
1–9 ■ Differentiate f and find the domain of .

1. 2.

3. 4.

5. 6.

7. 8.

9.

■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■

10–37 ■ Differentiate the function.

10. 11.

12. 13.

14. 15.

16. 17.

18. 19.

20. 21.

22. 23.

24. 25.

26. 27.

28. 29.

30. 31.

32. 33.

34. 35.

36. 37.

■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■

38. If , find .

39. If , find .f ��1�f �x� � x 2 ln x

f ��e�f �x� �
x

ln x

y � x x x
y � cos(x sx )

y � �sin x�cos xy � x 1� ln x

y � ln(e 2x � se 4x � 1)h��� � 10 sec �

y � tan�ln�ax � b��y � ln� x � 1

x � 1�
3�5

k�r� � r sin r ln rt�t� � sin�ln t�

t�x� � 1.6 x � x 1.6f �t� � � �t

G�x� � 5 tan xy � ln � tan 2x �

y � ln(xs1 � x 2 sin x)y �
ln x

1 � x 2

y � �ln sin x�3
t�u� �

1 � ln u

1 � ln u

f �t� � log2 �t 4 � t 2 � 1�G�x� � sln x

y � ln � x 3 � x 2 �y � �ln tan x�2

y �
ln x

1 � x
h�y� � ln�y 3 sin y�

F�x� � e x ln xG�x� � s
3 ln x

F�x� � ln sxf �x� � ln�2 � x�

f �x� � ln ln ln x

f �x� � x 2 ln�1 � x 2 �f �x� �
1

1 � ln x

f �x� � ln(sx � sx � 1)f �x� � ln�2 � x � x 2�

f �x� � s3 � 2 xf �x� � log3 �x 2 � 4�

f �x� � cos�ln x�f �x� � ln�x � 1�

f 40–44 ■ Find an equation of the tangent line to the curve at the
given point.

40. , 41. ,

42. , 43. ,

44. ,

■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■

45–60 ■ Differentiate the function.

45. 46.

47. 48.

49. 50.

51. 52.

53. 54.

55. 56.

57. 58.

59. 60.

■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■

61–62 ■ Find an equation of the tangent line to the curve at the
given point.

61. , 62. ,
■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■

63. Find if .

64. Find an equation of the tangent line to the curve 
at the point .

65. Show that the function satisfies the differential
equation .

66. For what values of does the function satisfy the 
equation ?y� � 5y� � 6y � 0

y � e rxr

y� � y� � 6y � 0
y � e 2x � e�3x

�0, 2�
2e xy � x � y

cos�x � y� � xe xy�

��, 0�y � e�x sin x�1, 1�e�y � x 2e�x

y � sec(e tan x 2)y � x e

y � s
3 2x � e3xy � tan�e3x�2�

y � e x�e x
y � e�1�x

y �
e�x2

x
y � xe2x

f �x� � xe�x2
y �

e 3x

1 � e x

y � e x cos xh��� � e sin 5�

h�t� � s1 � e tf �x� � esx

t�x� � e�5x cos 3xy � e�mx

�1, 2�y � �x � 1�x

�0, ln 2�y � ln�1 � e x��1, ln 2�y � ln�x 2 � 1�

�1, 10�y � 10 x�e, 0�y � ln ln x
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2 ■ SECTION 3.3 DERIVATIVES OF LOGARITHMIC AND EXPONENTIAL FUNCTIONS

C l i c k  h e r e  f o r  s o l u t i o n s .SC l i c k  h e r e  f o r  e x e r c i s e s .E

ANSWERS3.3

1. f ′ (x) = 1/ (x+ 1), (−1,∞)

2. f ′ (x) = − sin (lnx)

x
, (0,∞)

3. f ′ (x) =
2x

(x2 − 4) ln 3
, (−∞,−2) ∪ (2,∞)

4. f ′ (x) = − ln 2
2x−1

√
3− 2x

, (−∞, log2 3]

5. f ′ (x) =
−1− 2x

2− x− x2
, (−2, 1)

6. f ′ (x) = − 1

2
√
x
√
x− 1

, [1,∞)

7. f ′ (x) = − 1

x (1 + lnx)2
, (0, 1/e) ∪ (1/e,∞)

8. f ′ (x) = 2x ln
(
1− x2

)− 2x3

1− x2
, (−1, 1)

