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 Using the window: 

  
 We get the graph: 

  
 Note, the function ( )f x is the thicker graph. 

Using the calculator, we can find the derivative 
of the function when 1x = . 

 
 We have ( )' 1 1.2f = . 

 

Exercise Set 1.6 
 

 
1. Differentiate 5 6y x x= ◊ using the Product Rule 

(Theorem 5) . 

 

( )

( ) ( )

5 6

5 6 6 5

5 5 6 4

10 10

10

6 5

6 5

11

dy d
x x

dx dx
d d

x x x x
dx dx

x x x x

x x

x

= ◊

= ◊ +

= ◊ + ◊
= +
=

 

 Differentiate 5 6 11y x x x= ◊ = using the Power 

Rule (Theorem 1). 

 

11

11 1

10

11

11

dy d
x

dx dx

x

x

-

=

=
=

 

 The two results are equivalent. 
 
 
 
 
  

 
2. Using the Product Rule: 

 

( )9 4

9 3 4 8

12 12

12

4 9

4 9

13

dy d
x x

dx dx

x x x x

x x

x

= ◊

= ◊ + ◊
= +
=

 

 Using the Power Rule: 

 

( )

( )

4 9

13

1213

dy d
x x

dx dx
d

x
dx

x

= ◊

=

=

 

 The two results are equivalent. 
 
3. Differentiate ( ) ( )( )2 5 3 4f x x x= + - using the 

Product Rule (Theorem 5). 

 

( ) ( )( )

( ) ( )

( ) ( )
( ) ( )

' 2 5 3 4

2 5 3 4

              3 4 2 5

2 5 3 3 4 2

6 15 6 8

12 7

d
f x x x

dx
d

x x
dx

d
x x

dx

x x

x x

x

È ˘= + -Î ˚

= + ◊ - +

- ◊ +

= + ◊ + - ◊
= + + -
= +

 

 Differentiate ( ) ( )( )2 5 3 4f x x x= + - using the 

Power Rule (Theorem 1). First, we multiply the 
binomial terms in the function. 

 
( ) ( )( )

2

2 5 3 4

6 7 20

f x x x

x x

= + -

= + -
 

 Therefore, by Theorem 1 and Theorem 4 we 
have: 

 

( ) ( )

( ) ( ) ( )

2

2   Theorem 4

Theorem 1

' 6 7 20

6 7 20

12 7                                 

d
f x x x

dx
d d d

x x
dx dx dx

x

= + -

= + -

= +

 

 The two results are equivalent. 
 
4. Using the Product Rule: 

 

( ) ( )( )
( ) ( )

' 3 2 4 1

3 2 4 4 1 3

12 8 12 3

24 5

d
g x x x

dx

x x

x x

x

È ˘= - +Î ˚

= - ◊ + + ◊
= - + +
= -
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 Using the Power Rule: 
 ( ) ( )( ) 23 2 4 1 12 5 2g x x x x x= - + = - -  

 ( ) ( )2' 12 5 2

24 5

d
g x x x

dx
x

= - -

= -
 

 The two results are equivalent. 
 

5. Differentiate ( ) ( )2 34 5G x x x x= + using the 

Product Rule. 

 

( ) ( )

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

2 3

2 3 3 2

2 2 3

4 2 4 2

4 2

' 4 5

4 5 5 4

4 3 5 5 8

12 20 8 40

20 60

d
G x x x x

dx
d d

x x x x x x
dx dx

x x x x x

x x x x

x x

È ˘= +Î ˚

= ◊ + + + ◊

= ◊ + + + ◊

= + + +
= +

 

 Differentiate ( ) ( )2 34 5G x x x x= + using the 

Power Rule. First, we multiply the function. 

 
( ) ( )2 3

5 3

4 5

4 20

G x x x x

x x

= +

= +
 

 Therefore, we have: 

 

( ) ( )

( ) ( )
( ) ( )

5 3

5 3

4 2

4 2

Theorem 1
Theorem 3

Theorem 4

' 4 20

4 20    

4 5 20 3       

20 60

d
G x x x

dx
d d

x x
dx dx

x x

x x

= +

= +

= +

= +

 

 The two results are equivalent. 
 
6. Using the Product Rule: 

 

( ) ( )
( ) ( )

4 2

4 2 3

5 4 5 4

5 4

' 3 4

3 2 4 4 12

6 12 12 48

18 60

d
F x x x x

dx

x x x x x

x x x x

x x

È ˘= -Î ˚

= ◊ - + - ◊

= - + -
= -

 

 Using the Power Rule: 

 ( ) ( )4 2 6 53 4 3 12F x x x x x x= - = -  

 
( ) ( )6 5

5 4

' 3 12

18 60

d
F x x x

dx

x x

= -

= -
 

 The two results are equivalent. 
 
 
 
 

7. Differentiate ( ) 23 2y x x= + using the Product 

Rule. 

 

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

2

2 2

1 12 22 2

1 122 2

3 3
2 2

3
2

Theorem 1

3 2

3 2 3 2

3 2 3 2

3
3 2 2     

2
3

6 4
2

15
4

2

dy d
x x

dx dx
d d

x x x x
dx dx
d d

x x x x
dx dx

x x x x

x x x

x x

-

È ˘= +Î ˚

= + ◊ + ◊ +

= + ◊ + ◊ +

= + ◊ + ◊

= + +

= +

 

 Differentiate ( ) 23 2y x x= + using the Power 

Rule. First, we multiply the function. 

 

( ) 2

1 2 22

5 22

3 2

3 2

3 2

y x x

x x

x x

+

= +

= +

= +

 

 Therefore, we have: 

 

( )
( ) ( )

( )

5 22

5 22

5 1 12

3
2

Theorem 1
Theorem 3

Theorem 4

3 2

3 2    

5
3 2 2     

2

15
4

2

dy d
x x

dx dx
d d

x x
dx dx

x x

x x

-

= +

= +

Ê ˆ= +Á ˜Ë ¯

= +

 

 The two results are equivalent. 
 
8. Using the Product Rule: 

 

( )
( ) ( ) ( )
( )

3

1 13 32 2

1 12 22 2

5 22

4 3

4 3 4 3

4
4 3 3

2

14 9

dy d
x x

dx dx
d d

x x x x
dx dx

x x x x

x x

-

È ˘= +Î ˚

= + ◊ + ◊ +

= + ◊ + ◊

= +
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 Using the Power Rule.

 ( ) 73 324 3 4 3y x x x x= + = +  

 Therefore, we have: 

 

( )
( )

7 32

7 1 22

5 22

4 3

7
4 3 3

2

14 9

dy d
x x

dx dx

x x

x x

-

= +

Ê ˆ= +Á ˜Ë ¯

= +

 

 The two results are equivalent. 
 

9. Differentiate ( ) ( )( )24 3 2 3 5g x x x x= - + +  

using the Product Rule. 

 

( ) ( )( )
( ) ( )

( ) ( )

( ) ( ) ( )

2

2

2

2

2 2

2

' 4 3 2 3 5

4 3 2 3 5

     2 3 5 4 3

4 3 4 3 2 3 5 4

16 9 8 12 20

24 12 11

d
g x x x x

dx
d

x x x
dx

d
x x x

dx

x x x x

x x x

x x

È ˘= - + +Î ˚

= - ◊ + + +

+ + ◊ -

= - ◊ + + + + ◊

= - + + +
= + +

 

 Differentiate ( ) ( )( )24 3 2 3 5g x x x x= - + +  

using the Power Rule. First, we multiply the 
terms in the function. 

 
( ) ( )( )2

3 2

4 3 2 3 5

8 6 11 15

g x x x x

x x x

= - + +

= + + -
 

 Therefore, we have: 

 

( ) ( )

( ) ( )
( ) ( )

3 2

3 2

2

' 8 6 11 15

8 6

                    11 15

24 12 11

d
g x x x x

dx
d d

x x
dx dx

d d
x

dx dx

x x

= + + -

= + +

-

= + +

 

 The two results are equivalent. 
 
10. Using the Product Rule: 

 ( ) ( )( )2' 2 5 3 4 1
d

f x x x x
dx

È ˘= + - +Î ˚  

 

( ) ( ) ( ) ( )2

2 2

2

' 2 5 6 4 3 4 1 2

12 22 20 6 8 2

18 14 18

f x x x x x

x x x x

x x

= + ◊ - + - + ◊

= + - + - +
= + -

 

 
 
 
 

 Using the Power Rule: 

 
( ) ( )( )2

3 2

2 5 3 4 1

6 7 18 5

f x x x x

x x x

È ˘= + - +Î ˚
= + - +

 

 
( ) ( )3 2

2

' 6 7 18 5

18 14 18

d
f x x x x

dx

x x

= + - +

= + -
 

 The two results are equivalent. 

11. Differentiate ( ) ( )( )2 3 4 7F t t t t= + - +  

using the Product Rule. 

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

( )
( )

( ) ( )
( )

1 1
2 2

1 1 1
2 2 2

1 1
2 2

1 1
2 2

1 1
2 2

1 1
2 2

1 1 1
2 2 2

' 2 3 4 7

= 2 3 4 7

     3 4 7 2       

1
2 3 4

2

1
     3 4 7

2

2 3 2

1
3 4 7

2

3 7
3 2 6 4 2

2 2

d
F t t t t

dt
d

t t t
dt

d
t t t t t

dt

t t

t t t

t t

t t t

t t t

-

-

-

-

-

È ˘= + - +Î ˚

+ ◊ - + +

È ˘- + ◊ + =Í ˙Î ˚
Ê ˆÊ ˆ= + ◊ - +Á ˜Á ˜Ë ¯Ë ¯

Ê ˆ- + ◊ Á ˜Ë ¯

= + ◊ - +

Ê ˆ- + ◊ Á ˜Ë ¯

= - + - + - +
1

2

1 1
2 2

9 1
2

2 2

9 1
2

2 2

t

t t

t

t

-

-= - +

= - +  

 Differentiate ( ) ( )( )2 3 4 7F t t t t= + - +  

using the Power Rule. 

 

( ) ( )( )
3 1 1

2 2 2

3 1
2 2

2 3 4 7

3 4 7 6 8 14

3 2 14

F t t t t

t t t t t

t t t

= + - +

= - + + - +

= - + +

 

 Therefore, we have: 

 ( ) ( )3 1
2 2' 3 2 14

d
F t t t t

dt
= - + +  

 

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

1
2 1

2

3 2 14

9 1
2

2 2

9 1
2.

2 2

d d d d
t t t

dt dt dt dt

t
t

t

t

-

= - + +

= - +

= - +

 

 The two results are equivalent. 
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12.  Using the Product Rule: 

 

( ) ( )( )
( )
( )

1 1
2 2

1 1
2 2

1 1 1 1
2 2 2 2

1 1
2 2

' 2 3 5 4

1
2 3 5

2

3
    4 2

2

3 5 3
2 8 6

2 2 2
17

3 11
2
17

3 11
2

d
G t t t t

dt

t t t

t t

t t t t

t t

t
t

-

-

- -

-

È ˘= + + +Î ˚

Ê ˆ= + + ◊ +Á ˜Ë ¯

Ê ˆ+ ◊ +Á ˜Ë ¯

= + + + + + +

= + +

= + +

 

 Using the Power Rule: 

 
( ) ( )( )

3 1
2 2

2 3 5 4

2 17 11 20

G x t t t

t t t

È ˘= + + +Î ˚

= + + +
 

 

( ) ( )3 1
2 2

1 1
2 2

' 2 17 11 20

17
3 11

2
17

3 11
2

d
G t t t t

dt

t t

t
t

-

= + + +

= + +

= + +

 

 The two results are equivalent. 
 

13. Differentiate 
7

3

x
y

x
= using the Quotient Rule 

(Theorem 6). 

 
( ) ( )
( )

( ) ( )

7

3

3 7 7 3

23

3 6 7 2

6

7 3

dy d x

dx dx x

d d
x x x x

dx dx

x

x x x x

x

Ê ˆ
= Á ˜Ë ¯

-
=

-
=

 

 

9 9

6

9

6

3

7 3

4

4 ,      for 0

dy x x

dx x

x

x

x x

-
=

=

= π

 

 
 
 
 
 
 

 Differentiate 
7

4
3

x
y x

x
= = using the Power Rule. 

 

4

4 1

3

4

4 ,   for 0

dy d
x

dx dx

x

x x

-

=

=
= π

 

 The two results are equivalent. 
14. Using the Quotient Rule. 

 

( ) ( )
( )

( ) ( )

6

4

4 6 6 4

24

4 5 6 3

8

9 9

8

9

8

6 4

6 4

2

2 ,          for 0

dy d x

dx dx x

d d
x x x x

dx dx

x

x x x x

x

x x

x

x

x
x x

Ê ˆ
= Á ˜Ë ¯

-
=

-
=

-=

=

= π

 

 Using the Power Rule. 

 
6

2
4

x
y x

x
= =  

 
2

2 ,         for 0

dy d
x

dx dx
x x

=

= π
 

 The two results are equivalent. 
 

15. Differentiate ( )
5 22x x

f x
x

+
= using the 

Quotient Rule. 

 

( )

( ) ( ) ( )
( )

5 2

5 2 5 2

2

2
'

2 2

d x x
f x

dx x

d d
x x x x x x

dx dx

x

Ê ˆ+
= Á ˜Ë ¯

+ - +
=

 

 

( ) ( ) ( )( )

( )

4 5 2

2

5 2 5 2

2

5 2

2

2 3

2

3

10 2 2 1
'

10 2 2

8

8 1

8 1,               for 0

x x x x x
f x

x

x x x x

x

x x

x

x x

x

x x

+ - +
=

+ - -=

+=

+
=

= + π
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 Differentiate ( )
5 22x x

f x
x

+
=  using the Power 

Rule. 
 First, factor the numerator and divide the 

common factors. 

 

( )

( )

5 2

4

4

2

2

2

x x
f x

x

x x x

x

x x

+=

+
=

= +

 

 
( ) ( )4

3

' 2

8 1,                 for 0

d
f x x x

dx

x x

= +

= + π
 

 The two results are equivalent. 
 
16. Using the Quotient Rule. 

 

( )

( ) ( )( )

( )

7 3

6 2 7 3

2

7 3

2

2 5

2

5

3
'

21 3 3 1

18 2

18 2

18 2 ,              for 0

d x x
g x

dx x

x x x x x

x

x x

x

x x x

x

x x x

Ê ˆ-= Á ˜Ë ¯

- - -
=

-=

-
=

= - π

 

 Using the Power Rule. 

 ( ) ( )6 27 3
6 2

33
3

x x xx x
g x x x

x x

--
= = = -  

 
( ) ( )6 2

5

' 3

18 2 ,              for 0

d
g x x x

dx

x x x

= -

= - π
 

 The two results are equivalent. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

17. Differentiate ( )
38 1

2 1

x
G x

x

-
=

-
using the Quotient 

Rule. 
 

( )

( ) ( ) ( ) ( )
( )

( )( ) ( )( )
( )

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

( ) ( ) ( )( )
( )

( ) ( ) ( )
( )

( )
( )( )

( )

3

3 3

2

2 3

2

2 2

2

2 2

2

2 2

2

2

8 1
'

2 1

2 1 8 1 8 1 2 1

2 1

2 1 24 8 1 2

2 1

2 1 24 2 1 4 2 1 2

2 1

2 1 24 4 2 1 2

2 1

2 1 24 8 4 2

2 1

16 4 2

2 1

2 1 8 2

2 1

8 2;       

d x
G x

dx x

d d
x x x x

dx dx

x

x x x

x

x x x x x

x

x x x x

x

x x x x

x

x x

x

x x

x

x

Ê ˆ-= Á ˜-Ë ¯

- - - - -
=

-

- - -
=

-

- - - + +
=

-

È ˘- - + +Î ˚=
-

È ˘- - + +Î ˚=
-

È ˘- -Î ˚=
-

- +
=

-

= + 1
2        x π

 

 Differentiate ( )
38 1

2 1

x
G x

x

-
=

-
using the Power 

Rule. 
 First, factor the numerator and divide the 

common factors. 
 

( )

( )( )

3

2

2

Difference of cubes

8 1

2 1

2 1 4 2 1
    

2 1

4 2 1

x
G x

x

x x x

x

x x

-=
-
- + +

=
-

= + +
 

 
( ) ( )2

1
2

' 4 2 1

8 2;                

d
G x x x

dx
x x

= + +

= + π
 

 The two results are equivalent. 
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18. Using the Quotient Rule. 

 

( )

( )( ) ( )( )
( )

( )( ) ( )( )
( )

( ) ( )( )
( )

( )
( )

( )( )
( )

3

2 3

2

2 2

2

2 2

2

2

27
'

3

3 3 27 1

3

3 3 3 3 9

3

3 3 3 9

3

2 3 9

3

3 2 3

3

2 3,              for 3

d x
F x

dx x

x x x

x

x x x x x

x

x x x x

x

x x

x

x x

x

x x

Ê ˆ+= Á ˜+Ë ¯

+ - +
=

+

+ - + - +
=

+

+ - - +
=

+

+ -
=

+

+ -
=

+
= - π -

 

 Using the Power Rule. 

 

( )

( )( )

3

2

2

27

3

3 3 9

3

3 9

x
F x

x

x x x

x

x x

+=
+
+ - +

=
+

= - +

 

 
( ) ( )2' 3 9

2 3,              for 3

d
F x x x

dx
x x

= - +

= - π -
 

 The two results are equivalent. 

19. Differentiate 
2 16

4

t
y

t

-
=

+
using the Quotient 

Rule. 

 

( ) ( ) ( ) ( )
( )

( )( ) ( )( )
( )

( )

( )

2

2 2

2

2

2

2 2

2

2

2

16

4

4 16 16 4

4

4 2 16 1

4

2 8 16

4

8 16

4

dy d t

dt dt t

d d
t t t t

dt dt

t

t t t

t

t t t

t

t t

t

Ê ˆ-= Á ˜+Ë ¯

+ - - - +
=

+

+ - -
=

+

+ - +=
+

+ +=
+

 

 

( )
( )

2

2

4

4

1;               4

tdy

dt t

t

+
=

+
= π -

 

 Differentiate 
2 16

4

t
y

t

-
=

+
using the Power Rule. 

 First, factor the numerator and divide the 
common factors. 

 
( )( )

2

Difference of squares

16

4
4 4

    
4

4

t
y

t

t t

t
t

-=
+
+ -

=
+

= -

 

 
( )4

1,          for   4

dy d
x

dt dt
t

= -

= π -
 

 The two results are equivalent. 
 
20. Using the Quotient Rule. 

 

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

( )

( )
( )
( )

2

2

2

2 2

2

2

2

2

2

25

5

5 2 25 1

5

2 10 25

5

10 25

5

5

5

1,              for 5

dy d t

dt dt t

t t t

t

t t t

t

t t

t

t

t

t

Ê ˆ-
= Á ˜-Ë ¯

- - -
=

-

- - -
=

-

- +
=

-

-
=

-
= π

 

 Using the Power Rule. 

 
( )( )

2 25

5
5 5

5
5

t
y

t

t t

t
t

-=
-
- +

=
-

= +

 

 
( )5

1,              for 5

dy d
t

dt dt
t

= +

= π
 

 The two results are equivalent. 
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21. ( ) ( )( )2 23 2 5 4 3 1f x x x x x= - + + -  

 Using the Product Rule, we have: 

 

( ) ( )( )

( ) ( )

( ) ( )
( ) ( )

( ) ( )

( )
( )

2 2

2 2

2 2

2

2

3 2

3 2

3 2

' 3 2 5 4 3 1

3 2 5 4 3 1

      4 3 1 3 2 5

3 2 5 8 3

      4 3 1 6 2

Simplifying, we get

24 7 34 15

       24 10 12 2

48 3 22 17

d
f x x x x x

dx
d

x x x x
dx

d
x x x x

dx

x x x

x x x

x x x

x x x

x x x

È ˘= - + + -Î ˚

= - + ◊ + - +

+ - ◊ - +

= - + ◊ + +

+ - ◊ -

= - + + +

+ - +

= + + +

 

 

22. ( ) ( )( )2 25 4 3 2 3 1g x x x x x= + - - +  

 Using the Product Rule, we have: 

 

( ) ( )( )
( ) ( )

( ) ( )
( )

( )

2 2

2

2

3 2

3 2

3 2

' 5 4 3 2 3 1

5 4 3 4 3

      2 3 1 10 4

20 24 9

       20 22 2 4

40 21 26 13

d
g x x x x x

dx

x x x

x x x

x x x

x x x

x x x

È ˘= + - - +Î ˚

= + - ◊ - +

- + ◊ +

= + - + +

- - +

= - - +

 

23. 
2

3

5 1

2 3

x
y

x

-
=

+
 

 Using the Quotient Rule. 

( ) ( ) ( ) ( )
( )

( )( ) ( )( )
( )

( )

( )
( )
( )

2

3

3 2 2 3

23

3 2 2

23

4 4 2

23

4 2

23

3

23

5 1

2 3

2 3 5 1 5 1 2 3

2 3

2 3 10 5 1 6

2 3

20 30 30 6

2 3

10 6 30

2 3

2 5 3 15

2 3

dy d x

dx dx x

d d
x x x x

dx dx

x

x x x x

x

x x x x

x

x x x

x

x x x

x

Ê ˆ-
= Á ˜+Ë ¯

+ - - - +
=

+

+ - -
=

+

+ - +
=

+

- + +=
+

- - -
=

+

 

24. 
4

3

3 2

1

x x
y

x

+
=

-
 

 Using the Quotient Rule. 

( ) ( ) ( ) ( )
( )

( )( ) ( )( )
( )

( )
( )

( )

4

3

3 4 4 3

23

3 3 4 2

23

6 3 6 3

23

6 3

23

3 2

1

1 3 2 3 2 1

1

1 12 2 3 2 3

1

12 10 2 9 6

1

3 16 2

1

dy d x x

dx dx x

d d
x x x x x x

dx dx

x

x x x x x

x

x x x x

x

x x

x

Ê ˆ+= Á ˜-Ë ¯

- + - + -
=

-

- + - +
=

-

- - - +
=

-

- -=
-

 

 

25. ( ) ( )( )28 5 3G x x x x= + +  

 ( ) ( )( )1 122 28 5 3       G x x x x x xÈ ˘= + + =Í ˙Î ˚
 

 Using the Product Rule, we have: 

 

( ) ( )( )

( ) ( )

( ) ( )
( ) ( )

( )

( )

1 22

1 22

12 2

1
2

12 2

32 2

3 12 2 2

3
2

2
1

2

' 8 5 3

8 5 3

      5 3 8

8 10

1
      5 3 8

2

Simplifying, we get

80 10

5 3
      40 24

2 2

25 3
120 24

2 2

d
G x x x x

dx
d

x x x
dx

d
x x x

dx

x x x

x x

x x

x x x

x
x

x

-

-

È ˘= + +Í ˙Î ˚

= + ◊ + +

+ ◊ +

= + ◊ +

Ê ˆ+ ◊ +Á ˜Ë ¯

= + +

Ê ˆ+ + +Á ˜Ë ¯

= + + +
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26. ( ) ( )( )23 4 7 1F x x x x= - + +  

 Using the Product Rule, we have: 

 

( ) ( )( )
( ) ( )

( ) ( )

( )

( ) ( )

( )

2

2

2

12 2

1
2

3 1
2 2

3 1
2 2

3
2 1

2

3 4 7 1

3 4 7 1

      7 1 3 4

7
3 4

2

      7 1 6 4

21
14

2

       42 6 28 4

105
6 42 4

2

d
F x x x x

dx
d

x x x
dx
d

x x x
dx

x x x

x x

x x

x x x

x
x x

-

È ˘= - + +Î ˚

= - + ◊ + +

+ ◊ - +

Ê ˆ= - + ◊ +Á ˜Ë ¯

+ ◊ - +

Ê ˆ= - + +Á ˜Ë ¯

- - + +

= - - + +

 

27. ( ) 35
3

t
g t t

t
= +

-
 

 Differentiating we have: 

 

( )

( )

3

3

' 5
3

5
3

d t
g t t

dt t

d t d
t

dt t dt

Ê ˆ= +Á ˜Ë ¯-

Ê ˆ= +Á ˜Ë ¯-

 

We will apply the Quotient Rule to the first 
term, and the Power Rule to the second term. 

