
Section 4.9 Antiderivatives

4. Find an antiderivative of the function. (a) g(t) = 1/t (b) r(θ) = sec2 θ

Solution:
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3 ≈ 097770, 4 ≈ 098451, 5 ≈ 098830, 6 ≈ 098976, 7 ≈ 098998, 8 ≈ 098999 ≈ 9. So, to five decimal

places, 1 is located 098999 AU from the sun (or 001001 AU from the earth).

(b) In this case we use Newton’s method with the function

() − 22 = 5 − (2 + )4 + (1 + 2)3 − (1 + )2 + 2(1− )+  − 1 ⇒
()− 220 = 54 − 4(2 + )3 + 3(1 + 2)2 − 2(1 + )+ 2(1− ). So

+1 =  − 5 − (2 + )4 + (1 + 2)
3
 − (1 + )2 + 2(1− ) +  − 1

54 − 4(2 + )3 + 3(1 + 2)2 − 2(1 + ) + 2(1− )
. Again, we substitute

 ≈ 304042× 10−6. 2 is slightly more than 1 AU from the sun and, judging from the result of part (a), probably less

than 002 AU from earth. So we take 1 = 102 and get 2 ≈ 101422, 3 ≈ 101118, 4 ≈ 101018,
5 ≈ 101008 ≈ 6. So, to five decimal places, 2 is located 101008 AU from the sun (or 001008 AU from the earth).

4.9 Antiderivatives

1. (a) () = 6 ⇒  () = 6 is an antiderivative.

(b) () = 32 ⇒ () = 3
2+1

2 + 1
= 3 is an antiderivative.

2. (a) () = 2 = 21 ⇒  () = 2
1+1

1 + 1
= 2 is an antiderivative.

(b) () = −12 = −−2 ⇒ () = − −2+1

−2 + 1 = −1 = 1 is an antiderivative.

3. (a) () = cos  ⇒ () = sin  is an antiderivative.

(b) () =  ⇒  () =  is an antiderivative.

4. (a) () = 1 ⇒ () = ln |  | is an antiderivative.

(b) () = sec2 ⇒ () = tan  is an antiderivative.

5. () = 4+ 7 = 41 + 7 ⇒  () = 4
1+1

1 + 1
+ 7+ = 22 + 7+ 

Check:  0() = 2(2) + 7 + 0 = 4+ 7 = ()

6. () = 2 − 3+ 2 ⇒  () =
3

3
− 3

2

2
+ 2+  = 1

3
3 − 3

2
2 + 2+ 

Check:  0() = 1
3
(32)− 3

2
(2) + 2 + 0 = 2 − 3+ 2 = ()

7. () = 23 − 2
3

2 + 5 ⇒  () = 2
3+1

3 + 1
− 2

3

2+1

2 + 1
+ 5

1+1

1 + 1
= 1

2
4 − 2

9
3 + 5

2
2 + 

Check:  0() = 1
2
(43)− 2

9
(32) + 5

2
(2) + 0 = 23 − 2

3
2 + 5 = ()

8. () = 65 − 84 − 92 ⇒  () = 6
6

6
− 8 

5

5
− 9 

3

3
+  = 6 − 8

5
5 − 33 + 
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12. Find the most general antiderivative of the function. (Check your answer by differentiation.)

h(z) = 3z0.8 + z−2.5

Solution:
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9. () = (12+ 8) = 122 + 8 ⇒  () = 12
3