9. f ′ (x) =
1

ln lnx
· 1

lnx
· 1
x
, (e,∞)

10. f ′ (x) =
1

x− 2

11. F ′ (x) =
1

2x

12. G′ (x) =
1

3x (lnx)2/3

13. F ′ (x) = ex
(
lnx+

1

x

)

14. h′ (y) =
3

y
+ cot y

15. y′ =
1 + x− x lnx

x (1 + x)2

16. y′ =
2 (ln tanx) sec2 x

tanx

17. y′ =
3x− 2

x (x 1)

18. G′ (x) =
1

2x
√
lnx

19. f ′ (t) =
4t3 − 2t

(t4 − t2 + 1) ln 2

20. g′ (u) = − 2

u (1 + lnu)2

21. y′ = 3 (ln sinx)2 cotx

22. y′ =
1 + x2 − 2x2 lnx

x (1 + x2)2

23. y′ =
1

x
− x

1− x2
+ cotx

24. y′ =
2 sec2 2x

tan 2x

25. G′ (x) = 5tanx (ln 5) sec2 x

26. f ′ (t) = −π−t lnπ

27. g′ (x) = 1.6x ln (1.6) + 1.6x0.6

28. g′ (t) =
cos (ln t)

t

29. k′ (r) = sin r ln r + r cos r ln r + sin r

30. y′ = − 6

5 (x2 − 1)

31. y′ = sec2 (ln (ax+ b))
a

ax+ b

32. h′ (θ) = 10sec θ (ln 10) sec θ tan θ

33. y′ =
2e2x√
e4x + 1

34. y′ = 0

35. y′ = (sinx)cos x (− sinx ln sinx+ cosx cotx)

36. y′ = − sin
(
x
√
x
)
x
√
x

(
lnx+ 2

2
√
x

)

37. y′ = xxx [
xx (lnx+ 1) lnx+ xx−1

]
38. 0

39. 1

40. y =
1

e
(x− e)

41. y = 10 [(x− 1) ln 10 + 1]

42. y = x+ ln 2− 1

43. y = 1
2
x+ ln 2

44. y = (1 + 2 ln 2)x+ 1− 2 ln 2

′ = −me−mx

g′ (x) = −5e−5x cos 3x− 3e−5x sin 3x

f ′ (x) = e
√
x /(2

√
x)

h′ (t) = −et
/(

2
√
1− et

)
h′ (θ) = 5 cos (5θ) esin 5θ

y′ = ex cos x (cosx− x sinx)

y′ =
3e3x + 2e4x

(1 + ex)2

45. y

46.

47.

48.

49.

50.

51.
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SECTION 3.3 DERIVATIVES OF LOGARITHMIC AND EXPONENTIAL FUNCTIONS ■ 3

f ′ (x) = e−x2 (
1− 2x2

) ′ = e2x (1 + 2x)

y′ =
e−x2 (−2x2 − 1

)
x2

′ = e−1/x
/
x2

y′ = ex+ex (1 + ex)

y′ = 3e3x−2 sec2
(
e3x−2

)
y′ = 1

3

(
2 + 3e3x

) (
2x+ e3x

)−2/3

y′ = exe−1

y′ = 2xetanx2

sec2
(
x2

)
sec

(
etanx2

)
tan

(
etanx2

)

y = x/e

y = −e−πx+ πe−π

1 +
ex (1 + x)

sin (x− y)

y = 3x+ 2

1, −6

52. 53. y

54. 55. y

56.

57.

58.

59.

60.

61.

62.

63.

64.

66.
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4 ■ SECTION 3.3 DERIVATIVES OF LOGARITHMIC AND EXPONENTIAL FUNCTIONS

C l i c k  h e r e  f o r  e x e r c i s e s .E

SOLUTIONS3.3

1. f (x) = ln (x+ 1) ⇒ f ′ (x) = 1/ (x+ 1),

Dom(f) = {x | x+ 1 > 0} = {x | x > −1} = (−1,∞)

2. f (x) = cos (lnx) ⇒ f ′ (x) = − sin (lnx)

x
,

Dom(f) = (0,∞)

3. f (x) = log3
(
x2 − 4

) ⇒ f ′ (x) =
2x

(x2 − 4) ln 3

Dom(f) =
{
x | x2 − 4 > 0

}
= {x | |x| > 2} = (−∞,−2) ∪ (2,∞)