 

( )
( ) ( ) ( )

( )

( )( ) ( )
( )

( )

2
2

Quotient Rule

2
2

2
2

3 3
' 15

3

3 1 1
15

3

3
15

3

d d
t t t t

dt dtg t t
t

t t
t

t

t
t

- ◊ - ◊ -
= +

-

- - -
= +

-

= +
-

14444244443

 

 

28. ( ) 42
5 2

t
f t t

t
= -

+
 

 

( )

( )( ) ( )
( )

4

3
2

Quotient Rule

' 2
5 2

5 2 1 2
8

5 2

d t
f t t

dt t

t t
t

t

Ê ˆ= -Á ˜Ë ¯+
+ -

= -
+

1442443

 

 ( )
( )

3
2

5
' 8

5 2
f t t

t
= -

+
 

29. ( ) ( ) ( )( )2
3 3 3F x x x x= + = + +  

 Using the Product Rule, we have 

 

( ) ( )( )

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

( )

' 3 3

3 3 3 3

3 1 3 1

2 6

2 3

d
F x x x

dx
d d

x x x x
dx dx

x x

x

x

È ˘= + +Î ˚

= + ◊ + + + ◊ +

= + ◊ + + ◊
= +
= +

 

30. ( ) ( ) ( )( )2
5 4 5 4 5 4G x x x x= - = - -  

 Using the Product Rule, we have 

 

( ) ( )( )

( ) ( )

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

' 5 4 5 4

5 4 5 4

       5 4 5 4

5 4 5 5 4 5

50 40

d
G x x x

dx
d

x x
dx

d
x x

dx

x x

x

È ˘= - -Î ˚

= - ◊ - +

- ◊ -

= - ◊ + - ◊
= -

 

31. ( ) ( )( )23 3 34 4 4y x x x x x x= - = - -  

 Using the Product Rule, we have 

 

( )( )

( ) ( )

( ) ( )
( ) ( )

( ) ( )
( )( )

3 3

3 3

3 3

3 2

3 2

3 2

4 4

4 4

      4 4

4 3 4

       4 3 4

2 4 3 4

dy d
x x x x

dx dx
d

x x x x
dx

d
x x x x

dx

x x x

x x x

x x x

È ˘= - -Î ˚

= - ◊ - +

- ◊ -

= - ◊ - +

- ◊ -

= - -

 

32. ( )223 4 5y x x= - +  

  ( )( )2 23 4 5 3 4 5x x x x= - + - +  

 Using the Product Rule, we have 

 

( )( )

( ) ( )

( ) ( )
( ) ( )

( ) ( )
( )( )

2 2

2 2

2 2

2

2

2

3 4 5 3 4 5

3 4 5 3 4 5

      3 4 5 3 4 5

3 4 5 6 4

       3 4 5 6 4

2 3 4 5 6 4

dy d
x x x x

dx dx
d

x x x x
dx

d
x x x x

dx

x x x

x x x

x x x

È ˘= - + - +Î ˚

= - + ◊ - + +

- + ◊ - +

= - + ◊ - +

- + ◊ -

= - + -

 

Copyright © 2012 Pearson Education, Inc. Publishing as Addison-Wesley



Exercise Set 1.6 147

33. ( ) ( )3 4 35 5 10 2g x x x x x-= - + -  

 Using the Product Rule: 

 

( ) ( )

( ) ( )
( )( )

( )( )

3 4 3

4 3 3

3 3 2

4 3 4

1 3 1

3 4

3 4

' 5 5 10 2

5 10 2 5

5 4 15 10

5 10 2 15

Simplifying, we get

20 75 50 15 75

     150 30

5 100 30

d
g x x x x x

dx
d

x x x x
dx

x x x

x x x x

x x x

x x

x x

-

-

-

-

- - -

- -

- -

= - + - +

- + -

= - + +

- + - -

= - + - + -
+

= - +

 

 

34. ( ) ( )4 3 26 6 10 8 3f x x x x x-= + - +  

 Using the Product Rule: 

 

( ) ( )( )
( )( )

4 2

3 2 5

2 3 4

2 3 4 5

2 3 4 5

' 6 18 20 8

6 10 8 3 24

108 120 48

  144 240 192 72

36 120 144 72

f x x x x

x x x x

x x x

x x x x

x x x x

-

-

- - -

- - - -

- - - -

= + - +

+ - + -

= + - -
- + -

= - - + -

 

 

35. ( ) ( ) ( )( )2 1 22
3 2 3F t t t t t t

t
-Ê ˆ= + - = + -Á ˜Ë ¯

 

 Using the Product Rule, we have: 

 

( ) ( )( )

( ) ( )

( ) ( )

1 2

1 2

2 1

' 2 3

2 3

        3 2

d
f t t t t

dt
d

t t t
dt

d
t t t

dt

-

-

-

È ˘= + -Î ˚

= + ◊ - +

- ◊ +

 

 

( ) ( ) ( ) ( ) ( )

( )

1 2 2

2 2 2

2 2

2
2

' 2 2 3 1 2

Simplifying, we get

2 4 2 3 6

3 1 6

6
3 1

f t t t t t t

t t t

t t

t
t

- -

-

-

= + ◊ + - ◊ -

= + + - - +

= - +

= - +

 

 
 
 
 
 
 
 

36. ( ) ( ) ( )( )5 2 5 2 15
3 3 5G t t t t t t t t

t
-Ê ˆ= - - = - -Á ˜Ë ¯

 

 Using the Product Rule, we have: 

 

( ) ( )( )
( )( )

( )( )

( )
( )

5 2 1

5 2 2

1 4

5 3 2

5 3 2

5 3 2

' 3 5

3 1 5

        5 15 2

Simplifying, we get

3 15 5

      15 75 2 10

18 60 3 5,      for 0

d
G t t t t t

dt

t t t

t t t t

t t t

t t t

t t t t

-

-

-

È ˘= - -Î ˚

= - + +

- -

= + - - +

- - +

= - - + π

 

 

37. 
2

2
3

1
5

1

x
y x

x

+
= -

-
 

 Differentiating we have: 

 

( )

2
2

3

2
2

3

1
5

1

1
5

1

dy d x
x

dx dx x

d x d
x

dx dxx

Ê ˆ+= -Á ˜-Ë ¯

Ê ˆ+
= -Á ˜-Ë ¯

 

We will apply the Quotient Rule to the first 
term, and the Power Rule to the second term. 

 

( ) ( ) ( ) ( )
( )

( )
( )

( )

3 2 2

23

Quotient Rule

4 4 2

23

4 2

23

1 2 1 3
10

1

Simplifying, we get

2 2 3 3
10

1

3 2
10

1

x x x xdy
x

dx x

x x x x
x

x

x x x
x

x

- ◊ - + ◊
= -

-

- - +
= -

-

- - -
= -

-

1444442444443

 

38. 
3

3
2

1
4

1

x
y x

x

-
= +

+
 

 Differentiating we have: 

 
3

3
2

1
4

1

dy d x
x

dx dx x

Ê ˆ-= +Á ˜+Ë ¯
 

 

( ) ( ) ( ) ( )
( )

( ) ( )
( )

( )

2 2 3

2
22

4 2 4

2
22

4 2
2

22

1 3 1 2
12

1

3 3 2 2
12

1

3 2
12

1

x x x xdy
x

dx x

x x x x
x

x

x x x
x

x

+ ◊ - - ◊
= +

+

+ - -
= +

+

+ +
= +

+
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39. 
1

3 3

1
2

7 7

3 3

x x
y

x x

- -= =
+ +

 

 Using the Quotient Rule. 

( ) ( ) ( ) ( )
( )

( ) ( )
( )

1
3

1
2

1 11 1
3 32 2

21
2

2 11 1
3 32 2

21
2

7

3

3 7 7 3

3

1 1
3 7

3 2

3

dy d x

dx dx x

d d
x x x x

dx dx

x

x x x x

x

- -

Ê ˆ-= Á ˜Á ˜+Ë ¯

+ - - - +
=

+

Ê ˆ Ê ˆ+ - -Á ˜ Á ˜Ë ¯ Ë ¯
=

+

 

Note, the previous derivative can be simplified 
as follows 

 

( ) ( )
( )

( )

( )

( )

( )

2 11 1
3 32 2

21
2

1 2 1 1
6 3 6 2

21
2

1 2 1 1
6 3 6 2

21
2

2 1 1
3 6 2 2

3

2 21 32

1
6

22
3

1 1
3 7

3 2

3

1 1 7
3 2 2

3

1 1 7
3 2 2

3

1 7
66 2

63

6 21

6 3

x x x x
dy

dx
x

x x x x

x

x x x x

x

x x x x

xx

x x

x x

- -

- - - -

- - - -

- - -

Ê ˆ Ê ˆ+ - -Á ˜ Á ˜Ë ¯ Ë ¯
=

+

+ - +
=

+

+ - +
=

+

- +
= ◊

+

- +
=

+

 

 

40. 
1

2

13
3

4 4

5 5

x x
y

x x

+ += =
- -

 

 Using the Quotient Rule. 

 ( ) ( )
( )

1
2

1
3

1 21 1
3 32 2

21
3

4

5

1 1
5 4

2 3

5

dy d x

dx dx x

x x x x

x

--

Ê ˆ+= Á ˜Á ˜-Ë ¯

Ê ˆ Ê ˆ- - +Á ˜ Á ˜Ë ¯ Ë ¯
=

-

 

  
 

 Simplifying the derivative, we get 

 

( )
1

6

22 1
3 3

8 15

6 5

dy x x

dx
x x

- + -==
-

 

 

41. ( ) 1 1

x
f x

x-=
+

 

 Using the Quotient Rule, we have 

 

( )

( ) ( ) ( ) ( )
( )

( )( ) ( )( )
( )

( )

( )

1

1 1

21

1 2

21

1 1

21

1

21

for 0
and 1

'
1

1 1

1

1 1 1

1

1

1

2 1
,            

1

x
x

d x
f x

dx x

d d
x x x x

dx dx

x

x x x

x

x x

x

x

x

-

- -

-

- -

-

- -

-

-

-

π
π-

Ê ˆ= Á ˜Ë ¯+

+ - +
=

+

+ - -
=

+

+ +
=

+

+=
+

 

Note, the previous derivative could be 
simplified as follows: 

( )
( )

1

21

2

2

2 1
'

1

2
1

1
1

2

1

x
f x

x

x

x

x

x
x

x

-

-

+
=

+

+
=
Ê ˆ+Á ˜Ë ¯

+

=
+Ê ˆ

Á ˜Ë ¯

 

 

( )
( )

( )
( )

2

2

2
for 0
and 1

2
'

1

2
,               

1

x
x

x x
f x

x x

x x

x

π
π-

+
= ◊

+

+
=

+
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42. ( )
1

1

x
f x

x x

-

-=
+

 

 Using the Quotient Rule, we have 

 

( )

( )( ) ( )( )
( )

( )

( )

1

1

1 2 1 2

21

1 3 1 3

21

1

21

'

1 1

1

2
,           for 0

1

d x
f x

dx x x

x x x x x

x x

x x x x

x

x
x

x

-

-

- - - -

-

- - - -

-

-

-

Ê ˆ
= Á ˜+Ë ¯

+ - - -
=

+

- - - +=
+

-= π
+

 

The previous derivative can be simplified as 
follows: 

 ( )
( )22

2
' ,         for 0

1

x
f x x

x

-
= π

+
 

 

43. ( ) 1

4
F t

t
=

-
 

 Using the Quotient Rule, we have 

 

( )

( ) ( ) ( ) ( )
( )

( )( ) ( )( )
( )

( )

2

2

2

1
'

4

4 1 1 4

4

4 0 1 1

4

1

4

d
F t

dt t

d d
t t

dt dt

t

t

t

t

Ê ˆ= Á ˜Ë ¯-

- - -
=

-

- -
=

-
-=
-

 

 

44. ( ) 1

2
G t

t
=

+
 

 Using the Quotient Rule, we have 

 

( )

( )( ) ( )( )
( )

( )

2

2

1
'

2

2 0 1 1

2

1

2

d
G t

dt t

t

t

t

Ê ˆ= Á ˜Ë ¯+
+ -

=
+

-
=

+

 

 
 
 
 

45. ( )
2

2

3 2

1

x x
f x

x

+
=

+
 

 Using the Quotient Rule, we have  

( )

( ) ( ) ( ) ( )
( )

( )( ) ( )( )
( )

( )
( )

( )
( )
( )

2

2

2 2 2 2

22

2 2

22

3 2 3 2

22

2

22

2

22

3 2
'

1

1 3 2 3 2 1

1

1 6 2 3 2 2

1

6 2 6 2 6 4

1

2 6 2

1

2 3 1

1

d x x
f x

dx x

d d
x x x x x x

dx dx

x

x x x x x

x

x x x x x

x

x x

x

x x

x

Ê ˆ+= Á ˜+Ë ¯

+ + - + +
=

+

+ + - +
=

+

+ + + - +
=

+

- + +=
+

- - -
=

+

 

 

46. ( )
2

2

3 5

1

x x
f x

x

-
=

-
 

 Using the Quotient Rule, we have 

 

( )

( )( ) ( )( )
( )

( )
( )

( )

2

2

2 2

22

3 2 3 2

22

2

22

3 5
'

1

1 6 5 3 5 2

1

6 5 6 5 6 10

1

5 6 5

1

d x x
f x

dx x

x x x x x

x

x x x x x

x

x x

x

Ê ˆ-
= Á ˜-Ë ¯

- - - -
=

-

- - + - -
=

-

- +=
-
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47. ( )
2

2

3 5

2 4

t t
g t

t t

- + +
=

- +
 

 the Quotient Rule, we have 

( )

( ) ( )
( )
( ) ( )

( )
( )( ) ( )( )

( )

2 2

22

2

2

2 2

22

2 2

22

2 4 3 5

2 4

                 

3 5
'

2 4

3 5 2 4

2 4

2 4 2 3 3 5 2 2

2 4

d
t t t t

dt

t t

d t t
g t

dt t t

d
t t t t

dt

t t

t t t t t t

t t

- + - + +
= -

- +

Ê ˆ- + += Á ˜- +Ë ¯

- + + - +

- +

- + - + - - + + -
=

- +

 

Note, the previous derivative could be 
simplified as follows: 

( ) ( )
( )

( )

3 2 3 2

22

2

22

2 7 14 12 2 8 4 10
'

2 4

18 22

2 4

t t t t t t
g t

t t

t t

t t

- + - + - - + + -
=

- +

- - +
=

- +

 

 

48. ( )
2

2

3 2 1

4 1

t t
f t

t t

+ -
=
- + +

 

 Using the Quotient Rule, we have 
 

( )

( )( ) ( )( )
( )

2

2

2 2

22

3 2 1
'

4 1

4 1 6 2 3 2 1 2 4

4 1

d t t
f t

dt t t

t t t t t t

t t

Ê ˆ+ -
= Á ˜- + +Ë ¯

- + + + - + - - +
=

- + +

 

The previous derivative can be simplified as 
follows: 

 ( )
( )

2

22

14 4 6
'

4 1

t t
f t

t t

+ +=
- -

. 

 
49. – 96.   Left to the student. 
 

97. 
2

8

4
y

x
=

+
 

 
( )( ) ( )

( )
2

22

4 0 8 2

4

x xdy

dx x

+ -
=

+
 

 
( )22

16

4

dy x

dx x

-
=

+
 

When 0x = , 
( )

( )22

16 0
0,

0 4

dy

dx

-
= =

+
so the slope of 

the tangent line at ( )0,2 is 0.  The equation of 

the horizontal line passing through ( )0,2  is 

2.y =  

When 2x = - , 
( )

( )( )22

16 2 32 1
,

64 22 4

dy

dx

- -
= = =

- +
so 

the slope of the tangent line at ( )2,1- is 
1

2
. 

Using the point-slope equation, we have: 

( )
( )( )

1 1

1
1 2

2
1

1 1
2
1

2
2

y y m x x

y x

y x

y x

- = -

- = - -

- = +

= +

 

 

98. 
1

2

1 1

x x
y

x x
= =

+ +
 

 

( ) ( )

( )

( )

( )

1 1
2 2

2

1 1 1
2 2 2

2

1 1
2 2

2

1
1 1

2

1

1 1
2 2

1

2 1

x x x
dy

dx x

x x x

x

x x

x

-

-

-

Ê ˆ+ ◊ - ◊Á ˜Ë ¯
=

+

+ -
=

+

- +
=

+

 

When 1x = , ( )
1 1

1 1 2
y = =

+
. 

( ) ( )
( )

1 1
2 2

2

1 1
0

2 1 1

dy

dx

-- +
= =

+
  

Therefore, the slope of the tangent line at 

1
1,

2
Ê ˆ
Á ˜Ë ¯

is 0.  The equation of the horizontal line 

passing through 
1

1,
2

Ê ˆ
Á ˜Ë ¯

 is 
1

.
2

y =  

When 
1

4
x = , 

1 1
1 4 24 2

51 2 5 5
1

44

y = = = ◊ =
Ê ˆ +Á ˜Ë ¯
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1 1
2 2

2

1 1 1
2 3 8 124 4 2

25 2 25 251
2 1 84

dy

dx

-
Ê ˆ Ê ˆ- + - +Á ˜ Á ˜Ë ¯ Ë ¯

= = = ◊ =
Ê ˆ+Á ˜Ë ¯

Therefore, the slope of the tangent line at 

1 2
,

4 5
Ê ˆ
Á ˜Ë ¯

is 
12

25
. Using the point-slope equation, 

we have: 

( )1 1

2 12 1

5 25 4

2 12 3

5 25 25
12 7

25 25

y y m x x

y x

y x

y x

- = -

Ê ˆ- = -Á ˜Ë ¯

- = -

= +

 

 

99. 2 3

1
y x

x
= +

-
 

 

( )( ) ( )
( )

( )

2

2

1 0 3 1
2

1

3
2

1

xdy
x

dx x

x
x

- -
= +

-

= -
-

 

When 2x = , ( )2 3
2 4 3 7

2 1
y = + = + =

-
, and 

( )
( )2

3
2 2 4 3 1

2 1

dy

dx
= - = - =

-
.  

Therefore, the slope of the tangent line at 

( )2,7 is 1.  

Using the point-slope equation, we have: 

( )
( )

1 1

7 1 2

7 2

5

y y m x x

y x

y x

y x

- = -

- = -
- = -

= +

 

When 3x = , ( )2 3 3 21
3 9

3 1 2 2
y = + = + =

-
, and 

( )
( )2

3 3 21
2 3 6

4 43 1

dy

dx
= - = - =

-
.  

Therefore, the slope of the tangent line at 
21

3,
2

Ê ˆ
Á ˜Ë ¯

is 
21

4
.  

 
 
 
 
 

Using the point-slope equation, we have: 

( )
( )

1 1

21 21
3

2 4
21 21 63

2 4 4
21 21

4 4

y y m x x

y x

y x

y x

- = -

- = -

- = -

= -

 

100. 
2

4

1

x
y

x
=

+
 

 

( )( ) ( )
( )

( )

( )

2

22

2 2

22

2

22

1 4 4 2

1

4 4 8

1

4 4

1

x x xdy

dx x

x x

x

x

x

+ -
=

+

+ -
=

+

-
=

+

 

When 0x = , 
( )

( )( )
2

22

4 4 0
4

1 0

dy

dx

-
= =

+
.  

Therefore, the slope of the tangent line at 

( )0,0 is 4.  

Using the point-slope equation, we have: 

( )
( )

1 1

0 4 0

4

y y m x x

y x

y x

- = -

- = -
=

 

When 1x = - , 
( )

( )( )
2

22

4 4 1 0
0

41 1

dy

dx

- -
= = =

+ -
.  

Therefore, the slope of the tangent line at 

( )1, 2- - is 0. The equation of the horizontal line 

passing through ( )1, 2- -  is 2.y = -  

 
101. The average cost of producing x items 

is ( ) ( )
C

C x
A x

x
= . Therefore, 

 ( ) 950 15
C

x
A x

x

+
= . 

 Next, we take the derivative using the Quotient 
Rule to find the rate at which average cost is 
changing. 
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 ( )
1

2950 15
'C

d x
A x

dx x

Ê ˆ+= Á ˜Á ˜Ë ¯
 

 

( )
( )( )
( )

1 1
2 2

2

1 1
2 2

2

1
2

2

2

15
950 15 1

2
'

15
950 15

2

15
950

2

15
950

2

C

x x x

A x
x

x x

x

x

x

x

x

-Ê ˆ - +Á ˜Ë ¯
=

- -
=

- -
=

- -
=

 

  Substituting 400 for x, we have 

 

( )
( )2

15
400 950

2' 400
400

150 950

160,000

0.006875

CA
- -

=

- -=

ª -

 

 Therefore, when 400 jackets have been 
produced, average cost is changing at a rate of 

0.0069- dollars per jacket. 
 

102. ( ) ( )
C

C x
A x

x
=  

 ( )
3

4375 0.75
C

x
A x

x

+
=  

( )
( )( )31

4 4

2

3 3
4 4

2

3
4

2

3
0.75 375 0.75 1

4
'

9 3
375

16 4

3
375

16

C

x x x

A x
x

x x

x

x

x

-Ê ˆÊ ˆ - +Á ˜Á ˜Ë ¯Ë ¯
=

- -
=

- -
=

 

 Substituting 81 for x, we have: 

 

( )
( )
( )

3
4

2

3
81 375

16' 81
81

0.05792753

0.0579

CA

- -
=

= -
ª -

 

 Therefore, when 81 bottles of barbecue sauce 
have been produced, the average cost is 
changing at a rate of 0.0579- dollars per bottle.  

103. The average revenue of producing x items 

is ( ) ( )
R

R x
A x

x
= . Therefore, 

 ( ) 1
2

85 85
R

x
A x

x x
= = . 