3
+ 8

2

2
+ = 43 + 42 + 

10. () = (− 5)2 = 2 − 10+ 25 ⇒  () =
3

3
− 10

2

2
+ 25+  = 1

3
3 − 52 + 25+ 

11. () = 4−23 − 253 ⇒ () = 4(313)− 2

3
8
83


+  = 1213 − 3

4
83 +

12. () = 308 + −25 ⇒ () = 3
18

18
+

−15

−15 =
5

3
18 − 2

3
−15 + 

13. () = 3
√
− 2 3

√
 = 312 − 213 ⇒  () = 3


2
3

32

− 2

3
4

43

+ = 232 − 3

2
43 + 

14. () =
√
 (2 −  + 62) = 212 − 32 + 652 ⇒

() = 2
32

32
− 52

52
+ 6

72

72
+ =

4

3
32 − 2

5
52 +

12

7
72 + 

15. () =
2− 4 + 3√√


= 212 − 4−12 + 3 ⇒  () = 2

32

32
− 4 

12

12
+ 3+  =

4

3
32 − 812 + 3+ 

16. () = 4
√
5 +

4
√
 = 4

√
5 + 14 ⇒  () = 4

√
5+

54

54
+  = 4

√
5+

4

5
54 + 

17. () =
2

5
− 3

2
=
2

5


1




− 3−2 has domain (−∞ 0) ∪ (0∞), so  () =


2

5
ln (−) + 3


+ 2 if   0

2

5
ln+

3


+ 1 if   0

See Example 1(b) for a similar problem.

18. () =
52 − 6+ 4

2
,   0 ⇒ () = 5 − 6−1 + 4−2,   0 ⇒

 () = 5− 6 ln+ 4(−−1) +  = 5− 6 ln− 4


+ ,   0

19. () = 7 − 3 ⇒ () = 7 − 3+ 

20. () =
10

6
− 2 + 3 has domain (−∞ 0) ∪ (0∞), so  () =


− 2

5
− 2 + 3+ 1 if   0

− 2

5
− 2 + 3+ 2 if   0

21. () = 2 sin  − 3 sec  tan  ⇒  () = −2 cos  − 3 sec  +  on the interval

 − 

2
  +



2


.

22. () = sec2+  cos ⇒ () = tan+  sin+  on the interval

 − 

2
  +



2


.

23. () =
4

1 + 2
− 5
√
4 = 4


1

1 + 2


− 45 ⇒  () = 4 arctan  − 5

9
95 + 

24. () = 2 cos  − 3√
1− 2

⇒ () = 2 sin  − 3 sin−1  +
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24. Find the most general antiderivative of the function. (Check your answer by differentiation.)

g(v) = 2 cos v − 3√
1− v2

Solution:
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14. () =
34 − 3 + 62

4
= 3− 1


+

6

2
has domain (−∞ 0) ∪ (0∞), so  () =


3− ln ||− 6


+ 1 if   0

3− ln ||− 6


+ 2 if   0

See Example 1(b) for a similar problem.

15. () =
1 + + 2√


= −12 + 12 + 32 ⇒ () = 212 + 2

3
32 + 2

5
52 + 

16. () = sec  tan  − 2 ⇒ () = sec  − 2 +  on the interval

 − 

2
  + 

2


.

17. () = 2 sin  − sec2  ⇒ () = −2 cos  − tan  +  on the interval

 − 

2
  + 

2


.

18. () = 2 cos  − 3√
1− 2

⇒ () = 2 sin  − 3 sin−1  +

19. () = 2 + 4 sinh ⇒  () =
2

ln 2
+ 4 cosh+

20. () = 1 + 2 sin+ 3
√
 = 1 + 2 sin+ 3−12 ⇒  () = − 2 cos+ 3

12

12
+ = − 2 cos+ 6

√
 +

21. () =
24 + 43 − 

3
,   0; () = 2+ 4− −2 ⇒

 () = 2
2

2
+ 4− −2+1

−2 + 1
+  = 2 + 4+

1


+,   0

22. () =
22 + 5

2 + 1
=

2(2 + 1) + 3

2 + 1
= 2 +

3

2 + 1
⇒  () = 2+ 3 tan−1  +

23. () = 54 − 25 ⇒  () = 5 · 
5

5
− 2 · 

6

6
+ = 5 − 1

3
6 + .

 (0) = 4 ⇒ 05 − 1
3
· 06 +  = 4 ⇒  = 4, so  () = 5 − 1

3
6 + 4.

The graph confirms our answer since () = 0 when  has a local maximum,  is

positive when  is increasing, and  is negative when  is decreasing.