4. f (x) =
√
3− 2x ⇒

f ′ (x) =
1

2
√
3− 2x

(−2x ln 2) = − ln 2
2x−1

√
3− 2x

Dom(f) = {x | 2x ≤ 3} = {x | x ≤ log2 3} =

(−∞, log2 3]

5. f (x) = ln
(
2− x− x2

) ⇒ f ′ (x) =
−1− 2x

2− x− x2

Dom(f) =
{
x | 2− x− x2 > 0

}
= {x | (2 + x) (1− x) > 0}
= {x | −2 < x < 1} = (−2, 1)

6. f (x) = ln
(√

x−√
x− 1

) ⇒

f ′ (x) =
1√

x−√
x− 1

(
1

2
√
x
− 1

2
√
x− 1

)

=
1√

x−√
x− 1

√
x− 1−√

x

2
√
x
√
x− 1

= − 1

2
√
x
√
x− 1

Dom(f) = {x | x ≥ 1} = [1,∞)

7. f (x) =
1

1 + lnx
⇒

f ′ (x) = − 1/x

(1 + lnx)2
(Reciprocal Rule)

= − 1

x (1 + lnx)2

Dom(f) = {x | x > 0 and lnx �= −1}
= {x | x > 0 and x �= 1/e}
= (0, 1/e) ∪ (1/e,∞)

8. f (x) = x2 ln
(
1− x2

) ⇒

f ′ (x) = 2x ln
(
1− x2) + x2 (−2x)

1− x2

= 2x ln
(
1− x2) − 2x3

1− x2

Dom(f) =
{
x | 1− x2 > 0

}
= {x | |x| < 1} = (−1, 1)

9. f (x) = ln ln lnx ⇒ f ′ (x) =
1

ln lnx
· 1

lnx
· 1
x
.

Dom(f) = {x | ln lnx > 0} = {x | lnx > 1}
= {x | x > e} = (e,∞)

10. f (x) = ln (2− x) ⇒
f ′ (x) =

1

2− x

d

dx
(2− x) =

−1

2− x
=

1

x− 2

11. F (x) = ln
√
x = lnx1/2 = 1

2
lnx ⇒

F ′ (x) =
1

2

(
1

x

)
=

1

2x

12. G (x) = 3
√
lnx = (lnx)1/3 ⇒

G′ (x) = 1
3
(lnx)−2/3 · 1

x
=

1

3x (lnx)2/3

13. F (x) = ex lnx ⇒
F ′ (x) = ex lnx+ ex

(
1

x

)
= ex

(
lnx+

1

x

)

14. h (y) = ln
(
y3 sin y

)
= 3 ln y + ln (sin y) ⇒

h′ (y) =
3

y
+

1

sin y
(cos y) =

3

y
+ cot y

15. y =
lnx

1 + x
⇒

y′ =
(1 + x) (1/x)− (lnx) (1)

(1 + x)2
=

1 + x

x
− x lnx

x
(1 + x)2

=
1 + x− x lnx

x (1 + x)2

16. y = (ln tanx)2 ⇒

y′ = 2 (ln tanx) · 1

tanx
· sec2 x =

2 (ln tanx) sec2 x

tanx
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SECTION 3.3 DERIVATIVES OF LOGARITHMIC AND EXPONENTIAL FUNCTIONS ■ 5

17. y = ln
∣∣x3 − x2

∣∣ ⇒

y′ =
1

x3 − x2

(
3x2 − 2x

)
=

x (3x− 2)

x2 (x− 1)
=

3x− 2

x (x− 1)

18. G (x) =
√
lnx ⇒ G′ (x) =

1

2
√
lnx

(
1

x

)
=

1

2x
√
lnx

19. f (t) = log2
(
t4 − t2 + 1

) ⇒

f ′ (t) =
4t3 − 2t

(t4 − t2 + 1) ln 2

20. g (u) =
1− lnu

1 + lnu
⇒

g′ (u) =
(1 + lnu) (−1/u)− (1− lnu) (1/u)