 Next, we take the derivative using the Quotient 
Rule to find the rate at which average revenue is 
changing. 

 

( )

( ) ( )

( )
1 1

2 2

21
2

1
2

3
2

85
'

1
0 85

2

85
2

85

2

R

d
A x

dx x

x x

x

x

x

x

-

-

Ê ˆ
= Á ˜Ë ¯

Ê ˆ- Á ˜Ë ¯
=

-
=

= -

 

  Substituting 400 for x, we have 

 

( )
( )3

2

85
' 400

2 400

85

16000
0.00531250

RA = -

= -

= -

 

 Therefore, when 400 jackets have been 
produced, average revenue is changing at a rate 
of 0.0053- dollars per jacket. 

104. ( ) ( )
R

R x
A x

x
=  

 ( )
0.7

0.3

7.5 7.5
R

x
A x

x x
= =  

( ) ( ) ( )( )
( )

0.3 0.7

20.3

0.7

0.6

1.3

0 7.5 0.3
'

2.25

2.25

R

x x
A x

x

x

x

x

-

-

-
=

-=

= -

 

 Substituting 81 for x, we have: 

 

( )
( )1.3

2.25
' 81

81

0.007432792

0.0074

RA = -

= -
ª -

 

 Therefore, when 81 bottles of barbecue sauce 
have been produce, the average revenue is 
changing at rate of 0.0074- dollars per bottle.  
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105. ( ) ( ) ( ) ( )
P

P x R x C x
A x

x x

-
= =  

 From Exercises 101 and 103, we know that 

 ( )
( )1 1

2 2 1
285 950 15 70 950

P

x x x
A x

x x

- + -
= =  

Using the Quotient Rule to take the derivative, 
we have:  

 

( )
( )( )
( )

1 1
2 2

2

1 1
2 2

2

1
2

2

70
70 950 1

2
'

35 70 950

35 950

P

x x x

A x
x

x x

x

x

x

-Ê ˆ - -Á ˜Ë ¯
=

- +
=

- +=

 

 Substituting 400 for x, we have: 

 

( ) ( )
( )

1
2

2

35 400 950
' 400

400

700 950

16,000

250

16,000

0.015625

PA
- +

=

- +=

=

ª

 

When 400 jackets have been produced and sold, 
the average profit is changing at a rate of 0.0156 
dollars per jacket. 

  
Alternatively, we could have used the 
information in Exercises 101 and 103 to find the 
rate of change of average profit when 400 
jackets are produced and sold. Notice that 

  

( ) ( ) ( )
( )

' ' '

0.0053125 0.006875

0.00156250

P R CA x A x A x= -

= - - -
=

 

 
106.  ( ) ( ) ( )' ' 'P R CA x A x A x= -  

 
( )0.0074 0.0579

0.0505

= - - -
=

 

Therefore, when 81 bottles where produced and 
sold, average profit is changing at rate of 0.050 
dollars per bottle. 

 
 
 
 
 
 
 

107. The average profit of producing x items is  

( ) ( ) ( )
P

R x C x
A x

x

-
= . Therefore, 

( ) ( )0.9 0.6

0.9 0.6

65 4300 2.1

65 2.1 4300
 .

P

x x
A x

x

x x

x

- +
=

- -=

 

Using the Quotient Rule to take the derivative, 
we have 
( )
( ) ( )( ) ( )( )

( )
( )

0.1 0.4 0.9 0.6

2

0.9 0.6 0.9 0.6

2

0.9 0.6

2

65 0.9 2.1 0.6 65 2.1 4300 1

'

58.5 1.26 65 2.1 4300

6.5 0.84 4300

P

x x x x x

x

A x

x x x x

x

x x

x

- -- - - -
=

- - - -
=

- + +
=

 

 Substituting 50 for x, we have 

 

( ) ( ) ( )
( )

0.9 0.6

2

6.5 50 0.84 50 4300
' 50

50

4089.00428745

2500
1.63560171

1.64

PA
- + +

=

=

=
ª

 

Therefore, when 50 vases have been produced 
and sold, the average profit is changing at rate 
of 1.64 dollars per vase. 

 

108. ( ) ( ) ( )
P

R x C x
A x

x

-
= . 

 Therefore, 

 
( ) ( )0.8 0.7

0.8 0.7

75 900 18

75 18 900
 .

P

x x
A x

x

x x

x

- +
=

- -=

 

( )
( ) ( )( )

( )

0.2 0.3 0.8 0.7

2

0.8 0.7

2

'

12.6 75 18 900 1

15 5.4 900

60
PA x

x x x x x

x

x x

x

- -- - - -
=

- + +
=
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 Substituting 20 for x, we have 

 

( ) ( ) ( )
( )

0.8 0.7

2

15 20 5.4 20 900
' 20

20

779.18169591

400
1.94795424

1.95

PA
- + +

=

=

=
ª

 

Therefore, when 20 skateboards have been 
produced and sold, the average profit is 
changing at rate of 1.95 dollars per skateboard. 

 

109. ( ) ( )0.6567 36 104P t t t= + -  

 a) Using the Product Rule and remembering 
that the derivative of a constant is 0, we 
have 

  

( ) ( )( ) ( )( )0.4 0.6

0.6 0.6

0.6

' 0 36 0.6 36 104 1

21.6 36 104

57.6 104

P t t t t

t t

t

-= + + -

= + -
= -

 

 b) Substituting 45 for t, we have: 

  

( ) ( )0.6
' 45 57.6 45 104

565.39243291 104

461.39243291

P = -
= -
=

 

 c) tw ( )' 45P is the rate of change of the gross 

domestic product 45 years after 1960, or in 
2005.  In other words, the U.S. Gross 
domestic product was increasing at a rate of 
461.39243291 billion dollars per year in 
2005. 

 

110. ( ) 2

500

2 9

t
P t

t
=

+
 

 a) ( ) ( )( ) ( )( )
( )

2

22

2 9 500 500 4
'

2 9

t t t
P t

t

+ -
=

+
 

   
( )

( )

2 2

22

2

22

1000 4500 2000

2 9

1000 4500

2 9

t t

t

t

t

+ -
=

+

- +=
+

 

 b) ( ) ( )
( )2

500 12 6000
12 20.2020

2972 12 9
P = = =

+
 

After 12 months, the city’s population is 
approximately 20.2020 thousand people or 
20,202 people. 

 

 c) ( ) ( )
( )( )

2

22

1000 12 4500
' 12

2 12 9
P

- +
=

+
 

  ( ) 139,500
' 12

88209
1.58147128

P
-=

= -
 

The city population is growing at rate of 
1.581- thousand people per month.  In other 

words, the city population is declining at a 
rate of 1,581 people per month. 

 

111. ( ) 2

4
98.6

1

t
T t

t
= +

+
 

 a) ( ) ( )( ) ( )( )
( )

2

22

1 4 4 2
' 0

1

t t t
T t

t

+ -
= +

+
 

   
( )

( )

2 2

22

2

22

4 4 8

1

4 4

1

t t

t

t

t

+ -
=

+

- +=
+

 

 b) ( ) ( )
( )2

4 2 8
2 98.6 98.6 100.2

52 1
T = + = + =

+
 

After 2 hours, the temperature of the ill 
person is approximately 100.2 degrees 
Fahrenheit. 

 c) ( ) ( )
( )( )

2

22

4 2 4 12
' 2 0.48

252 1
T

- + -= = = -
+

 

After 2 hours, the person’s temperature is 
changing at rate of 0.48-  degrees per hour. 

 

112. ( )
2

3
7

2
4

5

xf x

x

-
=

+
 

 Simplifying the function we have: 

 

( )

( ) ( )
( ) ( )

2

2

2

2

2

2

2

3
7 22
4 25

7 2 3

4 2 5 2

14 3

8 10

xxf x
x

x

x x

x

x x

x

-
= ◊

+

-
=

+

-=
+

 

We apply the quotient rule to take the 
derivative. 
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( ) ( )( ) ( )( )
( )

( )

( )

2 2

22

3 2 3 2

22

2

22

8 10 28 3 14 3 20
'

8 10

280 30 224 24 280 60

8 10

30 224 24

8 10

x x x x x
f x

x

x x x x x

x

x x

x

+ - - -
=

+

- + - - +
=

+

+ -
=

+

 

The previous derivative can be simplified as 
follows: 

 ( )
( )
2

22

15 112 12
'

2 5 4

x x
f x

x

+ -=
+

. 

 
113. ( ) ( )( )5 1 2 3y t t t t= - +  

First, group the factors of ( )y t in order to apply 

the product rule. 

 ( ) ( ) ( )5 1 2 3y t t t tÈ ˘= - ◊ +Î ˚  

Now we can take the derivative. Notice that 
when we take the derivative of the first term, 

( )5 1t tÈ ˘-Î ˚ we will have to apply the Product 

Rule again. 

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

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

Product Rule for 5 1

' 5 1 2 2 3 5 1 1 5

10 1 2 3 5 5 5

10 1 2 3 10 5

t t

y t t t t t t

t t t t t

t t t t

È ˘-Î ˚

È ˘
Í ˙È ˘= - + + + -Î ˚ Í ˙
Í ˙Î ˚

= - + + + -

= - + + -

144424443

 

The previous derivative can be simplified as 
follows: 

 
( ) 2 2

2

' 10 10 20 30 10 15

30 10 15

y t t t t t t

t t

= - + + - -

= + -
 

 

114. ( ) ( ) ( )3 43 6 2 3 7f x x x x xÈ ˘= + - +Î ˚  

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

( )

( )

3 3

4 2 3

7 5 4

4 3 3

7 5 4

4 3

7 5 4 7

5 4 3

7 5 4

' 3 6 2 12

   3 7 9 6 3 6 2 1

36 72 24

   3 7 9 6 3 6 2

36 72 24

    3 7 12 12 2

36 72 24 36

        36 6 84 84 14

72 108 30 84

f x x x x x

x x x x x

x x x

x x x x x

x x x

x x x

x x x x

x x x x

x x x

È ˘= + - +Î ˚
È ˘+ + + + -Î ˚

= + - +

È ˘+ + + + -Î ˚
= + - +

È ˘+ + -Î ˚
= + - + +

- + + -
= + - + 3 84 14x x+ -

 

 

115. ( ) ( )
2

3
2

1
8

1

x
g x x

x

+
= - ◊

-
 

 We will begin by applying the Product Rule. 

( ) ( ) ( )
2 2

3 3
2 2

1 1
' 8 8

1 1

d x x d
g x x x

dx dxx x

Ê ˆ+ += - + ◊ -Á ˜- -Ë ¯
 

Notice, that we will have to apply the 
Quotient Rule to take the derivative of 

2

2

1

1

x

x

+
-

. 

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

( )

( ) ( ) ( )

2 2

3
22

2
2

2

2
3 2

2 22

1 2 1 2
' 8

1

1
                                               3

1

4 1
8 3

11

x x x x
g x x

x

x
x

x

x x
x x

xx

- - +
= - +

-

Ê ˆ+ ◊Á ˜-Ë ¯

Ê ˆ- +
= - + ◊Á ˜-Ë ¯-

 

The following derivative can be simplified as 
follows. 

 

( ) ( )
( )

( )

( )

( )

( )

3 2 2

2 22

4 4 2 2

2 2 22

4 6 2

22

6 4 2

22

4 8 3 1
'

11

4 32 3 3 1

1 11

4 32 3 3

1

3 4 3 32

1

x x x x
g x

xx

x x x x x

x xx

x x x x

x

x x x x

x

- - +
= +

--

- + + -
= + ◊

- --

- + + -=
-

- - +=
-

 

 

116. ( ) ( )
3

5
3

1
3

1

t
f t t

t

-
= + ◊

+
 

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

( )

( ) ( )
( )

( )
( )

3 2 3 2

5
23

3
4

3

2 3
5 4

2 33

2 5 4 3

2 33

1 3 1 3
' 3

1

1
                                                  5

1

6 1
3 5

11

6 3 5 1

11

t t t t
f t t

t

t
t

t

t t
t t

tt

t t t t

tt

È ˘+ - -Í ˙= + +
Í ˙+Î ˚

Ê ˆ-
Á ˜+Ë ¯

È ˘ Ê ˆ-Í ˙= + + Á ˜Í ˙ +Ë ¯+Î ˚
+ -

= +
++
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117. ( ) ( )( )2

4 3

1 1

3 5

x x x
f x

x x

- + +
=

- -
 

First we will group the numerator, to apply the 
Quotient Rule. Remember that we will have to 
apply the Product Rule when taking the 
derivative of the numerator. 

 ( )
( )( )2

4 3

1 1

3 5

x x x
f x

x x

È ˘- + +Î ˚=
- -

 

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

( )
( )( ) ( )

( )
( )

( )
( )

( )
( ) ( )

( )

4 3 2

24 3

2 3 2

24 3

4 3 2 2

24 3

3 3 2

24 3

4 3 2 3 3 2

24 3

6 5 2

'

3 5 1 2 1 1 1

3 5

1 1 4 9
    

3 5

3 5 2 1 1

3 5

1 4 9
        

3 5

3 5 3 1 4 9

3 5

3 9 15 4

f x

x x x x x x

x x

x x x x x

x x

x x x x x x

x x

x x x

x x

x x x x x x

x x

x x x x

È ˘- - - + + + +Î ˚= -
- -

È ˘- + + -Î ˚
- -

È ˘- - - - + + +Î ˚= -
- -

È ˘- -Î ˚
- -

È ˘ È ˘- - - - -Î ˚ Î ˚=
- -

- - -=
( )

( )

6 5 3 2

24 3

6 3 2

24 3

9 4 9

3 5

4 24

3 5

x x x

x x

x x x

x x

+ + -

- -

- + -
=

- -  

 

118. ( ) ( ) 1
 and 

1 1

x
f x g x

x x

-
= =

+ +
 

 a) ( ) ( )( ) ( )
( ) ( )2 2

1 1 1 1
'

1 1

x x
f x

x x

+ -
= =

+ +
  

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

1 0 1 1 1
'

1 1

x
g x

x x

+ - -
= =

+ +
 

 c) tw The two functions have the same rate of 

change. 
 

119. ( ) ( )
2

2 2

1
 and 

1 1

x
f x g x

x x
= =

- -
 

 a)  ( ) ( )( ) ( )
( ) ( )

2 2

2 22 2

1 2 2 2
'

1 1

x x x x x
f x

x x

- - -= =
- -

 

 

 b) ( ) ( )( ) ( )
( ) ( )

2

2 22 2

1 0 1 2 2
'

1 1

x x x
g x

x x

- - -= =
- -

 

 c) tw The two functions have the same rate of 

change. 
 
120. Suppose ( ) ( ) ( ) ( )F x f x g x h x= ◊ ◊ , where 

( )f x is the “first” function, ( )g x is the 

“second” function and ( )h x is the third 

function. Using the associative law of 
multiplication, we can write 

( ) ( ) ( ) ( )F x f x g x h xÈ ˘= ◊ ◊Î ˚  . Then using the 

Product Rule we have: 

 

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

'

' '

'

   ' '

' '

   '

d
F x f x g x h x

dx

f x g x h x h x f x g x

f x g x h x

h x f x g x g x f x

f x g x h x f x g x h x

f x g x h x

È ˘= ◊ ◊Î ˚

È ˘ È ˘= +Î ˚ Î ˚
È ˘= +Î ˚

È ˘+Î ˚
= + +

  

The derivative of the product of three functions 
is the first function times the second function 
times the derivative of the third functions plus 
the first function times the derivative of the 
second function times the third function plus the 
derivative of the first function times the second 
function times the third function. 

 

121. tw In general the derivative of the reciprocal of  

a function is not the reciprocal of the derivative.  
Let ( )'f x be the derivative of ( )f x . Therefore, 

the reciprocal of the derivative is ( )
1

'f x
.  

The reciprocal of the function is ( )
1

f x
, using 

the Quotient Rule, we find the derivative of the 
reciprocal. 

( )
( )( ) ( ) ( )

( )( )
( )
( )( )2 2

0 1 ' '1 f x f x f xd

dx f x f x f x

Ê ˆ -
= = -Á ˜Ë ¯

 

Clearly, the derivative of the reciprocal is not 
equal to the reciprocal of the derivative. 
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122. ( ) 2

2 3

k Q
R Q Q

Ê ˆ= -Á ˜Ë ¯
 

 a) ( )2 1
2

3 2 3

dR k Q
Q Q

dQ
Ê ˆ Ê ˆ= - + -Á ˜ Á ˜Ë ¯ Ë ¯

 

   

2
2

2

1 2
2

3 2 3

k Q
Q Q

Q kQ

= - + -

= - +
 

 b) tw The derivative found in part (a) tells us 

the rate of change of the reaction with 
respect to a small change in the quantity of 
the dose. If the reaction is measured in blood 
pressure, then the derivative tells us at a 
dosage Q,  how much change in millimeters 
of mercury is seen due to a small change in 
the dosage. If the reaction is measured in 
temperature, the derivative tells us at a 
dosage Q, how much change in degrees 
Fahrenheit is seen due to a small change in 
the dosage. 

 
123. a) Definition of the derivative. 
 b) Adding and subtracting the same quantity is 

the same as adding 0. 
 c) The limit of a sum is the sum of the limits. 
 d) Factoring common factors. 
 e) The limit of a product is the product of the 

limits and ( ) ( )
0

lim
h

f x h f x
Æ

+ = . 

 f) Definition of the derivative. 
 g) Using Leibniz’s notation. 
 
124. The break even point occurs when ( ) 0P x = .   

 
( ) ( ) ( )

30.7 47.5 375 0.75

P x R x C x

x x

= -

= - -
 

 Using the window: 

   
 We graph the profit function on the calculator. 

  
 
 
 

The break even point will be the zero or x-
intercept of the function. 

  
We see that the break-even point occurs at 

328x =  bottles.  
 The profit is changing at rate of  

 ( ) 10.3 4' 5.25 0.5625P x x x
--= -  

 Substituting 328 for x we have: 

 

( ) ( ) ( ) 10.3 4' 328 5.25 328 0.5625 328

0.791239

0.79

P
- -= -

=
ª

 

Therefore, at the break-even point, profit is 
increasing at a rate of 0.79 dollars per day, or 79 
cents per day.  
 
From Exercises 102, 104 and 106 we know that: 

( ) ( ) ( )
3

4

1.3 2

3 0.74

2

' ' '

3
3752.25 16

3 36 6000

16

P R CA x A x A x

x

x x

x x

x

= -

- -
= - -

- +
=

 

 Substituting 328 for x we get: 

 

( ) ( ) ( )
( )

3 0.74

2

3 328 36 328 6000
' 328

16 328

0.00241342

0.0024

PA
- +

=

ª
ª

 

At the break-even point, average profit is 
changing at a rate of 0.0024 dollars per day. 

 
125. The break even point occurs when ( ) 0P x = .   

 

( ) ( ) ( )

( )1 1
2 2

1
2

85 950 15

70 950

P x R x C x

x x

x

= -

= - +

= -

 

 Using the window: 
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 We graph the profit function on the calculator. 

  
The break even point will be the zero of the 
function. Using the zero finder on the calculator 
we have: 

  
We see that the break-even point occurs at 

184x = jackets.  
 The profit is changing at rate of  

 ( ) 1
2

1
2

1 70 35
' 70 .

2 2
P x x

xx

-Ê ˆ= = =Á ˜Ë ¯
 

 Substituting 184 for x we have: 

 

( ) 35
' 184

184
2.580234233

2.58

P =

=
ª

 

Therefore, at the break-even point, profit is 
increasing at a rate of 2.58 dollars per jacket.  
 
From Exercise 105 we know that: 

( )
1

2

2

35 950
'P

x
A x

x

- +
= . 

 Substituting 184 for x we get: 

 

( ) ( )
( )

1
2

2

35 184 950
' 184

184

0.014037

0.014

PA
- +

=

ª
ª

 

At the break-even point, average profit is 
changing at a rate of 0.014 dollars per jacket. 

 
 
 
 
 
 
 
 
 
 
 
 

126. ( ) ( )( )2 2 2f x x x x= - +  

Using the calculator, we graph the function and 
the derivative in the same window. We can use 
the nDeriv feature to graph the derivative 
without actually calculating the derivative. 

 
 Using the window: 

  
 We get the graph: 

  
 Note, the function ( )f x is the thicker graph. 

The horizontal tangents occur at the turning 
points of this function, or at the x-intercepts of 
the derivative. Using the trace feature, the 
minimum/maximum feature on the function, or 
the zero feature on the derivative on the 
calculator, we find the points of horizontal 
tangency. 
 
We estimate the points at which the tangent 
lines are horizontal are 

( ) ( ) ( )0,0 , 1.414, 4 ,  and 1.414, 4- - - . 

 

127. ( ) ( )22
3f x x x

x
Ê ˆ= + -Á ˜Ë ¯

 

Using the calculator, we graph the function and 
the derivative in the same window. We can use 
the nDeriv feature to graph the derivative 
without actually calculating the derivative. 
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 Using the window: 

  
 We get the graph: 

  
 Note, the function ( )f x is the thicker graph. 

The horizontal tangents occur at the turning 
points of this function, or at the x-intercepts of 
the derivative. We can see that the derivative 
never intersects the x-axis, therefore, there are 
no points at which the tangent line is horizontal. 

 

128. ( )
3

2

1

1

x
f x

x

-
=

+
 

Using the calculator, we graph the function and 
the derivative in the same window. We can use 
the nDeriv feature to graph the derivative 
without actually calculating the derivative. 

 
 Using the window: 

  
 We get the graph: 

  
 Note, the function ( )f x is the thicker graph. 

 The horizontal tangents occur at the turning  
 points of this function, or at the x-intercepts of  
 the derivative. 
 

Using the trace feature, the minimum/maximum 
feature on the function, or the zero feature on 
the derivative on the calculator, we find the 
points of horizontal tangency. 
 
We estimate the points at which the tangent 
lines are horizontal are 

( ) ( )0.596, 0.894  and 0, 1- - - . 

 

129. ( ) 2

0.3

0.04

x
f x

x
=

+
 

Using the calculator, we graph the function and 
the derivative in the same window. We can use 
the nDeriv feature to graph the derivative 
without actually calculating the derivative. 

 
 Using the window: 

  
 We get the graph: 

  
 Note, the function ( )f x is the thicker graph. 

The horizontal tangents occur at the turning 
points of this function, or at the x-intercepts of 
the derivative. Using the trace feature, the 
minimum/maximum feature on the function, or 
the zero feature on the derivative on the 
calculator, we find the points of horizontal 
tangency. 
 
We estimate the points at which the tangent 
lines are horizontal 
are ( ) ( )0.2, 0.75  and 0.2,0.75- - . 
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130. ( )
2

4

0.01

0.0256

x
f x

x
=

+
 

Using the calculator, we graph the function and 
the derivative in the same window.  
We can use the nDeriv feature to graph the 
derivative without actually calculating the 
derivative. 

 
 Using the window: 

  
 We get the graph: 

  
 Note, the function ( )f x is the thicker graph. 

