.  The number of 
units that maximizes profit is most 
important.  While keeping costs low is 
important, the key to a successful business is 
generating profit. 
 

 
 
 
 
 

Group Activity/Extended Application II 
 
1. ( ) 20.336 15.116 21.608f t t t= + +  

 
2.  

  
  
 [0, 15] by [0, 300] 
 
 The model is a fairly good fit. 
 
3. ( ) 20.216 4.449 27.864g t t t= − + +  

 
4.  

  
 
 [0, 15] by [0, 60] 
 
 The model appears to be a good fit. 
 
5. ( ) 4 3 2( ) 0.090 2.850 77.190

500.420 601.440

f g t t t x

x

= − − +
+ +
i  

 
6.  

  
 
 [0, 15] by [0, 14,000] 
 
 The model is a fairly good fit. 
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7.  
Year Average Revenue 
1998 2728.91 
1999 3548.58 
2000 4956.07 
2001 6081.12 
2002 6813.07 
2003 7921.82 
2004 9223.57 
2005 10390.64 
2006 11782.55 
2007 12754.48 
2008 13459.93 

 
 
8. ( ) 21.788 1080.376 624.321r t t t= + −  

 

  
 
 [0, 15] by [0, 14,000] 
 
 The model is a very good fit. 
 
9. ( ) 4 3 21.722 51.941 540.319

                    +3365.542 3873.392

s t t t x

x

= − + −
−

 

  

  
 
 [0, 15] by [0, 14,000] 
 

Both models fit about the same.  Neither is 
an exact match. 

 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 99
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 2400
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 2400
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