(1 + lnu)2

= − 2

u (1 + lnu)2

21. y = (ln sinx)3 ⇒
y′ = 3 (ln sinx)2

cosx

sinx
= 3 (ln sinx)2 cotx

22. y =
lnx

1 + x2
⇒

y′ =

(
1 + x2

)
(1/x)− 2x lnx

(1 + x2)2
=

1 + x2 − 2x2 lnx

x (1 + x2)2

23. y = ln
(
x
√
1− x2 sinx

)
= lnx+ 1

2
ln

(
1− x2

)
+ ln sinx

⇒ y′ =
1

x
+

1

2

( −2x

1− x2

)
+

cosx

sinx
=

1

x
− x

1− x2
+cotx

24. y = ln |tan 2x| ⇒ y′ =
2 sec2 2x

tan 2x

25. G (x) = 5tanx ⇒ G′ (x) = 5tanx (ln 5) sec2 x

26. f (t) = π−t ⇒ f ′ (t) = π−t (lnπ) (−1) = −π−t lnπ

27. g (x) = 1.6x + x1.6 ⇒ g′ (x) = 1.6x ln (1.6) + 1.6x0.6

28. g (t) = sin (ln t) ⇒ g′ (t) =
cos (ln t)

t

29. k (r) = r sin r ln r ⇒
k′ (r) = sin r ln r + r cos r ln r + sin r

30. y = ln

(
x+ 1

x− 1

)3/5

= 3
5
[ln (x+ 1)− ln (x− 1)] ⇒

y′ =
3

5

(
1

x+ 1
− 1

x− 1

)
= − 6

5 (x2 − 1)

31. y = tan (ln (ax+ b)) ⇒
y′ = sec2 (ln (ax+ b))

a

ax+ b

32. h (θ) = 10sec θ ⇒ h′ (θ) = 10sec θ (ln 10) sec θ tan θ

33. y = ln
(
e2x +

√
e4x + 1

) ⇒

y′ =
2e2x + 2e4x

/√
e4x + 1

e2x +
√
e4x + 1

=
2e2x√
e4x + 1

34. y = x1/ lnx ⇒ ln y =

(
1

lnx

)
lnx = 1 ⇒ y = e

⇒ y′ = 0

35. y = (sinx)cosx ⇒ ln y = cosx ln (sinx) ⇒
y′

y
= − sinx ln sinx+ cosx

( cosx
sinx

)
⇒

y′ = (sinx)cos x (− sinx ln sinx+ cosx cotx)

36. y = cos
(
x
√
x
)

⇒ y′ = − sin
(
x
√
x
)
x
√
x

(
lnx+ 2

2
√
x

)

37. y = xxx ⇒ ln y = xx lnx ⇒
y′

y
= xx (lnx+ 1) lnx+ xx

(
1

x

) [
since

z = xx ⇒ ln z = x lnx ⇒
z′

z
= lnx+ x

(
1

x

)
⇒ z′ = xx (lnx+ 1)

]
⇒

y′ = xxx [
xx (lnx+ 1) lnx+ xx−1

]

38. f (x) =
x

lnx
⇒ f ′ (x) =

lnx− x (1/x)

(lnx)2
=

lnx− 1

(lnx)2

⇒ f ′ (e) =
1− 1

12
= 0

39. f (x) = x2 lnx ⇒
f ′ (x) = 2x lnx+ x2

(
1
x

)
= 2x lnx+ x ⇒

f ′ (1) = 2 ln 1 + 1 = 1

40. y = f (x) = ln lnx ⇒ f ′ (x) =
1

lnx

(
1

x

)
⇒

f ′ (e) =
1

e
, so an equation of the tangent at (e, 0) is

y =
1

e
(x− e).

41. f (x) = 10x ⇒ f ′ (x) = 10x ln 10, so the slope of the

tangent at (1, 10) is f ′ (1) = 10 ln 10 and an equation is

y − 10 = 10 ln 10 (x− 1) or y = 10 [(x− 1) ln 10 + 1].

42. y = f (x) = ln
(
x2 + 1

) ⇒
f ′ (x) =

1

x2 + 1
· 2x =

2x

x2 + 1
⇒ f ′ (1) = 1, so

an equation of the tangent line at (1, ln 2) is

y − ln 2 = 1 (x− 1), or y = x+ ln 2− 1.

43. y = f (x) = ln (1 + ex) ⇒ f ′ (x) =
ex

1 + ex
⇒

f ′ (0) =
1

1 + 1
=

1

2
and so an equation of the tangent line at

(0, ln 2) is y − ln 2 = 1
2
x or y = 1

2
x+ ln 2.