The horizontal tangents occur at the turning 
points of this function, or at the x-intercepts of 
the derivative. Using the trace feature, the 
minimum/maximum feature on the function, or 
the zero feature on the derivative on the 
calculator, we find the points of horizontal 
tangency. 
 
We estimate the points at which the tangent 
lines are horizontal 
are ( ) ( ) ( )0.4,0.03125 ,  0,0 ,  and 0.4,0.03125- . 

 

131. ( ) 2

4

1

x
f x

x
=

+
 

Using the calculator, we graph the function and 
the derivative in the same window. We can use 
the nDeriv feature to graph the derivative 
without actually calculating the derivative. 

 
 

 Using the window: 

  
 We get the graph: 

  
 Note, the function ( )f x is the thicker graph. 

The horizontal tangents occur at the turning 
points of this function, or at the x-intercepts of 
the derivative. Using the trace feature, the 
minimum/maximum feature on the function, or 
the zero feature on the derivative on the 
calculator, we find the points of horizontal 
tangency. 
 
We estimate the points at which the tangent 
lines are horizontal are ( ) ( )1, 2  and 1,2- - . 

 

132. The graph of 
( )

2

3 22

4 4

1

x
y

x

-=
+

is: 

  
 This graph appears to be the correct derivative 

of the function in Exercise 131. Using the 
Quotient Rule we can verify this result. 

  

( )

( )
( )

2

2

22

4

1

4 4
'

1

x
f x

x

x
f x

x

=
+
-=
+
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Exercise Set 1.7 
 

 

1. ( )2
2 1y x= +  

 Using the Extended Power Rule: 

 

( )

( ) ( )
( )( )

2

2 1

2 1

2 2 1 2 1

2 2 1 2

8 4

dy d
x

dx dx
d

x x
dx

x

x

-

È ˘= +Î ˚

= + ◊ +

= +
= +

 

 Simplifying the function first, we have: 

 

( )
( )( )

2

2

2 1

2 1 2 1

4 4 1

y x

x x

x x

= +

= + +

= + +

 

 Now we take the derivative using the Power 
Rule. 

 

( )

( ) ( ) ( )

2

2

4 4 1

4 4 1

8 4

dy d
x x

dx dx
d d d

x x
dx dx dx
x

= + +

= + +

= +

 

 The results are the same. 

2. ( )2
3 2y x= -  

 Using the Extended Power Rule: 

 

( )

( ) ( )

2

2 1

3 2

2 3 2 2

8 12

dy d
x

dx dx

x

x

-

È ˘= -Î ˚

= - -
= -

 

 Simplifying the function first, we have: 

 ( )2 23 2 4 12 9y x x x= - = - +  

 We take the derivative using the Power Rule. 

 ( )24 12 9

8 12

dy d
x x

dx dx
x

= - +

= -
 

 The results are the same. 

3. ( )55
7y x= -  

 Using the Extended Power Rule: 

 
( )

( ) ( )

55

55 1

7

55 7 7

dy d
x

dx dx
d

x x
dx

-

È ˘= -Î ˚

= - ◊ -
 

 
( ) ( )

( )

54

54

55 7 1

55 7

dy
x

dx

x

= - -

= - -
 

4. ( )100
8y x= -  

 
( ) ( )

( )( )
99

99

100 8 1

100 8

dy
x

dx

x

= - -

= - -
 

 

5. ( )1
21 8 1 8y x x= + = +  

 Using the Extended Power Rule 

 

( )

( ) ( )

( )
( )

1
2

1
2

1
2

1 8

1
1 8 1 8

2
1

8
2 1 8

4

1 8

dy d
x

dx dx
d

x x
dx

x

x

-

È ˘= +Í ˙Î ˚

= + +

= ◊
+

=
+

 

6. ( )1
21 1y x x= - = -  

 

( ) ( )

( )

1
2

1
2

1
1 1

2
1

2 1

1

2 1

dy
x

dx

x

x

-= - -

-
=

-
-=
-

 

7. ( )1
2 2 23 4 3 4y x x= - = -  

 Using the Extended Power Rule 

 

( )

( ) ( )

( )
( )

1
2 2

1
2 22

1
2 2

2

3 4

1
3 4 3 4

2
1

6
2 3 4

3

3 4

dy d
x

dx dx

d
x x

dx

x
x

x

x

-

È ˘= -Í ˙Î ˚

= - -

= ◊
-

=
-

 

8. ( )1
2 2 24 1 4 1y x x= + = +  

 ( )1
2 24 1

dy d
x

dx dx
È ˘= +Í ˙Î ˚

 

 

( ) ( )

( )

1
2 2

1
2 2

2

1
4 1 8

2
8

2 4 1

4

4 1

dy
x x

dx
x

x

x

x

-
= +

=
+

=
+
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9. ( ) 4028 6y x
-

= -  

 Using the Extended Power Rule 

 

( )

( ) ( )
( ) ( )
( )

( )

402

40 12 2

412

412

412

8 6

40 8 6 8 6

40 8 6 16

640 8 6

640

8 6

dy d
x

dx dx
d

x x
dx

x x

x x

x

x

-

- -

-

-

È ˘= -Í ˙Î ˚

= - - -

= - - ◊

= - -

-=
-

 

 

10. ( ) 5024 1y x
-

= +  

 

( )
( ) ( )
( )

( )

502

512

512

512

4 1

50 4 1 8

400 4 1

400

4 1

dy d
x

dx dx

x x

x x

x

x

-

-

-

È ˘= +Í ˙Î ˚

= - + ◊

= - +

-=
+

 

 

11. ( ) ( )8 6
4 2 3y x x= - +  

 Using the Product Rule, we have 

( ) ( )

( ) ( ) ( ) ( )

8 6

8 6 6 8

4 2 3

4 2 3 2 3 4

dy d
x x

dx dx
d d

x x x x
dx dx

È ˘= - +Î ˚

= - + + + -
 

 Next, we will apply the Extended Power Rule. 

( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( )

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

8 6 1

6 8 1

8 5

6 7

8 5 6 7

4 6 2 3 2 3

            2 3 8 4 4

4 6 2 3 2

            2 3 8 4 1

12 4 2 3 8 2 3 4

dy d
x x x

dx dx

d
x x x

dx

x x

x x

x x x x

-

-

È ˘= - + + +Í ˙Î ˚
È ˘+ - -Í ˙Î ˚

È ˘= - + +Î ˚
È ˘+ -Î ˚

= - + + + -

 

Factoring out common factors, we have: 

( ) ( ) ( ) ( )

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

7 5

7 5

7 5

4 4 2 3 3 4 2 2 3

4 4 2 3 3 12 4 6

4 4 2 3 7 6

dy
x x x x

dx

x x x x

x x x

È ˘= - + - + +Î ˚

= - + - + +

= - + -

 

 
 

12. ( ) ( )7 10
5 4 1y x x= + -  

 

( ) ( ) ( )

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

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

7 9

10 6

7 9 10 6

6 9

6 9

6 9

5 10 4 1 4

              4 1 7 5 1

40 5 4 1 7 4 1 5

5 4 1 40 5 7 4 1

5 4 1 40 200 28 7

5 4 1 68 193

dy
x x

dx

x x

x x x x

x x x x

x x x x

x x x

È ˘= + - +Î ˚

È ˘- +Î ˚

= + - + - +

È ˘= + - + + -Î ˚

= + - + + -

= + - +

 

 

13. 
( )

( ) 2

2

1
3 8

3 8
y x

x

-= = +
+

 

 Using the Extended Power Rule 

 

( )

( ) ( )

( ) ( )
( )

( )

2

2 1

3

3

3

3 8

2 3 8 3 8

2 3 8 3

6 3 8

6

3 8

dy d
x

dx dx
d

x x
dx

x

x

x

-

- -

-

-

È ˘= +Î ˚

= - + +

= - + ◊

= - +
-

=
+

 

 

14. 
( )

( ) 2

2

1
4 5

4 5
y x

x

-= = +
+

 

 ( ) ( )3
2 4 5 4

dy
x

dx

-= - +  

 

( )

( )

3

3

8 4 5

8

4 5

dy
x

dx

x

-= - +

-=
+

 

 

15. 
( )

2

3

4

7 5

x
y

x
=

-
 

 First, we use the Quotient Rule. 

 

( )

( ) ( ) ( )

( )( )

2

3

3 32 2

23

4

7 5

7 5 4 4 7 5

7 5

dy d x

dx dx x

d d
x x x x

dx dx

x

È ˘
Í ˙=
Í ˙-Î ˚

- - -
=

-
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 Next, using the Extended Power Rule, we have: 

 

( ) ( ) ( ) ( )
( )

( ) ( )
( )( )

( ) ( )
( )

( )

( )
( )

( )

3 22

6

3 22

23

2 2

6

2 2

4

2

4

4

Dividing 
common factors

Factoring

7 5 8 4 3 7 5 5

7 5

8 7 5 60 7 5

7 5

7 5 8 7 5 60
 

7 5

56 40 60
         

7 5

20 56

7 5

4 5 14

7 5

x x x xdy

dx x

x x x x

x

x x x x

x

x x x

x

x x

x

x x

x

È ˘- - - -Î ˚=
-

- + -
=

-

È ˘- - +Î ˚=
-

- +
=

-

+=
-

+
=

-

 

 

16. 
( )

3

5

7

4 9

x
y

x
=

-
 

 

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

( ) ( )
( )

( ) ( )
( )

5 42 3

25

5 42 3

10

42

10

4 9 21 7 5 4 9 9

4 9

21 4 9 315 4 9

4 9

21 4 9 4 9 15

4 9

x x x xdy

dx x

x x x x

x

x x x x

x

È ˘- - - -Î ˚=
-

- + -
=

-

È ˘- - +Î ˚=
-

 

 

( )
( )

( )
( )

2

6

2

6

21 4 6

4 9

42 3 2

4 9

x xdy

dx x

x x

x

+
=

-

+
=

-

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

17. ( ) ( ) ( )3 43 81 2f x x x= + - +  

Using the Difference Rule and then the 
Extended Power Rule we have: 

 

( ) ( ) ( )

( ) ( )

( ) ( )

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

3 43 8

3 43 8

3 13 3

4 18 8

2 33 2 8 7

2 32 3 7 8

' 1 2

1 2

3 1 1

            4 2 2

3 1 3 4 2 8

9 1 32 2

d
f x x x

dx
d d

x x
dx dx

d
x x

dx

d
x x

dx

x x x x

x x x x

-

-

È ˘= + - +Í ˙Î ˚

= + - +

Ê ˆ= + + -Á ˜Ë ¯

Ê ˆ+ +Á ˜Ë ¯

= + - +

= + - +

 

 

18. ( ) ( ) ( )5 43 73 1f x x x= + - +  

 
( ) ( ) ( ) ( ) ( )

( ) ( )

4 33 2 7 6

4 32 3 6 7

' 5 3 3 4 1 7

15 3 28 1

f x x x x x

x x x x

= + - +

= + - +
 

 

19. ( ) ( )22 200f x x x= + -  

Using the Sum Rule and the Extended Power 
Rule, we have: 

 

( ) ( )

( ) ( )

( ) ( )

( )( )

22

22

2 1

' 200

200

2 2 200 200

2 2 200 1

2 2 400

4 400

d
f x x x

dx
d d

x x
dx dx

d
x x x

dx

x x

x x

x

-

È ˘= + -Î ˚

= + -

È ˘= + - -Í ˙Î ˚
= + - -
= + -
= -

 

 

20. ( ) ( )22 100f x x x= + -  

 

( ) ( ) ( )2 1
' 2 2 100 1

2 2 200

4 200

f x x x

x x

x

-= + - -
= + -
= -
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21. ( ) ( ) ( )13 323 3g x x x x x= + - = + -  

Using the Sum Rule and the Extended Power 
Rule, we have: 

 

( ) ( )

( ) ( )

( ) ( )

( ) ( )

( )

( )

1 32

1 32

1 3 112

1 22

2

1
2

2

' 3

3

1
3 3 3

2

1
3 3 1

2
1

3 3
2

1
3 3

2

d
g x x x

dx
d d

x x
dx dx

d
x x x

dx

x x

x
x

x
x

--

-

È ˘= + -Í ˙Î ˚

= + -

È ˘= + - -Í ˙Î ˚

= + -

= + -

= + -

 

 
22.
 

( ) ( ) ( ) ( )12 23 32 1 4 2 1 4G x x x x x= - + - = - + -  

 

( ) ( ) ( ) ( ) ( )

( ) ( )

( )

( )

1 1 2 13

2
3

2
3

23

1
' 2 1 2 2 4 1

3
2

2 1 2 4
3

2
8 2

3 2 1

2
8 2

3 2 1

G x x x

x x

x
x

x
x

- -

-

= - + - -

= - - -

= - +
-

= - +
-

 

 

23. ( ) ( )4
5 2 3f x x x= - -  

 Using the Product Rule, we have 

 
( ) ( )

( ) ( ) ( )

4

4 4

' 5 2 3

5 2 3 2 3 5

d
f x x x

dx
d d

x x x x
dx dx

È ˘= - -Î ˚

È ˘= - - + - -Î ˚

 

 Using the Extended Power Rule, we have 

 

( ) ( ) ( )

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

( ) ( )
( ) ( )

3

4

3 4

3 4

3

3

Factoring

' 5 4 2 3 2 3

                                     2 3 5

5 4 2 3 2 2 3 5

40 2 3 5 2 3

5 2 3 8 2 3       

5 2 3 10 3

d
f x x x x

dx

x

x x x

x x x

x x x

x x

È ˘Ê ˆ= - - - +Á ˜Í ˙Ë ¯Î ˚

- -

È ˘= - - + - -Î ˚

= - - - -

È ˘= - - + -Î ˚

= - - -

 

 

24. ( ) ( )6
3 5 4f x x x= - +  

 

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

( ) [ ]
( ) ( )

6 1 6

5 6

5

5

' 3 6 5 4 5 5 4 3

90 5 4 3 5 4

3 5 4 30 5 4

3 5 4 35 4

f x x x x

x x x

x x x

x x

-È ˘= - + + + -Î ˚

= - + - +

= - + + +

= - + +

 

 

25. ( ) ( ) ( )7 5
3 1 2 1g x x x= - +  

Using the Product Rule and the Extended Power 
Rule, we have 

( ) ( ) ( )

( ) ( ) ( ) ( )

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

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

7 5

7 5 5 7

7 4

5 6

7 4 5 6

6 4

6 4

6 4

' 3 1 2 1

3 1 2 1 2 1 3 1

3 1 5 2 1 2

                 2 1 7 3 1 3

10 3 1 2 1 21 2 1 3 1

3 1 2 1 10 3 1 21 2 1

3 1 2 1 30 10 42 21

3 1 2 1 72 11

d
g x x x

dx
d d

x x x x
dx dx

x x

x x

x x x x

x x x x

x x x x

x x x

È ˘= - +Î ˚

= - + + + -

È ˘= - + +Î ˚
È ˘+ -Î ˚

= - + + + -

È ˘= - + - + +Î ˚

= - + - + +

= - + +

 

 

26. ( ) ( ) ( )4 8
5 2 2 3F x x x= + -  

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

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

4 7

8 3

4 7 8 3

3 7

3 7

' 5 2 8 2 3 2

               2 3 4 5 2 5

16 5 2 2 3 20 2 3 5 2

4 5 2 2 3 4 5 2 5 2 3

4 5 2 2 3 30 7

F x x x

x x

x x x x

x x x x

x x x

È ˘= + - +Î ˚
È ˘- +Î ˚

= + - + - +

È ˘= + - + + -Î ˚

= + - -

 

 

27. ( ) ( )1
2 2 24 1 4 1f x x x x x= - = -  

Using the Product Rule and the Extended Power 
Rule, we have 

( ) ( )

( ) ( ) ( ) ( )

12 2

1 12 2 2

' 4 1

1
4 1 4 4 1 2

2

d
f x x x

dx

x x x x
-

È ˘= -Í ˙Î ˚
È ˘= - + -Í ˙Î ˚

 

( )
( )

( )

( )
( )

2
1

2
1

2

2

2
' 2 4 1

4 1

2
2 4 1

4 1

x
f x x x

x

x
x x

x

= + -
-

= + -
-
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The derivative on the previous page can be 
simplified as follows: 

( )

( )

( )

2

2

2 2

2

2 2 4 1 4 1
'

14 1 4 1

2 4 12

4 1 4 1

2 8 2

4 1 4 1

10 2

4 1

2 5 1

4 1

x x x x
f x

x x

x xx

x x

x x x

x x

x x

x

x x

x

- -
= + ◊

- -
-

= +
- -

-
= +

- -
-=
-
-

=
-

 

 

28. ( ) ( )1
3 3 25 2 5 2f x x x x x= + = +  

 

( ) ( ) ( ) ( ) ( )

( ) ( )

1 13 22 2

1 1
3 22 2

3
2

1
' 5 2 5 5 2 3

2

5
5 2 3 5 2

2
5

3 5 2
2 5 2

f x x x x x

x x x x

x
x x

x

-

-

È ˘= + + +Í ˙Î ˚

= + + +

= + +
+

 

The previous derivative can be simplified as 
follows: 

 ( ) ( )2 35 12
'

2 5 2

x x
f x

x

+
=

+
 

 

29. ( ) ( )1
3 5 5 36 6G x x x x x= + = +  

 Using the Extended Power Rule, we have 

 

( ) ( )

( ) ( )

( ) ( )

( )

( )

1
5 3

1 15 53

2
5 43

4

2
5 3

4

253

' 6

1
6 6

3
1

6 5 6
3

5 6

3 6

5 6

3 6

d
G x x x

dx

d
x x x x

dx

x x x

x

x x

x

x x

-

-

È ˘= +Í ˙Î ˚

= + +

= + +

+=
+

+=
◊ +

 

 
 
 
 
 
 
 

30. ( ) ( )1
4 2 2 45 2 5 2F x x x x x= - + = - +  

 

( ) ( ) ( )

( ) ( )

( )

1 12 4

3
2 4

3
2 4

1
' 5 2 2 5

4
1

5 2 2 5
4

2 5

4 5 2

F x x x x

x x x

x

x x

-

-

= - + -

= - + -

-=
- +

 

 

31. ( )
4

3 1

5 2

x
f x

x

-Ê ˆ= Á ˜Ë ¯+
 

 Using the Extended Power Rule, we have 

 ( )
3

3 1 3 1
' 4

5 2 5 2

x d x
f x

x dx x

- -Ê ˆ È ˘= Á ˜ Í ˙Ë ¯+ +Î ˚
 

 Using the Quotient Rule, we have 

 

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

( )

( )
( )

( )

3

2

3

2

3

2

3

5

5 2 3 3 1 53 1
' 4

5 2 5 2

3 1 15 6 15 5
4

5 2 5 2

3 1 11
4

5 2 5 2

44 3 1

5 2

x xx
f x

x x

x x x

x x

x

x x

x

x

È ˘+ - --Ê ˆ Í ˙= Á ˜Ë ¯+ Í ˙+Î ˚
È ˘- + - +Ê ˆ Í ˙= Á ˜Ë ¯+ Í ˙+Î ˚
È ˘-Ê ˆ Í ˙= Á ˜Ë ¯+ Í ˙+Î ˚

-
=

+

 

 

32. ( )
3

2

2

1

x
f x

x
Ê ˆ= Á ˜Ë ¯+

 

 

( ) ( )( ) ( )
( )

( )

( )
( ) ( )
( )

22

2 22

2 2 2

2 22

2 2

2 22

2 2

32

1 2 2 22
' 3

1 1

2 2 2 4
3

1 1

2 2 2
3

1 1

3 2 2 2

1

x x xx
f x

x x

x x x

x x

x x

x x

x x

x

È ˘+ -Ê ˆ Í ˙= Á ˜Ë ¯ Í ˙+ +Î ˚
È ˘+ -Ê ˆ Í ˙= Á ˜Ë ¯ Í ˙+ +Î ˚
È ˘-Ê ˆ Í ˙= Á ˜Ë ¯ Í ˙+ +Î ˚

-
=

+

 

 

( ) ( )
( )

( )
( )

2 2

32

2 2

32

24 1
'

1

24 1

1

x x
f x

x

x x

x

-
=

+

- -
=

+
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33. ( )
1

24 4

3 3

x x
g x

x x

- -Ê ˆ= = Á ˜Ë ¯+ +
 

 Using the Extended Power Rule, we have 

 ( )
1 121 4 4

'
2 3 3

x d x
g x

x dx x

-- -Ê ˆ È ˘= Á ˜ Í ˙Ë ¯+ +Î ˚
 

 Using the Quotient Rule, we have 

 

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

( )

( )

( ) ( )

( )

1
2

2

1
2

2

1
2

2

3 1
2 2

3

3 1 4 11 4
'

2 3 3

1 4 3 4

2 3 3

1 3 7

2 4 3

7

2 3 4

7

2 3 4

x xx
g x

x x

x x x

x x

x

x x

x x

x x

-

-

È ˘+ - - --Ê ˆ Í ˙= Á ˜Ë ¯+ Í ˙+Î ˚
È ˘- - - - +Ê ˆ Í ˙= Á ˜Ë ¯+ Í ˙+Î ˚
È ˘+ -Ê ˆ Í ˙= Á ˜Ë ¯- Í ˙+Î ˚

-
=

+ -
-=

+ ◊ -

 

 

34. ( )
1

23 2 3 2

5 5

x x
g x

x x

+ +Ê ˆ= = Á ˜Ë ¯- -
 

 

( )
( )( ) ( )( )

( )

( )

( )

( ) ( )

( ) ( )

1
2

2

1
2

2

1
2

2

3 1
2 2

3

'

5 2 3 2 11 3 2

2 5 5

1 5 10 2 3 2

2 3 2 5

1 5 13

2 3 2 5

13

2 5 3 2

13

2 5 3 2

g x

x xx

x x

x x x

x x

x

x x

x x

x x

- È ˘- - + -+Ê ˆ Í ˙= Á ˜Ë ¯- Í ˙-Î ˚
È ˘- - + +Ê ˆ Í ˙= Á ˜Ë ¯+ Í ˙-Î ˚
È ˘-Ê ˆ Í ˙= Á ˜Ë ¯+ Í ˙-Î ˚

=
- +

=
- ◊ +

 

 

35. ( ) ( )1003 22 3 4 1f x x x x= - + +  

 Using the Extended Power Rule, we have 

 
( ) ( ) ( )

( )( )

993 2 2

992 3 2

' 100 2 3 4 1 6 6 4

200 3 3 2 2 3 4 1

f x x x x x x

x x x x x

= - + + - +

= - + - + +
 

 
 
 

36. ( ) ( )2044 37 6f x x x x= + -  

 ( ) ( ) ( )2034 3 3 2' 204 7 6 28 18 1f x x x x x x= + - + -  

 

37. ( )
4 4

2 3 5 1

5 1 2 3

x x
g x

x x

-+ -Ê ˆ Ê ˆ= =Á ˜ Á ˜Ë ¯ Ë ¯- +
 

 Using the Extended Power Rule, we have 

 

( )
4

4 1

5 1
'

2 3

5 1 5 1
4

2 3 2 3

d x
g x

dx x

x d x

x dx x

-

È ˘-Ê ˆ= Í ˙Á ˜Ë ¯+Í ˙Î ˚
È ˘- -Ê ˆ Ê ˆ= Á ˜ Á ˜Í ˙Ë ¯ Ë ¯+ +Î ˚

 

 Next, using the Quotient Rule, we have 

 

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

( )

( )
( )

( )

3

2

3

2

3

2

3

5

2 3 5 5 1 25 1
' 4

2 3 2 3

5 1 10 15 10 2
4

2 3 2 3

5 1 17
4

2 3 2 3

68 5 1

2 3

x xx
g x

x x

x x x

x x

x

x x

x

x

È ˘+ - --Ê ˆ Í ˙= Á ˜Ë ¯+ Í ˙+Î ˚
È ˘- + - +Ê ˆ Í ˙= Á ˜Ë ¯+ Í ˙+Î ˚
È ˘-Ê ˆ Í ˙= Á ˜Ë ¯+ Í ˙+Î ˚

-
=

+

 

 

38. ( )
5 5

1 3 2 7

2 7 1 3

x x
h x

x x

-- -Ê ˆ Ê ˆ= =Á ˜ Á ˜Ë ¯ Ë ¯- -
 

 

( )
( )( ) ( )( )

( )

( )

( )
( )
( )

4

2

4

2

4

2

4

6

'

1 3 7 2 7 32 7
5

1 3 1 3

2 7 7 21 6 21
5

1 3 1 3

2 7 1
5

1 3 1 3

5 2 7

1 3

h x

x xx

x x

x x x

x x

x

x x

x

x

Ê ˆ- - - - --Ê ˆ= Á ˜Á ˜Ë ¯- -Ë ¯

Ê ˆ- - + + -Ê ˆ= Á ˜Á ˜Ë ¯- -Ë ¯

Ê ˆ- -Ê ˆ= Á ˜Á ˜Ë ¯- -Ë ¯

- -
=

-
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39. ( )
1

2 2 2

2 2

x x x x
f x

x x x x

Ê ˆ+ +
= = Á ˜- -Ë ¯

 

 Using the Extended Power Rule, we have 

 ( )
1 12 22

2 2

1
'

2

x x d x x
f x

dxx x x x

-
Ê ˆ È ˘+ +

= Í ˙Á ˜- -Ë ¯ Î ˚
 

 Using the Quotient Rule, we have  

( )
( )( ) ( )( )

( )

( )

( )

( ) ( )

1 2 22 2

2 22

1
2 3 2 3 22

2 22

1
2 22

2 22

2

3 1
2 22 2

'

2 1 2 11

2

1 2 2

2

1 2

2

f x

x x x x x xx x

x x x x

x x x x x x x x

x x x x

x x x

x x x x

x

x x x x

-

-

È ˘- + - + -Ê ˆ+ Í ˙= Á ˜ Í ˙-Ë ¯ -Î ˚
È ˘Ê ˆ+ - - - - +Í ˙= Á ˜ Í ˙-Ë ¯ -Î ˚
Ê ˆÊ ˆ- -Á ˜= Á ˜+Ë ¯ Á ˜-Ë ¯

-=
- +

 

The previous derivative can be simplified as 
follows: 

 

( )
( ) ( )

( ) ( )

( ) ( )

( ) ( )

2

3 1
2 22 2

2

3 13 1
2 22 2

2

3 1
2 2 2

3 1
2 2

'

      Factoring
1 1

1 1

1
.