24. () = 4− 3

1 + 2

−1
= 4− 3

1 + 2
⇒  () = 4− 3 tan−1 + .

 (1) = 0 ⇒ 4− 3


4


+ = 0 ⇒  = 3

4
− 4, so

 () = 4− 3 tan−1 + 3
4
− 4. Note that  is positive and  is increasing on R.

Also,  has smaller values where the slopes of the tangent lines of  are smaller.

25.  00() = 203 − 122 + 6 ⇒  0() = 20


4

4


− 12


3

3


+ 6


2

2


+  = 54 − 43 + 32 +  ⇒

() = 5


5

5


− 4


4

4


+ 3


3

3


++ = 5 − 4 + 3 + +
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52. If f ′′(t) = 3
√
t− cos t, f(0) = 2, f(1) = 2. Find f .

Solution:
442 ¤ CHAPTER 4 APPLICATIONS OF DIFFERENTIATION

46.  00() = 3
√
− cos  = 13 − cos  ⇒  0() = 3

4
43 − sin  +  ⇒ () = 9

28
73 + cos +  +.

(0) = 0 + 1 + 0 + and (0) = 2 ⇒  = 1, so () = 9
28
73 + cos ++ 1. (1) = 9

28
+ cos 1 + + 1 and

(1) = 2 ⇒  = 2− 9
28
− cos 1− 1 = 19

28
− cos 1, so () = 9

28
73 + cos  +


19
28
− cos 1


 + 1.

47.  00() = −2,   0 ⇒  0() = −1+  ⇒ () = − ln ||+  + = − ln+  + [since   0].

(1) = 0 ⇒  + = 0 and (2) = 0 ⇒ − ln 2 + 2 + = 0 ⇒ − ln 2 + 2 − = 0 [since  = −] ⇒

− ln 2 + = 0 ⇒  = ln 2 and  = − ln 2. So () = − ln+ (ln 2)− ln 2.

48.  000() = cos ⇒  00() = sin + .  00(0) =  and  00(0) = 3 ⇒  = 3.  00() = sin + 3 ⇒

 0() = − cos + 3 + .  0(0) = −1 + and  0(0) = 2 ⇒  = 3.  0() = − cos + 3 + 3 ⇒

() = − sin + 3
2
2 + 3+. (0) =  and (0) = 1 ⇒  = 1. Thus, () = − sin+ 3

2
2 + 3+ 1.

49. “The slope of its tangent line at ( ()) is 3− 4” means that  0() = 3− 4, so () = 3− 22 +.

“The graph of  passes through the point (2 5)” means that (2) = 5, but (2) = 3(2)− 2(2)2 +, so 5 = 6− 8 + ⇒

 = 7. Thus, () = 3− 22 + 7 and (1) = 3− 2 + 7 = 8.

50.  0() = 3 ⇒ () = 1
4
4 + .  +  = 0 ⇒  = − ⇒  = −1. Now  =  0() ⇒ −1 = 3 ⇒

 = −1 ⇒  = 1 (from the equation of the tangent line), so (−1 1) is a point on the graph of  . From  ,

1 = 1
4
(−1)4 +  ⇒  = 3

4
. Therefore, the function is () = 1

4
4 + 3

4
.

51.  is the antiderivative of  . For small ,  is negative, so the graph of its antiderivative must be decreasing. But both  and 

are increasing for small , so only  can be  ’s antiderivative. Also,  is positive where  is increasing, which supports our

conclusion.

52. We know right away that  cannot be  ’s antiderivative, since the slope of  is not zero at the -value where  = 0. Now  is

positive when  is increasing and negative when  is decreasing, so  is the antiderivative of  .

53. The graph of  must start at (0 1). Where the given graph,  = (), has a

local minimum or maximum, the graph of  will have an inflection point.

Where  is negative (positive),  is decreasing (increasing).

Where  changes from negative to positive,  will have a minimum.

Where  changes from positive to negative,  will have a maximum.

Where  is decreasing (increasing),  is concave downward (upward).
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