44. y = (x+ 1)x ⇒ ln y = x ln (x+ 1)

⇒ y′

y
= ln (x+ 1) +

x

x+ 1
⇒

y′ = (x+ 1)x
[
ln (x+ 1) +

x

x+ 1

]
, so the slope of the

tangent at (1, 2) is f ′ (1) = 2
(
ln 2 + 1

2

)
= 1+ 2 ln 2 and an

equation is y − 2 = (1 + 2 ln 2) (x− 1) or

y = (1 + 2 ln 2)x+ 1− 2 ln 2.

by Example 11
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6 ■ SECTION 3.3 DERIVATIVES OF LOGARITHMIC AND EXPONENTIAL FUNCTIONS

y = e−mx ⇒
y′ = e−mx d

dx
(−mx) = e−mx (−m) = −me−mx

g (x) = e−5x cos 3x ⇒
g′ (x) = −5e−5x cos 3x− 3e−5x sin 3x

f (x) = e
√
x ⇒ f ′ (x) = e

√
x /(2

√
x)

h (t) =
√
1− et ⇒ h′ (t) = −et

/(
2
√
1− et

)

h (θ) = esin 5θ ⇒ h′ (θ) = 5 cos (5θ) esin 5θ

y = ex cos x ⇒ y′ = ex cos x (cosx− x sinx)

y =
e3x

1 + ex
⇒

y′ =
3e3x (1 + ex)− e3x (ex)

(1 + ex)2

=
3e3x + 3e4x − e4x

(1 + ex)2
=

3e3x + 2e4x

(1 + ex)2

f (x) = xe−x2 ⇒
f ′ (x) = e−x2

+ xe−x2

(−2x) = e−x2 (
1− 2x2

)

y = xe2x ⇒ y′ = e2x + xe2x (2) = e2x (1 + 2x)

y =
e−x2

x
⇒

y′ =
xe−x2

(−2x)− e−x2

x2
=

e−x2 (−2x2 − 1
)

x2

y = e−1/x ⇒ y′ = e−1/x
/
x2

y = ex+ex ⇒ y′ = ex+ex (1 + ex)

y = tan
(
e3x−2

) ⇒ y′ = 3e3x−2 sec2
(
e3x−2

)

y =
(
2x+ e3x

)1/3 ⇒
y′ = 1

3

(
2 + 3e3x

) (
2x+ e3x

)−2/3

y = xe ⇒ y′ = exe−1

y = sec
(
etanx2

)
⇒

y′ = sec
(
etanx2

)
tan

(
etanx2

) (
etanx2

) [
sec2

(
x2)] (2x)

= 2xetanx2

sec2
(
x2) sec(etanx2

)
tan

(
etanx2

)

y′ = 2xe−x − x2e−x. At (1, 1/e),

y′ = 2e−1 − e−1 = 1/e. So an equation of the tangent line

is y − 1

e
=

1

e
(x− 1) ⇒ y =

x

e
.

y = f (x) = e−x sinx ⇒
f ′ (x) = −e−x sinx + e−x cosx ⇒
f ′ (π) = e−π (cosπ − sinπ) = −e−π , so an equation of the

tangent line at (π, 0) is y − 0 = −e−π (x− π), or

y = −e−πx+ πe−π , or x+ eπy = π.

cos (x− y) = xex ⇒
− sin (x− y) (1− y′) = ex + xex ⇒
y′ = 1 +

ex (1 + x)

sin (x− y)

Using implicit differentiation, 2exy = x + y

⇒ (y + xy′) 2exy = 1 + y′ ⇒
y′ (2xexy − 1) = 1 − 2yexy ⇒
y′ = (1− 2yexy) / (2xexy − 1). So at (0, 2),m = y′ = 3,

and an equation of the tangent line is y − 2 = 3 (x− 0) ⇒
y = 3x+ 2.

y = e2x + e−3x ⇒ y′ = 2e2x − 3e−3x ⇒
y′′ = 4e2x + 9e−3x, so

y′′ + y′ − 6y =
(
4e2x + 9e−3x)+ (

2e2x − 3e−3x)
− 6

(
e2x + e−3x)

= 0

y = erx ⇒ y′ = rerx ⇒ y′′ = r2erx, so

y′′ + 5y′ − 6y = r2erx + 5rerx − 6erx =

erx
(
r2 + 5r − 6

)
= erx (r + 6) (r − 1) = 0 ⇒

(r + 6) (r − 1) = 0 ⇒ r = 1 or −6.
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