1 1

x
f x

x x x x

x

x x x x

x

x x x

x x

-=
- +

-
=

- +

-
=

- +
-=

- +

 

 

40. ( )
1

3 3 3

3
2 2

4 4x x
f x

x x x x

Ê ˆ- -
= = Á ˜- -Ë ¯

 

( )
( )( ) ( )( )

( )

( )

2 2 2 33 3

2 22

2
2 3 4 3 43

3 22

'

3 4 1 21 4

3

1 3 3 4 8 2

3 4

f x

x x x x xx

x x x x

x x x x x x x

x x x

- È ˘- - - - -Ê ˆ- Í ˙= Á ˜ Í ˙-Ë ¯ -Î ˚
È ˘Ê ˆ- - + - + + -Í ˙= Á ˜ Í ˙-Ë ¯ -Î ˚

 

 Next, we simplify the derivative. 

 

( )
( )

( ) ( )

2
2 4 23

3 22

4 2

2 4
3 23 3

1 2 8 4
'

3 4

2 8 4

3 4

x x x x x
f x

x x x

x x x

x x x

È ˘Ê ˆ- - + -Í ˙= Á ˜ Í ˙-Ë ¯ -Î ˚
- + -=
- -

 

 ( )
( ) ( )

4 2

2 4
3 23 3

2 8 4
'

3 4

x x x
f x

x x x

- + -=
- -

 

 

41. ( ) ( )
( )

4

5

2 3

3 2

x
f x

x

+
=

-
 

Using the Quotient Rule and the Extended 
Power Rule, we have: 

( ) ( )
( )

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

( ) ( ) ( ) ( )
( )

( ) ( ) ( ) ( )
( )

( ) [ ]
( )

( ) [ ]
( )

( ) [ ]
( )

5 3 4 4

25

4

5

3 5 4 4

10

3 4

10

3

6

3

6

3

6

3 2 4 2 3 2 2 3 5 3 2 3

3 2

2 3
'

3 2

8 2 3 3 2 15 2 3 3 2

3 2

2 3 3 2 8 3 2 15 2 3

3 2

2 3 24 16 30 45

3 2

2 3 6 61

3 2

2 3 6 61

3 2

x x x x

x

xd
f x

dx x

x x x x

x

x x x x

x

x x x

x

x x

x

x x

x

- + - + -
=

-

È ˘+
Í ˙=
Í ˙-Î ˚
È ˘ È ˘Î ˚ Î ˚

+ - - + -
=

-

È ˘+ - - - +Î ˚=
-

+ - - -
=

-

+ - -
=

-

- + +
=

-

 

 ( ) ( ) [ ]
( )

3

6

2 3 6 61
'

3 2

x x
f x

x

- + +
=

-
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42. ( ) ( )
( )

7

3

5 4

6 1

x
f x

x

-
=

+
 

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

( )( )
3 6 7 2

23

6 1 7 5 4 5 5 4 3 6 1 6

6 1

'

x x x x

x

f x

+ - - - +
=

+

È ˘ È ˘Î ˚ Î ˚  

 

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

( ) ( ) ( ) ( )
( )

( ) [ ]
( )

( ) [ ]
( )

6 3 7 2

6

6 2

6

6

4

6

4

18 6 1
'

35 5 4 6 1 5 4

6 1

5 4 6 1 35 6 1 18 5 4

6 1

5 4 210 35 90 72

6 1

5 4 120 107

6 1

x
f

x x x
x

x

x x x x

x

x x x

x

x x

x

- +
=

=

=

=

- + -

+

È ˘- + + - -Î ˚
+

- + - +

+

- +

+

 

 ( ) ( ) [ ]
( )

6

4

5 4 120 107
'

6 1

x x
f x

x

- +
=

+
 

 

43. ( ) ( ) ( )52
3 412 2 1 3 4f x x x= + -  

Using the Product Rule and the Extended Power 
Rule, we have: 

 

( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( )

( ) ( )

( ) ( )

( ) ( ) ( )

52
3 4

2 1
3 4

5 1
4 3

2 1
3 4

5 1
4 3

5
42 1

3 4

' 12 2 1 3 4

5
12 2 1 3 4 3

4

2
                    12 3 4 2 1 2

3

15
12 2 1 3 4

4

4
                    12 3 4 2 1

3

16 3 4
45 2 1 3 4

d
f x x x

dx

x x

x x

x x

x x

x
x x

-

-

È ˘= + -Í ˙Î ˚
È ˘È ˘= + - +Í ˙Í ˙Î ˚Î ˚

È ˘È ˘- +Í ˙Í ˙Î ˚Î ˚
È ˘= + - +Í ˙Î ˚

È ˘- +Í ˙Î ˚

-
= + - +

( )1
3

.
2 1x +

 

 Simplifying, we have 

( )
( ) ( ) ( )

( )
( )
( )

( )( )
( )

( )
( )

( )( ) ( )
( )

( ) ( ) ( )

( )

52 1 1
3 4 3 4

1 1
3 3

51
4 4

1 1
3 3

51
4 4

1
3

1 4
4 4

1
3

'

45 2 1 3 4 2 1 16 3 4

1 2 1 2 1

45 2 1 3 4 16 3 4

2 1 2 1

45 2 1 3 4 16 3 4

2 1

3 4 45 2 1 16 3 4

2 1

f x

x x x x

x x

x x x

x x

x x x

x

x x x

x

+ - + -
= ◊ +

+ +

+ - -
= +

+ +

+ - + -
=

+

È ˘- + + -Í ˙Î ˚=
+

 

( ) ( ) ( )
( )

( ) [ ]
( )

( ) [ ]
( )

1
4

1
3

1
4

1
3

1
4

1
3

3 4 45 2 1 16 3 4

2 1

3 4 90 45 48 64

2 1

3 4 138 19
.

2 1

x x x

x

x x x

x

x x

x

È ˘- + + -Î ˚=
+

- + + -
=

+

- -
=

+

 

 ( ) ( ) [ ]
( )

1
4

1
3

3 4 138 19
'

2 1

x x
f x

x

- -
=

+
 

 

44. ( )33 2 46 6y x x x x= + -  

 ( ) ( )1 32 436 6y x x x x= + -  

 

( ) ( ) ( )

( ) ( ) ( )

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

1 22 4 33

234 2 3

1 22 4 33

234 2 3

6 3 6 4 6

1
     6 6 2 1

3

18 6 4 6

          2 6 2 1

dy

dx

x x x x x

x x x x x

x x x x x

x x x x x

-

-

È ˘È ˘= + - - +Í ˙Í ˙Î ˚Î ˚
È ˘È ˘- + +Í ˙Í ˙Î ˚Î ˚

= + - - +

- + +

 

 

45. 
1 22 and 1y u u u x= = = -  

 
1 112 2

1 1 1

2 2 2

dy
u u

du u

- -= = =  

 2 12 2
du

x x
dx

-= =  

 Applying the Chain Rule, we have: 
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2

2

2

Subtituting 1 for .

Simplifying

1
2

2
2

   
2 1

     
1

x u

dy dy du

dx du dx

x
u

x

x

x

x

= ◊

= ◊

= -
-

=
-

 

 

46. 3
3

15
15  and 2 1y u u x

u
-= = = +  

 ( )3 1 4
4

45
15 3 45

dy
u u

du u
- - - -

= - = - =  

 2
du

dx
=  

 

( )

4

4

45
2

90

2 1

dy dy du

dx du dx

u

x

= ◊

-
= ◊

-
=

+

 

 
47. 50 3 2 and 4 2y u u x x= = -  

 50 1 4950 50
dy

u u
du

-= =  

 ( ) ( )3 1 2 1 24 3 2 2 12 4
du

x x x x
dx

- -= - = -  

 

( )

( ) ( )
( )( )

49 2

3 2

493 2 2

493 2
Simplifying

50 12 4

Subtituting 4 2  for .

50 4 2 12 4  

200 3 1 4 2      

dy dy du

dx du dx

u x x

x x u

x x x x

x x x x

= ◊

= ◊ -

-

= - ◊ -

= - -

 

 

48. 
1

2
1

 and 1 1
1

u
y u x x

u

+
= = + = +

-
 

 
( )( ) ( )( )

( ) ( )2 2

1 1 1 1 2

1 1

u udy

du u u

- - + -= =
- -

 

 
1

2
1 1

2 2

du
x

dx x

-= =  

 

( )

( )( )

( )

2

2

2

3
2

Subtituting 1  for .

Simplifying

2 1

21

1
   

1 1

1
     

1

x u

dy dy du

dx du dx

xu

x x

x x

x

+

= ◊

-= ◊
-

-
=

+ -

-
=

-=

 

 
49. ( ) 31  and 2y u u u x x= + = -  

 ( ) ( )( ) Product Rule1 1 1       

2 1

dy
u u

du
u

= + +

= +
 

 23 2
du

x
dx

= -  

 

( ) ( )

( )( ) ( )
( ) ( )

3

2

3 2

3 2

Subtituting 2  for .

Simplifying

2 1 3 2

2 2 1 3 2  

2 4 1 3 2    

x x u

dy dy du

dx du dx

u x

x x x

x x x

-

= ◊

= + ◊ -

= - + ◊ -

= - + ◊ -

 

 
50. ( )( ) 31 1  and 1y u u u x= + - = +  

 ( )( ) ( )( )1 1 1 1 2
dy

u u u
du

= + + - =  

 23
du

x
dx

=  

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

2

3 2

2 3

2 3

2 1 3

6 1

dy dy du

dx du dx

u x

x x

x x

= ◊

= ◊

= + ◊

= +

 

 
51. 2 35 3  and 1y u u u x= + = +  

 
2

10 3

3

dy
u

du
du

x
dx

= +

=
 

 Applying the Chain Rule, we have: 
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( ) ( )
( )( ) ( )
( )( )
( )

2

3 2

2 3

2 3

Substituting for .

10 3 3

10 1 3 3     

3 10 10 3

3 10 13

u

dy dy du

dx du dx

u x

x x

x x

x x

= ◊

= + ◊

= + + ◊

= + +

= +

 

 
52. 3 2 27  and 3y u u u x= - = +  

 

23 14

2

dy
u u

du
du

x
dx

= -

=
 

 ( ) ( )

( ) ( )( ) ( )

2

22 2

3 14 2

3 3 14 3 2

dy dy du

dx du dx

u u x

x x x

= ◊

= - ◊

= + - + ◊

 

 

( )( )

( )( )
( )( )

4 2 2

4 2

2 2

3 18 27 14 42 2

3 4 15 2

2 3 3 5

dy
x x x x

dx

x x x

x x x

= + + - -

= + -

= + -

 

 

53. ( )1
23 32 5 2 5  and y u u u x x= + = + = -  

 

( ) ( )

( )

2
3

2
3

Extended Power Rule
1

2 5 2        
3

2

3 2 5

2 1

dy
u

du

u

du
x

dx

-= +

=
+

= -

 

 

( )
( )

( )( )
( )

( )
( )

2
3

2
32

2
2 3

Substituting

2
2 1

3 2 5

2
2 1    

3 2 5

2 2 1

3 2 2 5

dy dy du

dx du dx

x
u

x
x x

x

x x

= ◊

Ê ˆ
Á ˜= ◊ -
Á ˜+Ë ¯

Ê ˆ
Á ˜= ◊ -Á ˜Á ˜- +Ë ¯

-
=

- +

 

 
 
 

54. ( )1
227 3 7 3  and 9y u u u x= - = - = -  

 

( ) ( )
( )

1
2

1
2

1 3
7 3 3

2 2 7 3

2

dy
u

du u

du
x

dx

- -= - - =
-

=

 

 

( )
( )

( )( )
( )

( )

1
2

1
22

1
2 2

2

3
2

2 7 3

3
2

2 7 3 9

3

34 3

3

34 3

dy dy du

dx du dx

x
u

x
x

x

x

x

x

= ◊

Ê ˆ-Á ˜= ◊
Á ˜-Ë ¯

Ê ˆ
-Á ˜= ◊Á ˜Á ˜- -Ë ¯

-
=

-

-=
-

 

 

55. 
2

1
and 5 3y u t

u u
= = +

+
 

 

( )( ) ( )( )
( )

( )
( )

2

22

22

Quotient Rule
0 1 2 1

        

2 1

3

u u udy

du u u

u

u u

du

dt

+ - +
=

+

- +
=

+

=

 

 

( )
( )

( )

( )( )
( ) ( )( )

( )

( )
( ) ( )( )

( )
( ) ( )( )

( )
( ) ( )

22

22

22

22

2 2

Substituting

Factoring

2 1
3

2 5 3 1
3       

5 3 5 3

3 10 6 1

5 3 5 3

3 6 11
           

5 3 5 3 1

3 6 11

5 3 6 3

dy dy du

dt du dt

u

u u

t

t t

t

t t

t

t t

t

t t

= ◊

Ê ˆ- +
Á ˜= ◊
Á ˜+Ë ¯

Ê ˆ
- + +Á ˜= ◊Á ˜

Á ˜+ + +Ë ¯

- + +
=

+ + +

- +
=

+ + +

- +
=

+ +
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56. 2
5

1
 and 7 1

3 7
y u t

u
= = +

-
 

 

( )( ) ( )( )
( )

( )

5 4

25

4

25

Quotient Rule
3 7 0 1 15

        
3 7

15

3 7

14

u udy

du u

u

u

du
t

dt

- -
=

-

-
=

-

=

 

 

( )
( )

( )
( )( )

( )

( )
( )( )

4

25

42

252

42

252

15
14

3 7

15 7 1
14

3 7 1 7

210 7 1

3 7 1 7

dy dy du

dt du dt

u
t

u

t
t

t

t t

t

= ◊

Ê ˆ-Á ˜= ◊
Á ˜-Ë ¯

Ê ˆ
- +Á ˜= ◊Á ˜

Á ˜+ -Ë ¯

- +
=

+ -

 

 

57. ( )1
2 2 23 3y x x x x= + = +  

First, we find the derivative using the Extended 
Power Rule. 

 
( ) ( )

1 12 2

2

1
3 2 3

2
2 3

2 3

dy
x x x

dx
x

x x

-
= + +

+
=

+

 

 When 1x = ,  

 
( )

( ) ( )2

2 1 3 5 5 5

2 2 42 42 1 3 1

dy

dx

+
= = = =

◊+
 

 Thus, the slope of the tangent line at ( )1,2 is 
5

4
. 

Using the point-slope equation, we find the 
equation of the tangent line. 

 

( )
( )

1 1

5
2 1

4
5 5

2
4 4
5 3

4 4

y y m x x

y x

y x

y x

- = -

- = -

- = -

= +

 

 
 

58. ( )103 4y x x= -  

 ( ) ( )93 210 4 3 4
dy

x x x
dx

= - -  

 When 2x = ,  

 

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

93 2

9

10 2 4 2 3 2 4

10 0 8

0

dy

dx
= - -

=
=

 

Thus, the slope of the tangent line at the point, 

( )2,0 is 0. The equation of the horizontal line 

passing through the point ( )2,0 is 0y = . 

 

59. ( )1
22 3 2 3y x x x x= + = +  

First, we find the derivative using the Product 
Rule and the Extended Power Rule. 

 
( ) ( ) ( ) ( )1 112 2

1
2 3 2 2 3 1

2

2 3
2 3

dy
x x x

dx

x
x

x

-Ê ˆ= + + +Á ˜Ë ¯

= + +
+

 

 When 3x = ,  

 

( )
( )

( )3
2 3 3

2 3 3

3
9

9
3

3
3
1 3

4.

dy

dx
= + +

+

= +

= +

= +
=

 

 Thus, the slope of the tangent line at ( )3,9 is 4 . 

Using the point-slope equation, we find the 
equation of the tangent line. 

 

( )
( )

1 1

9 4 3

9 4 12

4 3

y y m x x

y x

y x

y x

- = -

- = -
- = -

= -
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60. 
3

2 3

1

x
y

x

+Ê ˆ= Á ˜Ë ¯-
 

 

( )( ) ( )( )
( )

( )

( )
( )
( )

2

2

2

2

2

2

2

4

1 2 2 3 12 3
3

1 1

2 3 2 2 2 3
3

1 1

2 3 5
3

1 1

15 2 3

1

x xdy x

dx x x

x x x

x x

x

x x

x

x

È ˘- - ++Ê ˆ Í ˙= Á ˜Ë ¯- Í ˙-Î ˚
È ˘+ - - -Ê ˆ Í ˙= Á ˜Ë ¯- Í ˙-Î ˚
È ˘+ -Ê ˆ Í ˙= Á ˜Ë ¯- Í ˙-Î ˚

- +
=

-

 

 When 2x = ,  

 

( )( )
( )( )
( )

( )

2

4

2

4

15 2 2 3

2 1

15 7

1

15 49

735

dy

dx

- +
=

-

-
=

= - ◊
= -

 

Thus, the slope of the tangent line at ( )2,343 is 

735- . 
Using the point-slope equation, we find the 
equation of the tangent line. 

 

( )
( )

1 1

343 735 2

343 735 1470

735 1813

y y m x x

y x

y x

y x

- = -

- = - -
- = - +

= - +

 

 

61. ( )
( )

2

5
1

x
f x

x
=

+
 

 a) Using the Quotient Rule and the Extended 
Power Rule, we have: 

 

( )
( ) ( ) ( ) ( )

( )( )
( ) ( )

( )
( ) ( )( )

( )

( )

( )
( )
( )

5 42

25

5 42

10

4 2

10

2 2

6

2

6

6

Factoring

1 2 5 1 1
'

1

2 1 5 1

1

1 2 1 5
    

1

2 2 5

1

2 3

1

2 3

1

x x x x
f x

x

x x x x

x

x x x x

x

x x x

x

x x

x

x x

x

È ˘+ - +Î ˚=
+

+ - +
=

+

+ + -
=

+

+ -=
+

-
=

+

-
=

+

 

 b) Using the Product Rule and the Extended 

Power Rule on ( ) ( ) 52 1f x x x
-= + , we have 

 

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

( ) ( )

( ) ( )
( )
( )

( )

( )
( )
( )

6 52

2

6 5

2

6 5

2 2

6

2

6

6

' 5 1 1 1 2

5 2

1 1

15 2

11 1

5 2 2

1

2 3

1

2 3

1

f x x x x x

x x

x x

xx x

xx x

x x x

x

x x

x

x x

x

- -= - + + +

-
= +

+ +

+-= + ◊
++ +

- + +=
+

-
=

+

-
=

+

 

 c) The results are the same. 

62. ( )
2

6 1

2 5

x
g x

x

+Ê ˆ= Á ˜Ë ¯-
 

 a) Using Extended Power Rule, we have 

 

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

( )
( )

( )
( )

( )
( )

2

2

2

3

2 5 6 6 1 26 1
' 2

2 5 2 5

2 6 1 12 30 12 2

2 5 2 5

2 6 1 32

2 5 2 5

64 6 1

2 5

x xx
g x

x x

x x x

x x

x

x x

x

x

È ˘- - ++Ê ˆ Í ˙= Á ˜Ë ¯- Í ˙-Î ˚
È ˘+ - - -Í ˙=

- Í ˙-Î ˚
È ˘+ -Í ˙=

- Í ˙-Î ˚
- +

=
-

 

Copyright © 2012 Pearson Education, Inc. Publishing as Addison-Wesley



Exercise Set 1.7 173

 b) Using the Quotient Rule on 

  ( )
2

2

36 12 1

4 20 25

x x
g x

x x

+ +
=

- +
, we have 

 

( ) ( )( )
( )

( )( )

( )

( )

2

22

2

2

3 2

22

3 2

22

4 20 25 72 12
'

4 20 25

36 12 1 8 20
                   

4 20 25

288 1392 1560 300

4 20 25

288 624 232 20
                  

4 20 25

x x x
g x

x x

x x x

x x

x x x

x x

x x x

x x

- + +
= -

- +

+ + -

- +
- + += -

- +

- - -

- +

 

 

  

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

( )

2

22

4

3

768 1792 320
'

4 20 25

64 2 5 6 1

2 5

64 6 1

2 5

x x
g x

x x

x x

x

x

x

- + +
=

- +

- - +
=

-

- +
=

-

 

 c) tw The results are the same. Which method 

is easier depends on the student.  We believe 
that the Extended Power rule offers us a 
more efficient approach. It takes too much 
time to expand the function, and then factor 
it back binomials. 

63. ( ) ( )523 7h x x= -  

 Let ( ) ( )5 2 and 3 7f x x g x x= = - . 

 ( )( ) ( )( ) ( ) ( )52 23 7 3 7f g x f g x f x x= = - = -o  

 Thus, ( ) ( )( )h x f g x= o . 

 Answers may vary. 

64. ( ) 1

7 2
h x

x
=

+
 

 Let ( ) ( )1
 and 7 2f x g x x

x
= = + . 

 Answers may vary. 

65. ( )
3

3

1

1

x
h x

x

+
=

-
 

 Let ( ) ( ) 31
 and 

1

x
f x g x x

x

+
= =

-
. 

 ( )( ) ( )( ) ( )
3

3
3

1

1

x
f g x f g x f x

x

+
= = =

-
o  

 Thus, ( ) ( )( )h x f g x= o . 

 Answers may vary. 

66. ( ) ( )4

5h x x= +  

 Let ( ) ( )4 and 5f x x g x x= = + . 

 Answers may vary. 
 
67. Using the Chain Rule: 
 ( ) ( )3 4, 2 1f u u g x u x= = = +  

 First find ( ) ( )'  and 'f u g x . 

 

( )
( )( ) ( ) ( )

( )

2

24

3

Substituting  for .

' 3

' 3 2 1     

' 8

g x u

f u u

f g x x

g x x

=

= +

=

 

 The Chain Rule states   

 ( ) ( ) ( )( ) ( )' ' 'f g x f g x g x= ◊o . 

 Substituting, we have: 

 
( ) ( ) ( ) ( )

( )

24 3

23 4

' 3 2 1 8

24 2 1 .

f g x x x

x x

= + ◊

= +

o
 

 Therefore, 

 

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

23 4

2

' 1 24 1 2 1 1

24 2 1

24 9

216.

f g - = - - +

= - +
= - ◊
= -

o

 

 Finding ( )( )f g x first, we have: 

 ( )( ) ( ) ( )34 42 1 2 1f g x f x x= + = + . 

 By the Extended Power Rule: 

 
( )( ) ( ) ( )

( )

24 3

23 4

' 3 2 1 8

24 2 1 .

f g x x x

x x

= +

= +
 

 Therefore, ( )( )' 1 216f g - = - as above. 

 
68. Using the Chain Rule: 

 ( ) ( ) 1
2

1
,

1

u
f u g x u x x

u

+
= = = =

-
 

 

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

( )( )
( )

( )

2 2

2

1 1 1 1 2
'

1 1

2
'

1

1
'

2

u u
f u

u u

f g x
x

g x
x

- - + -= =
- -

-
=

-

=
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( ) ( ) ( )( ) ( )

( )

( )

2

2

' ' '

2 1

21

1

1

f g x f g x g x

xx

x x

= ◊

-
= ◊

-

-=
-

o

 

 Therefore, 

 ( ) ( )
( ) ( )2 2

1 1 1
' 4

22 14 4 1
f g

- -
= = = -

-
o . 

 Finding ( )( )f g x first, we have: 

 ( )( ) ( ) 1

1

x
f g x f x

x

+= =
-

 

 Using the Quotient Rule: 

 

( )( )
( ) ( )

( )

( )

( )

1 1
2 2

2

1 1
2 2

2

2

1 1
1 1

2 2
'

1

1 1 1 1
2 2 2 2

1

1

1

x x x x

f g x
x

x x

x

x x

- -

- -

Ê ˆ- - +Á ˜Ë ¯
=

-

- - -
=

-

-=
-

 

 Therefore, ( ) ( ) 1
' 4

2
f g = -o as above. 

 
69. Using the Chain Rule: 

 ( ) ( )1
23 3 , 1 3f u u u g x u x= = = = + . 

 First find ( ) ( )'  and 'f u g x . 

 

( )

( )( )
( )

( )

( )

2
3

3 2

223

Substituting 
for .  

1 1
'

3 3
1

'     
3 1 3

' 6

g x
u

f u u
u

f g x
x

g x x

-= =
◊

=
◊ +

=

 

 The Chain Rule states   

 ( ) ( ) ( )( ) ( )' ' 'f g x f g x g x= ◊o . 

 Substituting, we have: 

 

( ) ( )
( )

( )

( )

223

223

1
' 6

3 1 3

2
.

1 3

f g x x
x

x

x

= ◊
◊ +

=
+

o

 

  

 Therefore, 

 

( ) ( ) ( )
( )( )

( )

22
3

23

2 2
' 2

1 3 2

4

13

0.72348760

f g =
+

=

ª

o

 

 Finding ( )( )f g x first, we have: 

 ( )( ) ( ) ( )1
2 2 31 3 1 3f g x f x x= + = +  

 By the Extended Power Rule: 

 

( )( ) ( ) ( )

( )

2
2 3

2
2 3

1
' 1 3 6

3
2

.
1 3

f g x x x

x

x

-
= +

=
+

 

Therefore ( ) ( )
( )23

4
' 2 0.72348760

13
f g = ªo  

 as above. 
 
70. Using the Chain Rule: 

 ( ) ( )5 3
2 ,

4

x
f u u g x u

x

-
= = =

+
 

 

( )

( )( )

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

( )

4

4

2

2

' 10

3
' 10

4

4 1 3 1
'

4

7

4

f u u

x
f g x

x

x x
g x

x

x

=

-Ê ˆ= Á ˜Ë ¯+
+ - - -

=
+

-=
+

 

 

( ) ( ) ( )( ) ( )

( )
( )

( )

4

2

4

6

' ' '

3 7
10

4 4

70 3

4

f g x f g x g x

x

x x

x

x

= ◊

Ê ˆ- -Ê ˆ= ◊Á ˜Á ˜Ë ¯+ +Ë ¯

- -
=

+

o

 

 Therefore, 

 

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

( )
( )

4

6

4

6

70 3 10
' 10

4 10

70 13

6

42.85129458

f g
- - -

- =
+ -

-
=

-
= -

o

. 
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 Finding ( )( )f g x first, we have: 

 ( )( )
5

3 3
2

4 4

x x
f g x f

x x

- -Ê ˆ Ê ˆ= =Á ˜ Á ˜Ë ¯ Ë ¯+ +
 

 Using the Extended Power Rule: 

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

( )

4

2

4

2

4 1 3 13
' 2 5

4 4

3 7
10

4 4

x xx
f g x

x x

x

x x

È ˘+ - - --Ê ˆ Í ˙= ◊ Á ˜Ë ¯+ Í ˙+Î ˚
È ˘- -Ê ˆ Í ˙= Á ˜Ë ¯+ Í ˙+Î ˚

 

 ( )( ) ( )
( )

4

6

70 3
'

4

x
f g x

x

- -
=

+
 

 Therefore, ( ) ( )' 10 42.85129458f g - = -o  

 as before. 
 

71. ( ) ( )1
2 2 21000 0.1 1000 0.1R x x x x x= - = -  

 Using the Extended Power Rule, we have 

 

( ) ( ) ( )

( )
( )

1
2 2

1
2 2

2

1
' 1000 0.1 2 0.1

2

2 0.1
500

0.1

500 2 0.1

0.1

R x x x x

x

x x

x

x x

-È ˘= - -Í ˙Î ˚
È ˘

-Í ˙= Í ˙
-Í ˙Î ˚
-

=
-

 

 Substituting 20 for x, we have 

 

( ) ( )( )
( ) ( )2

500 2 20 0.1
' 20

20 0.1 20

1000.00314070

1000

R
-

=
-

=
ª

 

When 20 items have been sold, revenue is 
changing at a rate of 1,000 thousand of dollars 
per item, or 1,000,000 dollars per item. 

 

72. ( ) ( )1
2 32000 2 700C x x= + +  

 

( ) ( ) ( )

( )

( )

2
2 3

2
2 3

2
2 3

1
' 2000 2 2

3

4000
2

3
4000

3 2

C x x x

x
x

x

x

-

-

È ˘= +Í ˙Î ˚

= +

=
+

 

 

 ( ) ( )
( )( )2

2 3

4000 20
' 20 489.57364458

3 20 2
C = ª

+
 

When 20 items are produced, the total cost is 
changing at a rate of 489.574 thousand of 
dollars per item, or 489,574 dollars per item. 

 
73. ( ) ( ) ( )P x R x C x= -  and 

( ) ( ) ( )' ' 'P x R x C x= -  

Since we are trying to find the rate at which 
total profit is changing as a function of x, we 
can use the derivatives found in Exercise 71 and 
72 to find the derivative of the profit function.  
There is no need to find the Profit function first 
and then take the derivative. 

 

( ) ( ) ( )
( )

( )22 2 3

' ' '

500 2 0.1 4000

0.1 3 2

P x R x C x

x x

x x x

= -

-
= -

- +

 

 

74. ( ) 25 60C x x= +  and ( ) 20 40x t t= + . To find 

the rate of change of the cost function with 
respect to the number of months, we must apply 
the Chain Rule. 

( ) ( ) ( ) ( )

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

1 1
2 22 2

1
2 2

1
' 5 60 10 5 5 60

2

' 5 20 40 5 20 40 60

' 20

C x x x x x

C x t t t

x t

- -

-

= + = +

= + + +

=

 

 Using the Chain Rule, we have: 

 

( )( ) ( )

( ) ( )( ) ( )

( ) ( )( )
( )

( )( )

1
2 2

1
2 2

1
2 2

' '

5 20 40 5 20 40 60 20

100 20 40 5 20 40 60

100 20 40

5 20 40 60

dC
C x t x t

dt

t t

t t

t

t

-

-

= ◊

= + + + ◊

= + + +

+
=

+ +

 

 Substituting 4 in for t, we have: 

 

( )( )
( )( )( )1

2 2

100 20 4 40

5 20 4 40 60

44.70273729

dC

dt

+
=

+ +

ª

 

 After 4 months, the total cost is changing at a 
rate of 44.7 thousand of dollars per month, or 
44,700 dollars per month. 
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75. Let x be the number of years since 1995. 

 
( ) 4 3 20.21 5.92 50.53

                                     18.92 1114.93

C x x x x

x

= - + -
+

 

 a)
( ) ( )

( )

3 20.21 4 5.92 3

                         50.53 2 18.92

dC
x x

dx

x

= - +

-
 

  3 20.84 17.76 101.06 18.92x x x= - + -  

 b) tw Answers will vary.  
dC

dx
represents the 

rate at which consumer credit is changing 
with respect to time. 

 c) Substitute 15 for x. [ ]2010 1995 15- =  

  

( ) ( )
( )

3 2
0.84 15 17.76 15

                 101.06 15 18.92

2835 3996 1515.9 18.92

335.98

dC

dx
= - +

-
= - + -
=

 

Outstanding consumer credit will be rising 
at a rate of 335.98 billion of dollars per year 
in 2010. 

 

76. ( )
1

22 1 2 1
80 80

3 4 3 4

x x
U x

x x

+ +Ê ˆ= = Á ˜Ë ¯+ +

 

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

( )

( ) ( )

1
2

2

1
2

2

31
2 2

2 1 3 4 2 2 1 3
40

3 4 3 4
'

3 4 5
40

2 1 3 4

200

2 1 3 4

x x x

x x
U x

x

x x

x x

-
+ + - +

◊
+ +

È ˘Ê ˆ= Á ˜ Í ˙Ë ¯ Î ˚
È ˘+Ê ˆ Í ˙= Á ˜Ë ¯+ Í ˙+Î ˚

=
+ +

  

 

77. ( )3
1000 1A i= +  

 a) Using the Extended Power Rule, we have 

  
( )( ) ( )

( )

2

2

1000 3 1 1

3000 1 .

dA
i

di

i

= +

= +
 

 b) tw
dA

di
is the rate at which the amount in 

the account is growing with respect to the 
interest rate three years after it was invested.   
 

 
 
 
 

78. 
20

1000 1
4

i
A

Ê ˆ= +Á ˜Ë ¯
 

 a) Using the Extended Power Rule, we have 

  

( )
19

19

1
1000 20 1

4 4

5000 1
4

dA i

di

i

Ê ˆ Ê ˆ= +Á ˜ Á ˜Ë ¯ Ë ¯

Ê ˆ= +Á ˜Ë ¯

 

 b) tw
dA

di
is the rate at which the amount in 

the account is growing with respect to the 
interest rate five years after it was invested.. 

 

79. ( ) 80,000
D p

p
= and 1.6 9p t= +  

 a) Substitute 1.6 9t + in for p in the demand 
function. 

  ( ) 80,000

1.6 9
D t

t
=

+
 

 b) Using the Quotient Rule, we have 

  

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

( )

2

2

1.6 9 0 80,000 1.6
'

1.6 9

128,000

1.6 9

t
D t

t

t

+ -
=

+
-=

+

 

  Therefore, 

  

( )
( )( )2

128,000
' 100

1.6 100 9

128,000

28,561

4.48163580

D
-

=
+

-=

ª -

 

  After 100 days, quantity demanded is 
changing 4.482-  units per day. 

 
80. ( ) 20.08 80P x x x= +  and 5 1x t= +  

 a) Substituting 5 1t + for x, we have 

  

( ) ( ) ( )
( )

2

2

2

0.08 5 1 80 5 1

0.08 25 10 1 400 80

2 400.8 80.08

P t t t

t t t

t t

= + + +

= + + + +

= + +

 

 b) ( )' 4 400.8P t t= +  

  Therefore, 
 ( ) ( )' 48 4 48 400.8 592.80P = + =  

After 48 months, profit is increasing at rate of 
592.80 dollars per month. 
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81. ( )0.85 25D A c= + and ( )140
72

w
c y

x
= -  

 a) Substituting 5 for A we have: 

  

( ) ( )( )
( )

0.85 5 25

4.25 25

4.25 106.25.

D c c

c

c

= +

= +
= +

 

  Substituting 0.6 for x, 45 for y, we have: 

  

( ) ( ) ( )140 45
72 0.6

95
43.2

95
2.199 .

43.2

w
c w

w

w
w

= -

=

= ª

 

 b) ( )4.25 106.25 4.25
dD d

c
dc dc

= + =   

  The dosage changes at a rate of 4.25 mg per 
unit of creatine clearance. 

 c) 
95 95

2.199
43.2 43.2

dc d w

dw dw
Ê ˆ= = ªÁ ˜Ë ¯

 

  The creatine clearance changes at a rate of 
2.199 unit of creatine clearance per 
kilogram. 

 d) By the Chain Rule: 

  ( ) 95
4.25 9.346

43.2

dD dD dc

dw dc dw
Ê ˆ= ◊ = ªÁ ˜Ë ¯

. 

The dosage changes at a rate of 9.35 
milligrams per kilogram. 

 e) tw Answers will vary.  
dD

dw
represents the 

rate of change of the dosage with respect to 
the patient’s weight.  For each additional 
kilogram of weight, the dosage is increased 
by about 9.35 milligrams. 

 

82. ( ) ( )( )1
2 2 2

2 3 1 2 3 1y x x= - + = - +  

 

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

( )( )
( )

( )

1
2 2

1
2 2

2

1
2 3 1 2 2 3 2

2
2 2 3

2 3 1

2 2 3

2 3 1

dy
x x

dx

x

x

x

x

-
= - + -

-
=

- +

-
=

- +

 

 
 
 
 
 

83. ( )1
3 3 5 3 536 1 6 1y x x x x x x= + + ◊ = + + ◊  

Using the Product Rule and the Extended Power 
Rule, we have 

 

( ) ( )

( ) ( )

( ) ( )
( )

1
3 43

2
5 3 23

5 2
1

4 3 3
2

3 3

6 1 5

1
              6 1 3 6

3

3 2
5 6 1

3 6 1

dy
x x x

dx

x x x x

x x
x x x

x x

-

= + + ◊ +

È ˘+ + +Í ˙Î ˚
+

= + + +
+ +

 

The derivative can be further simplified by 
finding a common denominator and combining 
the fractions. 

( )
( )

( )

( )
( )

2 1
3 4 33 3

2
3 3

5 2

2
3 3

6 1 5 6 1

16 1

2
                                               

6 1

x x x x xdy

dx x x

x x

x x

+ + + +
= ◊ +

+ +

+

+ +

 

( )
( )

( )
( )

( )

( )

4 3 5 2

2 2
3 33 3

7 5 4 7 5

2
3 3

7 5 4

2
3 3

5 6 1 2

6 1 6 1

5 30 5 2

6 1

6 32 5

6 1

x x x x x

x x x x

x x x x x

x x

x x x

x x

+ + +
= +

+ + + +

+ + + +=
+ +

+ +=
+ +

 

 

84. ( )1
4 4 2 4 2 43 8 3 3 8 3s t t t t t t= + + ◊ = + + ◊  

 

( ) ( )

( ) ( )

( ) ( )
( )

( )
( )

( )
( )

( )

( )

1
4 2 4

3
4 2 34

2 2
1

4 2 4
3

4 2 4

4 2 2 2

3 3
4 2 4 24 4

4 2 4 2

3
4 2 4

4 2

3
4 2 4

3 8 3

1
               3 3 8 4 6

4

6 2 3
3 3 8

4 3 8

6 3 8 3 2 3

2 3 8 2 3 8

6 18 48 6 9

2 3 8

12 27 48

2 3 8

ds
t t

dt

t t t t t

t t
t t

t t

t t t t

t t t t

t t t t

t t

t t

t t

-

= + + +

È ˘+ + +Í ˙Î ˚
+

= + + +
+ +

+ + +
= +

+ + + +

+ + + +
=

+ +

+ +=
+ +
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85. 
3

1

x
y

x

Ê ˆ
= Á ˜Ë ¯-

 

Using the Extended Power Rule and the 
Quotient Rule, we have: 

( ) ( )

( ) ( ) ( )

( )

( )
( )

( ) ( )

( ) ( )

3 1

1 1
2 2

1 1
2 2

2

2

1
2

1
2 2

1 1
2 2 2

2

2 1
2

2

3
1 1

1
1 1 1 1

2
3

1 1

1
2 13

1 1

2 2

2 1 2 13

1 1

3 2

1 2 1

3

dy x d x

dx dxx x

x x x
x

x x

x
x

xx

x x

x x

x xx

x x

x x

x x

x x

-

-

Ê ˆ Ê ˆ
Á ˜ Á ˜=
Á ˜ Á ˜- -Ë ¯ Ë ¯

Ê ˆÊ ˆ- - - ◊Á ˜Á ˜Ë ¯Ê ˆ
= ◊ Á ˜Á ˜Ë ¯- Á ˜-Á ˜Ë ¯

Ê ˆ- -Á ˜-Á ˜= Á ˜- -
Á ˜
Ë ¯

-Ê ˆ-Á ˜- -Á ˜= Á ˜- -
Á ˜
Ë ¯

Ê ˆ-Á ˜=
Á ˜- -Ë ¯

-
=

( )
( )5

2

2
.

2 1x -

 

86. ( ) ( )
33 1

2 2 21 1y x x x xÊ ˆ= + = +Ë ¯  

 

( )

( ) ( )

( )
( )

( )

( )
( ) ( )

( )
( )

( )( )
( ) ( )

21
2 2

1 1
2 22 2

2 1
2 2 2 2

1
2 2

2 2
2 2

1 1
2 22 2

2
2 2

1
2 2

1
2 4 2 2

2 4 2

3 1

1
           1 2 1 1

2

3 1 1
1

1
3 1

1 1

1 2
3 1

1

3 6 1

3 6 1

dy
x x

dx

x x x x

x
x x x

x

x x
x x

x x

x
x x

x

x x x

x x x

-

Ê ˆ= + ◊Ë ¯

Ê ˆÊ ˆ+ ◊ + +Á ˜Á ˜Ë ¯Ë ¯

Ê ˆ
Á ˜= + ◊ + +
Á ˜+Ë ¯

Ê ˆ
+Á ˜= + ◊ +

Á ˜+ +Ë ¯

Ê ˆ
+Á ˜= + ◊

Á ˜+Ë ¯

= + +

= + +

 

87. 
( )1

2 22 11

1 1

xx
y

x x

--
= =

- -
 

Using the Quotient Rule and the Extended 
Power Rule, we have: 

( ) ( ) ( ) ( ) ( )

( )

1 1
2 22 2

2

1
1 1 2 1 1

2

1

x x x x
dy

dx x

-Ê ˆ- - - - - -Á ˜Ë ¯
=

-
 

( )
( )

( )

( )

( )
( ) ( )

( )
( )

( )
( )
( )

( )

( ) ( )

( ) ( )

1
2 2

1
2 2

2

1 1
2 22 22

1 1
2 22 2

2

22

1 1
2 22 2

2

1 22 2

1
2 2

1
1

1

1

1 1

11 1

1

1

1 1

1

1

1 1

1

1 1

x x
x

xdy

dx x

x xx x

x x

x

xx x

x x

x

x

x x

x x

-
+ -

-
=

-

- -- + ◊
- -

=
-

-- +
- -

=
-

-
=

- -

=
- -

 

 

88. 
( )12 2 21 1

u u
w

u u
= =

+ +
 

 

( ) ( ) ( ) ( )

( )

( )
( )

( )
( )
( ) ( )

( )

( )( )

( )

1 1
2 22 2

21
2 2

21
2 2

1
2 2

2

2 2

1 1
2 22 2

2

1
2 2 2

3
2 2

1
1 1 1 2

2

1

1
1

1

1

1 1

1

1

1 1

1

1

u u u u
dw

du
u

u
u

u

u

u u

u u

u

u u

u

-È ˘+ - +Í ˙Î ˚=
Ê ˆ+Ë ¯

+ -
+

=
+

+
-

+ +
=

+

=
+ +

=
+
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89. 
32

2

1

1

x x
y

x

Ê ˆ- -
= Á ˜+Ë ¯

 

Using the Extended Power Rule and the 
Quotient Rule, we have 

 

( )( ) ( )( )
( )

2 2 22

2 22

1 2 1 1 21
3

1 1

x x x x xx x

x x

dy

dx

+ - - - -- -
+ +

È ˘Ê ˆ Í ˙= Á ˜Ë ¯ Í ˙Î ˚

 

( )
( ) ( )

( )

22 2

2 22

22 2

42

1 4 1
3

1 1

3 1 4 1
.

1

x x x x

x x

x x x x

x

È ˘Ê ˆ- - + -Í ˙= Á ˜ Í ˙+Ë ¯ +Î ˚

- - + -
=

+

 

 

90. ( )
1

2 2 24 4

2 1 2 1

x x x x
g x

x x

Ê ˆ- -
= = Á ˜+ +Ë ¯

 

( )
( )( ) ( )( )

( )

( )

( )
( )
( )

( ) ( )

1 22 2

2

1 2 22

2 2

1 22

2 2

1 2
2

2 2

2

13
22

'

2 1 2 4 4 21 4

2 2 1 2 1

1 2 1 4 6 4 2 8

2 4 2 1

1 2 1 2 2 4

2 4 2 1

2 21 2 1

2 4 2 1

2

2 1 4

g x

x x x xx x

x x

x x x x x

x x x

x x x

x x x

x xx

x x x

x x

x x x

- È ˘+ - - -Ê ˆ- Í ˙= Á ˜+Ë ¯ Í ˙+Î ˚
È ˘+ - - - +Ê ˆ Í ˙= Á ˜Ë ¯- Í ˙+Î ˚
È ˘+ + -Ê ˆ Í ˙= Á ˜Ë ¯- Í ˙+Î ˚
È ˘+ -+Ê ˆ Í ˙= Á ˜Ë ¯- Í ˙+Î ˚

+ -=
+ - 2

 

 

91. ( ) ( )1
1 2

23 3f t t t t t= + = +  

 Using the Extended Power Rule, we have 

 

( ) ( ) 1
1 12

2 2
1 1

' 3 3
2 2

1
3

2

2 3

3 2 1
1 2 2 .

2 3

f t t t t

t

t t

t

t t

t t

-
-Ê ˆ= + +Á ˜Ë ¯

+
=

+

◊ +
=

+

 

 Simplifying, we have: 

 
( )

6 1

2'
2 3

6 1
.

4 3

t

tf t
t t

t

t t t

+

=
+

+=
+

 

 

92. ( ) ( )( )45
6 3 2F x x x= - +  

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

( )( ) ( ) ( )

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

35 4 5

35 4 5

35 4

34 5

34 5

4 6 3 2 6 5 3 1 3 6

'

4 6 3 2 30 3 6 3

4 6 3 2 6 3 5 3

24 3 3 6 6 3 2

72 3 1 2 6 3 2

x x x x x

F x

x x x x x

x x x x x

x x x x

x x x x

= - + - - + -È ˘Î ˚

È ˘= - + - - + -Î ˚

È ˘= - + - - + -Î ˚

= - - - +

= - - - +

 

 

93. tw Let ( ) ( )
( )

N x
Q x

D x
= . 

 Then ( ) ( ) ( ) 1
Q x N x D x

-
È ˘= Î ˚  

 Therefore, 

( ) ( ) ( ) ( ) ( )

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

( ) ( )
( )

( )
( )

( ) ( )
( )

( ) ( )
( )

2 1

1 1

2

2

1 ' '

'

                                   Product Rule

                                    Extended Power Rule

' '

' '

N x D x D x D x N x

d d
Q x N x D x D x N x

dx dx

N x D x N x

D xD x

N x D x N x D x

D x D x

- -

- -

= - ◊ +

È ˘ È ˘= +Î ˚ Î ˚

- ◊
= +

È ˘Î ˚
- ◊ ◊

= +
È ˘ ÈÎ ˚
( ) ( ) ( ) ( )

( )

2

2

' 'D x N x N x D x

D x

˘Î ˚
◊ - ◊

=
È ˘Î ˚
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94. ( ) [ ]21.68 9.2 ;     3,3f x x x= - -  

Using the calculator, we graph the function and 
the derivative in the same window. We can use 
the nDeriv feature to graph the derivative 
without actually calculating the derivative. 

 
 Using the window: 

  
 We get the graph: 

  
 Note, the function ( )f x is the thicker graph. 

The horizontal tangents occur at the turning 
points of this function, or at the x-intercepts of 
the derivative. Using the trace feature, the 
minimum/maximum feature on the function, or 
the zero feature on the derivative on the 
calculator, we find the points of horizontal 
tangency. 
 
We estimate the points at which the tangent 
lines are horizontal 
are ( ) ( )2.14476, 7.728  and 2.14476,7.728- - . 

 

95. ( ) [ ]3 26 3 48 45,            5,5f x x x x= - - + -  

Using the calculator, we graph the function and 
the derivative in the same window. We can use 
the nDeriv feature to graph the derivative 
without actually calculating the derivative. 

 
 
 
 

 Using the window: 

  
 We get the graph: 

  
 Note, the function ( )f x is the thicker graph. 

The horizontal tangents occur at the turning 
points of this function, or at the x-intercepts of 
the derivative. Using the trace feature, the 
minimum/maximum feature on the function, or 
the zero feature on the derivative on the 
calculator, we find the points of horizontal 
tangency. 
 
We estimate the point at which the tangent line 
is horizontal to be ( )1.47481,9.4878- . 

 

96. ( ) ( )1
2 2 24 4f x x x x x= - = -  

 

( ) ( ) ( ) ( ) ( )

( )
( )

( )
( )
( )

( )

1 1
2 22 2

2 1
2 2

1
2 2

22

1 1
2 22 2

2

1
2 2

2

2

1
' 4 2 4 1

2

4
4

4

4 4

4 2

4

4 2

4

f x x x x x

x
x

x

xx

x x

x

x

x

x

-È ˘= - - + -Í ˙Î ˚
-= + -
-

--= +
- -

-=
-

-=
-

 

Using the window: 
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 The graph of the function and the derivative are  
 shown below. 

 
Note: The graph of the function is the thicker 
graph. 
 

97. ( )
( )1

2

4 4

10 10

x x
g x

x x
= =

- -
 

Using the Quotient Rule and the Extended 
Power Rule, we have 

 

( )
( ) ( ) ( ) ( )

( )( )
( )

( )
( )

( )
( ) ( )

( )

( )

1 1
2 2

21
2

1
2

1
2

1 1
2 2

3
2

1
10 4 4 10 1

2
'

10

2
4 10

10

10

4 10 2

10 10

10

2 40

10

x x x

g x

x

x
x

x

x

x x

x x

x

x

x

-Ê ˆ- - -Á ˜Ë ¯
=

-

- -
-

=
-

-
-

- -
=

-
-=

-

 

 
As a check, we first graph 2y = nDeriv 1( , , ),y x x  

after entering 

1 0.5

4

( 10)

x
y

x
=

-
. We then graph 

3 1.5

(2 40)

( 10)

x
y

x

-
=

-
, the result of our 

differentiation. Note that the graphs coincide. 

2y = nDeriv 1( , , )y x x , 3 1.5

(2 40)

( 10)

x
y

x

-
=

-
 

  
 
 

98. ( ) ( ) ( )( )55 13 322 1 2 1f x x x x x= - + = - +  

( ) ( )( ) ( ) ( )

( )( ) ( )

41 1
3 22 2

41 3 22
1

2

1
' 5 2 1 2 1 2 3

2

1
5 2 1 3

2 1

f x x x x x

x x x
x

-È ˘= - + - +Í ˙Î ˚
È ˘
Í ˙= - + +
Í ˙-Î ˚

 

( ) ( )( ) ( )
( )

( ) ( )

12 241 32
1

2

4
3 2

3 2 1 1
' 5 2 1

2 1

5 2 1 3 2 1 1

2 1

x x
f x x x

x

x x x x

x

È ˘- +Í ˙= - +
Í ˙-Î ˚

- + - +
=

-

 

 As a check, we first graph 2y = nDeriv 1( , , )y x x  

 after entering 0.5 3 5
1 ((2 1) )y x x= - + .  

         We then graph 

 
0.5 3 4 2 0.5

3 0.5

5((2 1) ) (3 (2 1) 1)

(2 1)

x x x x
y

x

- + - +=
-

, 

the result of our differentiation. Note that the 
graphs coincide. 

2y = nDeriv 1( , , )y x x , 
0.5 3 4 2 0.5

3 0.5

5((2 1) ) (3 (2 1) 1)

(2 1)

x x x x
y

x

- + - +=
-

 

  
 

Exercise Set 1.8 
 

 
1.  5 9y x= +  

 

( )

5 1 4

2
4 1 3

2

5 5            First Derivative

5 4 20     Second Derivative

dy
x x

dx

d y
x x

dx

-

-

= =

= =
 

 
2.  4 7y x= -  

 

3

2
2

2

4

12

dy
x

dx

d y
x

dx

=

=
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3.  42 5y x x= -  

 

( )

( )

3

3

2
2

2

2

2 4 5

8 5            First Derivative

8 3

24                Second Derivative

dy
x

dx

x

d y
x

dx

x

= - =

= -

=

=

 

 
4.  35 4y x x= +  

 

2

2

2

15 4

30

dy
x

dx

d y
x

dx

= +

=
 

 
5.  24 3 1y x x= + -  

 

( )2 1

2

2

4 2 3 0

8 3               First Derivative

8                      Second Derivative

dy
x

dx
x

d y

dx

-= + -

= +

=

 

 
6.  24 5 7y x x= - +  

 
2

2

8 5

8

dy
x

dx

d y

dx

= -

=
 

 
7.  7 2y x= +  

 
2

2

7                      First Derivative

0                      Second Derivative

dy

dx

d y

dx

=

=
 

 
8.  6 3y x= -  

 
2

2

6

0

dy

dx

d y

dx

=

=
 

 

9.  2
2

1
y x

x
-= =  

 

2 1

3

3

2

2

2
                     First Derivative

dy
x

dx

x

x

- -

-

= -

= -
-

=

 

 

( )
2

3 1
2

4

4

2 3

6

6
                     Second Derivative

d y
x

dx

x

x

- -

-

= - -

=

=

 

 

10.  3
3

1
y x

x
-= =  

 

4
4

2
5

2 5

3
3

12
12

dy
x

dx x

d y
x

dx x

-

-

-
= - =

= =
 

 

11.  
1

2y x x= =  

 

1 12

1
2

1
2

2
1 12

2

3
2

3 32

1

2
1

2
1 1

          First Derivative
22

1 1

2 2

1

4
1 1

      Second Derivative
44

dy
x

dx

x

xx

d y
x

dx

x

xx

-

-

- -

-

=

=

= =

Ê ˆ= ◊ -Á ˜Ë ¯

= -

= - = -

 

 

12.  
1

4 4y x x= =  

 

31 14 4
3 4 34

2
3 14

2

7
4

7 4 74

1 1 1 1

4 4 44

1 3

4 4

3

16
3 3

1616

dy
x x

dx xx

d y
x

dx

x

xx

- -

- -

-

= = = =
◊

Ê ˆ= -Á ˜Ë ¯

= -

= - = -

 

 

13. ( ) 4 3
f x x

x
= +  

 

( ) ( )4 1 1 1

3 2

3
2

' 4 3 1

4 3

3
4                First Derivative

f x x x

x x

x
x

- - -

-

= + -

= -

= -
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( ) ( ) ( )3 1 2 1

2 3

2
3

'' 4 3 3 2

12 6

6
12          Second Derivative

f x x x

x x

x
x

- - -

-

= - -

= +

= +

 

 

14. ( ) 3 3 15
5f x x x x

x
-= - = -  

 

( )

( )

2 2

2
2

3

3

' 3 5

5
3

'' 6 10

10
6

f x x x

x
x

f x x x

x
x

-

-

= +

= +

= -

= -

 

 

15. ( ) 1
5f x x=  

 

( )

( )

1 15

4
5

4
5

4 15

9
5

9
5

1
'

5
1

5
1

              First Derivative
5
1 4

''
5 5

4

25
4

          Second Derivative
25

f x x

x

x

f x x

x

x

-

-

- -

-

=

=

=

Ê ˆ= -Á ˜Ë ¯

= -

= -

 

16. ( ) 1
3f x x=  

 

( )

( )

2
3

2
3

5
3

5
3

1 1
'

3 3
1 2 2

''
3 3 9

f x x
x

f x x
x

-

-

= =

Ê ˆ= - = -Á ˜Ë ¯

 

 
17. ( ) 34f x x-=  

 

( ) ( )

( ) ( )

3 1

4

4

4 1

5

5

' 4 3

12

12
             First Derivative

'' 12 4

48

48
                 Second Derivative

f x x

x

x

f x x

x

x

- -

-

- -

-

= -

= -

= -

= - -

=

=

 

 

18. ( ) 22f x x-=  

 
( )

( )

3
3

4
4

4
' 4

12
'' 12

f x x
x

f x x
x

-

-

= - = -

= =
 

 

19. ( ) ( )72 3f x x x= +  

 

( ) ( ) ( )
( )( )

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

7 12

62

6 12

62

5 62 2 2

' 7 3 2 3   Theorem 7

7 2 3 3     First Derivative

'' 7 2 3 6 3 2 3

  7 6 2            Theorem 5

42 2 3 3 14 3

f x x x x

x x x

f x x x x x

x x

x x x x x

-

-

= + +

= + +

= + + + +

+

= + + + +

 

We can simplify the second derivative by 
factoring out common factors. 

 

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

5 22 2

52 2 2

52 2 2

52 2 Second 
Derivative

''

14 3 3 2 3 3

14 3 3 4 12 9 3

14 3 12 36 27 3

14 3 13 39 27  

f x

x x x x x

x x x x x x

x x x x x x

x x x x

È ˘= + + + +Î ˚
È ˘= + + + + +Î ˚

È ˘= + + + + +Î ˚

= + + +

 

 

20. ( ) ( )63 2f x x x= +  

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

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

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

43 4 2 4 2

53 2

53

42 3 2

5 2 43 2 3

4 23 3 2

43 4 2

6 2 6 12 45 60 20

' 6 2 3 2

'' 6 2 6

6 3 2 5 2 3 2

36 2 30 3 2 2

6 2 6 2 5 3 2

6 2 51 72 20

x x x x x x

f x x x x

f x x x x

x x x x

x x x x x x

x x x x x x

x x x x

= + + + + +

= + +

È ˘= + +Í ˙Î ˚
È ˘+ ◊ + +Í ˙Î ˚

= + + + +

È ˘= + + + +Í ˙Î ˚

È ˘Î ˚

= + + +

 

 

21. ( ) ( )1022 3 1f x x x= - +  

 
( ) ( ) ( )

( ) ( )

10 12

92 First 
Derivative

' 10 2 3 1 4 3  Theorem 7

10 2 3 1 4 3     

f x x x x

x x x

-
= - + -

= - + -
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( ) ( ) ( )
( ) ( ) ( )
( )

( ) ( )
( ) ( )(

( ))
( ) (

92

82

92

82 2

82 2

2

82 2

'' 10 2 3 1 4        Theorem 5

10 4 3 9 2 3 1 4 3

40 2 3 1

90 4 3 2 3 1

10 2 3 1 4 2 3 1

                                 9 16 24 9

10 2 3 1 8 12 4

                            

f x x x

x x x x

x x

x x x

x x x x

x x

x x x x

= - + +

- ◊ - + -

= - + +

- - +

= - + - + +

- +

= - + - + +

)
( ) ( )

2

82 2

     144 216 81

10 2 3 1 152 228 85

                                     Second Derivative

x x

x x x x

- +

= - + - +

 

  

22. ( ) ( )523 2 1f x x x= + +  

 ( ) ( ) ( )42' 5 3 2 1 6 2f x x x x= + + +  

 

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

( ))
( ) (

)

42

32

42

32 2

32 2

2

32 2

2

2

'' 5 3 2 1 6

  5 6 2 4 3 2 1 6 2

30 3 2 1

20 6 2 3 2 1

10 3 2 1 3 3 2 1

                               2 36 24 4

10 3 2 1 9 6 3

                               72 48 8

10 3

f x x x

x x x x

x x

x x x

x x x x

x x

x x x x

x x

x

= + + +

+ ◊ + + +

= + + +

+ + +

= + + + + +

+ +

= + + + + +

+ +

= ( ) ( )3 22 1 81 54 11x x x+ + + +

  

 

23. ( ) ( ) ( )332 2 44 1 1f x x x= + = +  

 
( ) ( ) ( )

( )

1
2 4

1
2 4

3
' 1 2      Theorem 7

4
3

1             First Derivative
2

f x x x

x x

-

-

= +

= +
 

 

( ) ( ) ( )

( ) ( )

( ) ( )

( ) ( )

5
2 4

1
2 4

5 1
2 2 24 4

2

5 1
22 44

3 1
'' 1 2

2 4
3

1 1                  Theorem 5
2

3 3
1 1

4 2
3 3

2 14 1

f x x x x

x

x x x

x

xx

-

-

- -

-= ◊ + +

+

= - + + +

-
= +

++

 

We can simplify the second derivative by 
finding a common denominator and combining 
the fractions.   

 

( )
( ) ( )

( )
( )

( )
( )
( )

( )
( )
( )

22

5 1 2
22 44

22

5 5
2 24 4

2

5
2 4

2

5
2 4

2 13 3
''

2 12 14 1

6 13

4 1 4 1

3 6

4 1

3 2

4 1

xx
f x

xxx

xx

x x

x

x

x

x

+-= + ◊
+++

+-= +
+ +

+=
+

+
=

+

 

 

24. ( ) ( ) ( )222 2 33 1 1f x x x= - = -  

 
( ) ( ) ( )

( )

1
2 3

1
2 3

2
' 1 2

3
4

1
3

f x x x

x x

-

-

= -

= -
 

 

( ) ( ) ( )

( ) ( )

( ) ( )

( ) ( )

( )
( )

( )

( )
( )
( )

4
2 3

1
2 3

4 1
2 2 23 3

2

4 1
2 23 3

22

4 4
2 23 3

2

4
2 3

2

4
2 3

4 1
'' 1 2

3 3
4

1 1
3
8 4

1 1
9 3

8 4

9 1 3 1

12 18

9 1 9 1

4 12

9 1

4 3

9 1

f x x x x

x

x x x

x

x x

xx

x x

x

x

x

x

-

-

- -

-= ◊ -

+ -

-
= - + -

-
= +

- -

--= +
- -

-
=

-

-
=

-  
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25.  
2

3 4y x x= +  

 

2 13

1
3

1 13

4
3

4
3

2
' 4

3
2

4            First Derivative
3
2 1

''
3 3

2

9
2

                Second Derivative
9

y x

x

y x

x

x

-

-

- -

-

= +

= +

-
= ◊

= -

= -

 

 

26.  
3

2 5y x x= -  

 

1
2

1
2

3
' 5

2
3 3

''
4 4

y x

y x
x

-

= -

= =
 

 

27.  ( )3
3 4y x x= -  

 
( ) ( )
( ) ( )

3 13 24

1
3 24

3
' 3 1       Theorem 7

4
3

3 1       First Derivative
4

y x x x

x x x

-

-

= - -

= - -
 

 

( ) ( )

( ) ( ) ( )

( )
( ) ( )

( )
( )
( )

1
3 4

1 12 3 24

1
3 4

522 3 4

22

1 5
3 34 4

3
'' 6            Theorem 5

4
3 1

 3 1 3 1
4 4
9

2
3

  3 1
16

3 3 19

2 16

y x x x

x x x x

x x x

x x x

xx

x x x x

-

- -

-

-

= - +

-- ◊ - -

= - +

- - -

-
= -

- -

 

The second derivative can be simplified by 
finding a common denominator and combining 
the fractions. 

 

( )
( )
( )

( )
( )

( )
( )

( )

( )

( )

23 2

1 53
3 34 4

4 24 2

5 5
3 34 4

4 2 4 2

5
3 4

4 2

5
3 4

8 3 3 19
''

82 16

3 9 6 172 72

16 16

72 72 27 18 3

16

45 54 3
        Second Derivative

16

x x xx
y

x xx x x x

x xx x

x x x x

x x x x

x x

x x

x x

- -
= ◊ -

-- -

- +-
= -

- -

- - + -=
-

- -
=

-

 

 

28. ( )2
4 3y x x= +  

 ( ) ( )1
4 332

' 4 1
3

y x x x
-

= + +  

 

( ) ( )

( ) ( ) ( )

( )
( )
( )

( )
( ) ( )

( )

( )

1
4 23

4
3 4 33

232

1 4
4 43 3

2 4 6 3

4 4
4 43 3

6 3

4
4 3

6 3

4
4 3

2
'' 12

3

1
   4 1 4 1

3

4 12 12

3 3

362 16 8 1

3 3 3

2 20 28 1

3 3

40 56 2

9

y x x x

x x x x

xx

x x x x

x x x x x

x x x x

x x

x x

x x

x x

-

-

È= + +ÍÎ
˘Ê ˆ+ - + +Á ˜ ˙Ë ¯ ˚

È ˘+Í ˙= -Í ˙
+ +Í ˙Î ˚

È ˘+ + +Í ˙= -Í ˙
+ +Í ˙Î ˚

È ˘
+ -Í ˙= Í ˙
+Í ˙Î ˚

+ -
=

+

 

 

29.  
5 1

4 22y x x= +  

 

5 11 14 2

1 1
4 2

1 11 14 2

3 3
4 2

3 3
4 2

5 1
' 2

4 2
5 1

          First Derivative
2 2
5 1 1 1

''
2 4 2 2
5 1

8 4
5 1

           Second Derivative
8 4

y x x

x x

y x x

x x

x x

- -

-

- - -

- -

= ◊ +

= +

-
= ◊ + ◊

= -

= -

 

 

Copyright © 2012 Pearson Education, Inc. Publishing as Addison-Wesley



  Chapter 1:  Differentiation 186

30.  
4 1

3 23y x x= -  

 

4 11 13 2

1 1
3 2

1 11 13 2

2 3
3 2

2 3
3 2

4 1
' 3

3 2
1

4
2

1 1 1
'' 4

3 2 2
4 1

3 4
4 1

3 4

y x x

x x

y x x

x x

x x

- -

-

-- -

- -

= ◊ -

= -

-
= ◊ - ◊

= +

= +

 

 

31.  3 2
3 2

2 1
2y x x

x x
- -= + = +  

 

( ) ( )

( ) ( )

3 1 2 1

4 3

4 1 3 1

5 4

5 4

' 2 3 2

6 2          First Derivative

'' 6 4 2 3

24 6

24 6
                 Second Derivative

y x x

x x

y x x

x x

x x

- - - -

- -

- - - -

- -

= - + -

= - -

= - - - -

= +

= +

 

 

32.  4 1
4

3 1
3y x x

xx
- -= - = -  

 

5 2

6 3
6 3

' 12

60 2
'' 60 2

y x x

y x x
x x

- -

- -

= - +

= - = -
 

 

33.  ( )( )2 3 4 1y x x= + -  

 

( )( ) ( )( )

( )

2

2 2

2

2 1

' 3 4 4 1 2     Theorem 5

4 12 8 2

12 2 12            First Derivative

'' 12 2 2

24 2                      Second Derivative

y x x x

x x x

x x

y x

x

-

= + + -

= + + -
= - +

= -

= -

 

  

34.  ( )( )3 2 5 1y x x= - +  

 

( )( ) ( )( )3 2

3 3 2

3 2

2

' 2 5 5 1 3

5 10 15 3

20 3 10

'' 60 6

y x x x

x x x

x x

y x x

= - + +

= - + +
= + -
= +

 

 
 
 

35.  
3 1

2 3

x
y

x

+
=

-
 

 

( )( ) ( )( )
( )

( )

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

( )( )
( )

( )

( )

2

2

2

2 2 1

22

4

3

2 3 3 3 1 2
'       Theorem 6

2 3

6 9 6 2

2 3

11
                First Derivative

2 3

2 3 0 11 2 2 3 2
''

2 3

                    Theorem 6 and Theorem 7

44 2 3

2 3

44
               Sec

2 3

x x
y

x

x x

x

x

x x
y

x

x

x

x

-

- - +
=

-
- - -

=
-

-=
-

- - - -
=

-

-
=

-

=
-

ond Derivative

 

 

36.  
2 3

5 1

x
y

x

+
=

-
 

 

( )( ) ( )( )
( )

( )
( )

( ) ( )( )
( )

( )

2

2

2

3

3

3

5 1 2 2 3 5
'

5 1

17
17 5 1

5 1

'' 17 2 5 1 5

170 5 1

170

5 1

x x
y

x

x
x

y x

x

x

-

-

-

- - +
=

-
-

= = - -
-

= - - -

= -

=
-

 

 
37.  4y x=  

 
( )

( )

4 1 3

2
3 1 2

2

3
2 1

3

4

4

4 4            First Derivative

4 3 12      Second Derivative

12 2 24      Third Derivative

24                           Fourth Derivative

dy
x x

dx

d y
x x

dx

d y
x x

dx

d y

dx

-

-

-

= =

= =

= =

=
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38.  5y x=  

 

4

2
3

2

3
2

3

4

4

5

20

60

120

dy
x

dx

d y
x

dx

d y
x

dx

d y
x

dx

=

=

=

=

 

 
39.  6 3 2y x x x= - +  

 

( ) ( )

( )

( )

6 1 3 1

5 2

2
5 1 2 1

2

4

3
4 1

3

3

4
3 1

4

2

6 3 2

6 3 2           First Derivative

6 5 3 2

30 6                 Second Derivative

30 4 6

120 6                Third Derivative

120 3

360        

dy
x x

dx

x x

d y
x x

dx

x x

d y
x

dx

x

d y
x

dx

x

- -

- -

-

-

= - +

= - +

= -

= -

= -

= -

=

=

( )
5

2 1
5

               Fourth Derivative

360 2

720                         Fifth Derivative

d y
x

dx
x

-=

=

 

  
 
40. 7 28 2y x x= - +  

 

6

2
5

2

3
4

3

4
3

4

5
2

5

6

6

7 16

42 16

210

840

2520

5040

dy
x x

dx

d y
x

dx

d y
x

dx

d y
x

dx

d y
x

dx

d y
x

dx

= -

= -

=

=

=

=

 

 
 
 
 

41. ( ) 12 2f x x x-= -  

 

( )

( ) ( )

( ) ( )

( ) ( ) ( )

1 12 1 2

13 2

1 13 1 2

34 2

3 14 1 2

55 2

4 5 1

First
Derivative

Second
Derivative

Third
Derivative

1
' 2

2
1

2          
2

1 1
'' 2 3

2 2
1

6          
4

1 3
''' 6 4

4 2
3

24          
8

24 5

f x x x

x x

f x x x

x x

f x x x

x x

f x x

-- -

--

- -- -

--

- -- -

--

- -

= - -

= - -

-= - - - ◊

= +

-= - + ◊

= - -

= - - -
5 12

76 2 Fourth
Derivative

3 5

8 2
15

120          
16

x

x x

- -

--

-
◊

= +

 

 

42. ( ) 1
3 32f x x x-= +  

 

( )

( )

( )
( ) ( )
( ) ( )

2
4 3

55 3

8
6 3

114 7 3

145 8 3

2
' 3

3
4

'' 12
9

20
''' 60

27
160

360
81

1760
2520

243

f x x x

f x x x

f x x x

f x x x

f x x x

--

--

--

--

--

= - +

= -

= - +

= -

= - +

 

 
43. ( ) 4 3 23 7 6 9g x x x x x= - - - +  

 

( ) ( ) ( )

( ) ( ) ( )

( ) ( )

( ) ( )

4 1 3 1 2 1

3 2

3 1 2 1

2

2 1

4

First
Derivative

Second
Derivative

Third
Derivative

' 4 3 3 7 2 6

4 9 14 6        

'' 4 3 9 2 14

12 18 14              

''' 12 2 18

24 18                        

24       

g x x x x

x x x

g x x x

x x

g x x

x

g x

- - -

- -

-

= - - -

= - - -

= - -

= - -

= -

= -

=
( ) ( )
( ) ( )

5

6

Fourth
Derivative

Fifth
Derivative

Sixth
Derivative

                          

0                                   

0                                   

g x

g x

=

=
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44. ( ) 5 4 3 26 2 4 7 8 3g x x x x x x= + - + - +  

 

( )
( )
( )

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

4 3 2

3 2

2

4

5

6

7

' 30 8 12 14 8

'' 120 24 24 14

''' 360 48 24

720 48

720

0

0

g x x x x x

g x x x x

g x x x

g x x

g x

g x

g x

= + - + -

= + - +

= + -

= +

=

=

=

 

 
45. ( ) 3s t t t= +  

 a) ( ) ( ) 2' 3 1v t s t t= = +  

 b) ( ) ( ) ( )' '' 6a t v t s t t= = =  

 c) When 4t =  

  
( ) ( )
( ) ( )

2
4 3 4 1 49

4 6 4 24

v

a

= + =

= =
 

After 4 seconds, the velocity is 49 feet per 
second, and the acceleration is 24 feet per 
second squared. 

 
46. ( ) 210 2 5s t t t= - + +  

 a) ( ) ( )' 20 2v t s t t= = - +  

 b) ( ) ( ) ( )' '' 20a t v t s t= = = -  

 c) When 1t = ,  

  
( ) ( )
( )

m
sec

m
2sec

1 20 1 2 18

1 20

v

a

= - + = -

= -
 

 
47. ( ) 3 10s t t= +  

 a) ( ) ( )' 3v t s t= =  

 b) ( ) ( ) ( )' '' 0a t v t s t= = =  

 c) When 2t =  

  
( )
( )
2 3

2 0

v

a

=

=
 

After 2 hours, the velocity is 3 miles per 
hour, and the acceleration is 0 miles per 
hour squared. 

 d) tw Answers will vary. Uniform motion 

means that the object is moving with a 
constant velocity. Since the objects velocity 
is not changing, the objects acceleration will 
be zero. 

 
 

48. ( ) 2 1
3

2
s t t t= - +  

 a) ( ) ( ) 1
' 2

2
v t s t t= = -  

 b) ( ) ( ) ( )' '' 2a t v t s t= = =  

 c) When 1t = ,  

  
( ) ( )
( )

m
sec

m
2sec

1 3
1 2 1 1.5

2 2
1 2

v

a

= - = =

=
 

 
49. ( ) 216s t t=  

 a) When 3t = , ( ) ( )2
3 16 3 144s = = . 

  The hammer falls 144 feet in 3 seconds. 
 b) ( ) ( )' 32v t s t t= =  

  When 3t = , ( ) ( )3 32 3 96v = =  

the hammer is falling at 96 feet per second 
after 3 seconds. 

 
 c) ( ) ( ) ( )' '' 32a t v t s t= = =  

  When 3t = , ( )3 32a =  

the hammer is accelerating at 32 feet per 
second squared after 3 seconds. 

 
50. ( ) 216s t t=  

 a) When 2t = , ( ) ( )2
2 16 2 64s = = . 

  The bolt falls 64 feet in 2 seconds. 
 b) ( ) ( )' 32v t s t t= =  

  When 2t = , ( ) ( )2 32 2 64v = =  

the bolt is falling at 64 feet per second after 
2 seconds. 

 c) ( ) ( ) ( )' '' 32a t v t s t= = =  

  When 2t = , ( )3 32a =  

the bolt is accelerating at 32 feet per second 
squared after 2 seconds. 

 
51. ( ) 24.905s t t=  

 The velocity and acceleration are given by: 

 
( ) ( )
( ) ( ) ( )

' 9.81

' '' 9.81

v t s t t

a t v t s t

= =

= = =
 

 After 2 seconds, we have 
 ( ) ( )2 9.81 2 19.62v = =  

 The stone is falling at 19.62 meters per second. 
 ( )2 9.81a =  

 The stone is accelerating at 9.81 meters per 
 second squared. 
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52. ( ) 24.905s t t=  

 
( ) ( )
( ) ( ) ( )

' 9.81

' '' 9.81

v t s t t

a t v t s t

= =

= = =
 

 After 3 seconds, we have 
 ( ) ( )3 9.81 3 29.43v = =  

 The stone is falling at 29.43 meters per second. 
 ( )3 9.81a =  

 The stone is accelerating at 9.81 meters per 
 second squared. 
 
53. a) The plane’s velocity is greater at 

20t = seconds. We know this because the 
slope of the tangent line is greater at 

20t = then it is at 6.t =  
 b) The plane’s acceleration is positive, since 

the velocity (slope of the tangent lines) is 
increasing over time. 

 
54. a) The bicyclist’s velocity is the greatest at 

time 0t = . The tangent line at 0t = has the 
greatest slope. 

 b) The bicyclist’s acceleration is negative, 
since the slopes of the tangent line are 
decreasing with time.  

 
55. ( ) 3 22 40 220 160S t t t t= - + +  

 a) ( ) 2' 6 80 220S t t t= - +  

When 1t = , 

( ) ( ) ( )2
' 1 6 1 80 1 220 146S = - + = . 

After 1 month, sales are increasing at 146 
thousand (146,000) dollars per month.  
When 2t = , 

( ) ( ) ( )2
' 2 6 2 80 2 220 84S = - + = . 

After 2 month, sales are increasing at 84 
thousand (84,000) dollars per month. 
When 4t = , 

( ) ( ) ( )2
' 4 6 4 80 4 220 4S = - + = - . 

After 4 months, sales are changing at a rate 
of 4-  thousand ( )4000- dollars per month. 

 b) ( )'' 12 80S t t= -  

When 1t = , ( ) ( )'' 1 12 1 80 68S = - = - . 

After 1 month, the rate of change of sales 
are changing at a rate of 68-  thousand 

( )68,000- dollars per month squared.  

 
 
 
 

When 2t = , 

 ( ) ( )'' 2 12 2 80 56S = - = - . 

After 2 months, the rate of change of sales 
are changing at a rate of 56-  thousand 

( )56,000- dollars per month squared.  

When 4t = , ( ) ( )'' 4 12 4 80 32S = - = - . 

After 4 months, the rate of change of sales 
are changing at a rate of 32-  thousand 

( )32,000- dollars per month squared. 

 c) tw Answers will vary. The first derivative 

found in part (a) determined the rate at 
which sales were changing t months after 
the product was marketed. We saw that for 
the first 2 months, sales were increasing. 
However, in the 4th  month, sales had started 
to decrease. The second derivative found in 
part (b) determined how fast the rate of 
change was changing.  We saw that the rate 
at which sales were changing was negative. 
Which means that in the first two months 
when sales were increasing, they were doing 
so at a decreasing rate.  

 
56. ( ) 3 22 3 2N t t t t= - +  

 a) ( ) 2' 6 6 2N t t t= - +  

When 1t = , ( ) ( ) ( )2
' 1 6 1 6 1 2 2N = - + =  

After 1 day, the number of items sold was 
increasing by 2 items per day.  

When 2t = , ( ) ( ) ( )2
' 2 6 2 6 2 2 14N = - + =  

After 2 days, the number of items sold was 
increasing by 14 items per day. 

When 4t = , ( ) ( ) ( )2
' 4 6 4 6 4 2 74N = - + =  

After 4 days, the number of items sold was 
increasing by 74 items per day. 

 b) ( )'' 12 6N t t= -  

When 1t = , ( ) ( )'' 1 12 1 6 6N = - =  

After 1 day, the rate of change of the 
number of items sold was increasing by 6 
items per day squared.  
When 2t = , ( ) ( )'' 2 12 2 6 18N = - =  

After 2 days, the rate of change of the 
number of items sold was increasing by 18 
items per day squared.  
When 4t = , ( ) ( )'' 4 12 4 6 42N = - =  

After 4 days, the rate of change of the 
number of items sold was increasing by 42 
items per day squared.  
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 c) tw Answers will vary. The first derivative 

found in part (a) determined the rate at 
which items were sold  t days after the new 
sales promotion was launched. The second 
derivative found in part (b) determined the 
rate at which the rates in part (a) where 
changing.  The information tells us that after 
the new sales promotion was launched, the 
number of items sold were increasing at a 
increasing rate with respect to time. 

 

57. ( ) ( ) 11
1

1
y x

x

-= = -
-

 

 

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

1 1 2

2 1 3

3 1 4

' 1 1 1 1 1

'' 2 1 1 2 1

''' 2 3 1 1 6 1

y x x

y x x

y x x

- - -

- - -

- - -

= - - - = -

= - - - = -

= - - - = -

 

 Therefore, 

 
( )4

6
'''

1
y

x
=

-
. 

 

58. ( )1
2 2 21 1y x x x x= + = +  

 

( ) ( ) ( ) ( )

( ) ( )

( )
( )

( )
( )
( )

( )

1 1
2 22 2

1 1
2 2 22 2

2 1
2 2

1
2 2

22

1 1
2 22 2

2

1
2 2

1
' 1 2 1 1

2

1 1

1
1

1

1 1

2 1

1

y x x x x

x x x

x
x

x

xx

x x

x

x

-

-

= ◊ + + +

= + + +

= + +
+

+
= +

+ +

+
=

+

 

  

 

( ) ( ) ( ) ( ) ( )

( )

( ) ( )( )
( )

( )
( ) ( )

( )

( ) ( )

( )

1 1
2 2 22 2

21
2 2

1 1
2 3 22 2

2

2 3

1 1
2 22 2

2

3

1
2 22

3

3
2 2

1
1 4 2 1 1 2

2
''

1

4 1 2 1

1

4 1 2

1 1

1

2 3

1 1

2 3

1

x x x x x

y

x

x x x x x

x

x x x x

x x

x

x x

x x

x x

x

-

-

Ê ˆ+ - + +Á ˜Ë ¯
=

Ê ˆ+Ë ¯

+ - + +
=

+

+ +-
+ +

=
+

+=
+ +

+=
+

 

( ) ( ) ( ) ( ) ( )

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

( )
( ) ( )( ) ( )

( )

( )

( )

3 1
2 2 3 22 2

23
2 2

3 1
2 2 3 22 2

32

1
2 2 2 32

32

4 2 4 2

5
2 2

5
2 2

3
1 6 3 2 3 1 2

2

1

'''

6 3 1 3 2 3 1

1

1 6 3 1 3 2 3

1

6 9 3 6 9

1

3

1

x x x x x x

x

y

x x x x x x

x

x x x x x x

x

x x x x

x

x

+ + - + +

+

=

Ê ˆ
Á ˜Ë ¯

=

+ + - + +

+

È ˘+ + + - +Î ˚=
+

+ + - -=
+

=
+

 

59. ( ) 1
2

1
2 1

2 1
y x

x

-= = +
+

 

 
( ) ( )

( )

1 12

3
2

1
' 2 1 2

2

2 1

y x

x

- -

-

-= +

= - +
 

 
( ) ( )

( )

3 12

5
2

3
'' 2 1 2

2

3 2 1

y x

x

- -

-

-= - +

= +
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( ) ( )

( )

( )

5 12

7
2

7
2

5
''' 3 2 1 2

2

15 2 1

15

2 1

y x

x

x

- -

-

-Ê ˆ= +Á ˜Ë ¯

= - +

= -
+

 

 

60. 
3 1

2 3

x
y

x

-
=

+
 

 

( )( ) ( )( )
( )

( )
( )

2

2

2

2 3 3 3 1 2
'

2 3

11
11 2 3

2 3

x x
y

x

x
x

-

+ - -
=

+

= = +
+

 

 
( )( ) ( )
( )

2 1

3

'' 11 2 2 3 2

44 2 3

y x

x

- -

-

= - +

= - +
 

 

( )( ) ( )
( )

( )

3 1

4

4

''' 44 3 2 3 2

264 2 3

264

2 3

y x

x

x

- -

-

= - - +

= +

=
+

 

 

61. 
1

2

1
2

1 1

1 1

x x
y

x x

+ += =
- -

 

 

( ) ( )
( )

( )

( )

1 1 1 1
2 2 2 2

21
2

1 1
2 2

21
2

1
2

21
2

1 1
1 1

2 2
'

1

1 1 1 1
2 2 2 2

1

1

x x x x

y
x

x x

x

x

x

- -

- -

-

Ê ˆ Ê ˆ- - +Á ˜ Á ˜Ë ¯ Ë ¯
=

-

- - -
=

-

-=
-

 

 

( ) ( ) ( )
( )

( ) ( )
( )

( ) ( )
( )

( )

( )

( )

2 31 1 1 1
2 2 2 2 2

221
2

23 1 112 2 2

41
2

31 1 12 2 2

41
2

31 12

31
2

31 2

31
2

3
2

31
2

1
2

3 3
2 2

1 1
1 2 1

2 2
''

1

1
1 1

2

1

1
1 1

2

1

1 1
2 2

1

3 1
2 2

1

3 1
2 2

1

3 1

2 2

x x x x x

y

x

x x x x

x

x x x x

x

x x x

x

x x

x

x x

x

x

x x

x

- - -

- -

- -

-- -

--

- - - -Ê ˆ È ˘
Á ˜ Í ˙Ë ¯ Î ˚=

Ê ˆ-Á ˜Ë ¯

- + -
=

-

Ê ˆ- - +Á ˜Ë ¯
=

-

- +
=

-

Ê ˆ-Á ˜Ë ¯
=

-

-
=

-

-
=

( )

( )

31
2

1
2

33 1
2 2

1

3 1

2 1

x

x x

-

-=
-
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62. 
( )1

21 1

x x
y

x x
= =

- -
 

 

( ) ( ) ( ) ( )

( )( )
( )

( )

( )
( ) ( )

( )

( )

1 1
2 2

21
2

1
2

1
2

1 1
2 2

1
2

3
2

1
1 1 1 1

2
'

1

1
2 1

1
2 1

2 1 2 1

1
2

2 1

1
2

2 1

x x x

y

x

x
x

x

x

x x

x x

x
x

x

x
x

x

-Ê ˆ- - -Á ˜Ë ¯
=

-

- -
-

=
-

-
-

- -
=

-
-

-
=

-
-=
-

 

 

( ) ( ) ( ) ( ) ( )

( )( )
( ) ( ) ( )

( )

( )

( )

( )

3 1
2 2

23
2

1
2

3

5
2

5
2

5
2

3
1 1 2 1 1

1 2
''

2
1

3
1 1 2

1 2
2 1

3
1 31 2

2 1

1
21 2

2 1

1
1

4

1

x x x

y

x

x x x

x

x x

x

x

x

x

x

Ê ˆ- - - -Á ˜Ë ¯
= ◊

-

È ˘- - - -Í ˙Î ˚= ◊
-

- - +
= ◊

-

-
= ◊

-

-
=

-

 

 
63. ky x=  

 ( )

( )( )

1

2
2

2

3
3

3

1

1 2

k

k

k

dy
kx

dx

d y
k k x

dx

d y
k k k x

dx

-

-

-

=

= -

= - -

 

 
( )( )( )

( )( )( )( )

4
4

4

5
5

5

1 2 3

1 2 3 4

k

k

d y
k k k k x

dx

d y
k k k k k x

dx

-

-

= - - -

= - - - -
 

 
64. 3 2y ax bx cx d= + + +  

 

2

2

2

3

3

3 2

6 2

6

dy
ax bx c

dx

d y
ax b

dx

d y
a

dx

= + +

= +

=

 

 

65. ( ) 1

2

x
f x

x

-
=

+
 

 

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

( )

2

2

2 1 1 1
'

2

3

2

x x
f x

x

x

+ - -
=

+

=
+

 

 Notice, ( )
( )

( ) 2

2

3
' 3 2

2
f x x

x

-= = +
+

. 

 

( ) ( )( )
( )

( )

2 1

3

3

'' 3 2 2

6 2

6

2

f x x

x

x

- -

-

= - +

= - +

= -
+

 

 Notice, ( )
( )

( ) 3

3

6
'' 6 2

2
f x x

x

-= - = - +
+

. 

 

( ) ( )( ) ( )
( )

( )

3 1

4

4

''' 6 3 2 1

18 2

18

2

f x x

x

x

- -

-

= - - +

= +

=
+

 

 Notice, ( )
( )

( ) 4

4

18
''' 18 2

2
f x x

x

-= = +
+

. 

 

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

( )

4 14

5

5

18 4 2 1

72 2

72

2

f x x

x

x

- -

-

= - +

= - +

= -
+
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66. ( ) 3

2

x
f x

x

+
=

-
 

 

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

( )
( )

2

2

2

2 1 3 1
'

2

5
5 2

2

x x
f x

x

x
x

-

- - +
=

-
-= = - -
-

 

 

( ) ( )( ) ( )
( )

( )

3

3

3

'' 5 2 2 1

10 2

10

2

f x x

x

x

-

-

= - - -

= -

=
-

 

 

( ) ( )( ) ( )
( )

( )

3 1

4

4

''' 10 3 2 1

30 2

30

2

f x x

x

x

- -

-

= - -

= - -

= -
-

 

 

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

( )

4 14

5

5

30 4 2 1

120 2

120

2

f x x

x

x

- -

-

= - - -

= -

=
-

 

 
67. ( ) 216s t t=  

 Find the velocity function, ( ) ( )' 32v t s t t= = . 

This velocity function is in feet per second, we 
need to convert 50 miles per hour to feet per 
second. There are 5280 feet in one mile and 
3600 seconds in one hour. Therefore, 

mi 5280ft 1 hr 220 ft
50

hr 1 mi 3600 sec 3 sec
Ê ˆ Ê ˆ Ê ˆ =Á ˜ Á ˜ Á ˜Ë ¯ Ë ¯ Ë ¯

 

Now we solve the equation: 

( ) 220

3
220

32
3

220 1

3 32
55

2.29.
24

v t

t

t

t

=

=

= ◊

= ª

 

The ball will have to fall approximately 2.29 
seconds to reach a speed of 50 mi/hr.  

 
 
 
 
 
 

68. ( ) [ ]4 20.1 0.4;         5,5s t t t= - + -  

  
From the graph we see that ( )v t switches at 

1.29 and 1.29.t t= - =   
 
69. ( ) [ ]3 3 ;         3,3s t t t= - + -  

  
From the graph we see that ( )v t switches at 

0.t =   
 
70. ( ) [ ]4 3 24 2 4;         3,3s t t t t t= + - - + -  

  
From the graph we see that ( )v t switches at 

0.604 and 1.104.t t= = -  
 
71. ( ) [ ]3 23 2;         2,4s t t t= - + -  

  
From the graph we see that ( )v t switches at 

1.t =  
 
 
 

Copyright © 2012 Pearson Education, Inc. Publishing as Addison-Wesley



<<
  /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 1.4
  /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 /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 2400
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /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 true
  /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 false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /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 (None)
  /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




