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What you’ll learn about… 
n  Derivative of ex 
n  Derivative of ax 
n  Derivative of ln x 
n  Derivative of logax 
n  Power Rule for Arbitrary 

Real Powers 

… and why 
The relationship between 

exponential and logarithmic 
functions provides a 

powerful differentiation tool 
called logarithmic 

differentiation. 

EQ: How do we differentiate exponential and logarithmic 
functions? 
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Derivative of ex 

   
If    is a differentiable function of  ,  then

u u

u x
d du
e e

dx dx
=
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Example Derivative of ex 

3

Find   if  xdy
y e

dx
=

( )

3

3

3

2

  where 

3

x

u

x

y e u x
dy du

e
dx dx

e x

= =

=

=

€ 

= 3x 2ex
3

EQ: How do we differentiate exponential and  
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Derivative of ax 

  

( )

If   is a differentiable function of and for 0  and 1,

lnu u

u x a a
d du
a a a

dx dx

> ≠

=
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Example Derivative of ax 

3

Find   if  xdy
y e

dx
=

    

€ 

Find dy
dx

 if  y= 3x4

    

€ 

 y = 3x4

 where a = 3,  u = x 4

dy
dx

= 3u ln 3 du
dx

     = 3x4

ln 3 4x 3( ) = 3x4

4x 3( ) ln 3

EQ: How do we differentiate exponential and  
         logarithmic functions? p. 173 

Copyright © 2007 Pearson Education, Inc. Publishing as Pearson Prentice Hall Slide 3- 13 

Derivative of ln x 

   
If   is a differentiable function of and 0,

1
ln

u x u
d du

u
dx u dx

>

=

EQ: How do we differentiate exponential and  
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Example Derivative of ln x 

( )2Find    if  ln 3dy
y x

dx
=

( )

( )

( )

2 2

2
2

2

2

ln 3   where  3

1 3
3
1 6

3
6 2
3

y x u x

d
y x

dxx

x
x
x

xx

= =

!=

=

= =

EQ: How do we differentiate exponential and  
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Derivative of logax 

  
If   is a differentiable function of and 0,

1
log

lna

u x u
d du

u
dx u a dx

>

=

EQ: How do we differentiate exponential and  
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Example Derivative of loga x 

    

€ 

Find 
dy
dx

 if y= log 4 2x 5( )

    

€ 

 y = log 4 2x 5( ) where a = 4, u = 2x 5

" y =
1

2x 5 ln 4

d
dx

2x 5( )
   =

1

2x 5 ln 4
10x 4( )

   =
10x 4

2x 5 ln 4
=

5
x ln 4

EQ: How do we differentiate exponential and  
         logarithmic functions? p. 175 
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Rule 10   Power Rule For Arbitrary Real 
Powers 

  
If u is a positive differentiable function of x and n is any real  
number, then un is a differentiable function of x, and  

€ 

d
dx
un = nun−1 du

dx

EQ: How do we differentiate exponential and  
         logarithmic functions? p. 176 
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Example Power Rule For Arbitrary Real 
Powers 

  
( )

3 4If  5 ,   find 
.

dy
y x

dx
=

( )( )( )

( )( )

3

3

4 13

4 13

Using the Power Rule 

4 5 5

5 4 5

dy
x

dx

x

−

−

=

=

Using the Power Rule and Chain Rule: 

EQ: How do we differentiate exponential and  
         logarithmic functions? p. 176 
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Assignment Day 1: Page 183 #1 – 31 odds 

EQ: How do we differentiate exponential and  
         logarithmic functions? 
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Logarithmic Differentiation 

Sometimes the properties of logarithms can be used to simplify 
the differentiation process, even if logarithms themselves must be 
introduced as a step in the process.   

The process of introducing logarithms before differentiating is 
called logarithmic differentiation. 
 

EQ: How do we differentiate exponential and  
         logarithmic functions? p. 177 
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Example Logarithmic Differentiation 
  cosFind    for xdy

y x
dx

=

( )

( ) ( )( )( )

( )( ) ( )

( )( )

( )( )

cos

cos
Logs of both sides

Property of logs

Differentiate Implicitly

Product Rule

cos

ln ln

ln cos ln

ln cos ln

1 1
sin ln cos

cos
sin ln

cos
sin ln

x

x

x

y x

y x

y x x

d d
y x x

dx

x

dx
dy

x x x
y dx x

dy x
y x x

dx x
dy x

x x
sx x

=

=

=

=

! "= − + $ %
& '

( )= − +* +, -

( )= − +* +, -
Substitute for y

    

€ 

y = x cosx

    

€ 

ln y = ln x cosx

    

€ 

ln y = cos x( ) ln x

    

€ 

d
dx

ln y( )  =   
d
dx

cos x( ) ln x( )

    

€ 

1
y

dy
dx

   =    −sin x( ) ln x( ) + cos x( ) 1
x

# 

$ 
% 
& 

' 
( 

    

€ 

dy
dx

  =   y −sin x( ) ln x( ) +
cos x

x

# 

$ 
% 

& 

' 
( 

dx 

EQ: How do we differentiate exponential and  
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Example Logarithmic Differentiation 
  Find  dy

dx
  for y= xsin x

y = xsin x

ln y = ln xsin x

ln y = sin x( ) ln x

d
dx

ln y( )   =   d
dx

sin x( ) ln x( )
1
y
dy
dx

   =   cos x( ) ln x( )+ sin x( ) 1
x
!

"
#
$

%
&

dy
dx

  =   y cos x( ) ln x( )+ sin x( ) 1
x
!

"
#
$

%
&

'

(
)

*

+
,
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  =   xsin x cos x( ) ln x( )+ sin x( ) 1
x
!

"
#
$

%
&

'

(
)

*

+
,
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Example Logarithmic Differentiation 
  Find  dy

dx
  for y= x4−x2

ln y = 4− x2( ) ln x

1
y
dy
dx

   =   −2x( ) ln x( )+ 4− x2( ) 1
x
"

#
$
%

&
'

dy
dx

  =   y −2x( ) ln x( )+ 4− x2( ) 1
x
"

#
$
%

&
'

(

)
*

+

,
-
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dy
dx

  =   x4−x2

−2x( ) ln x( )+ 4− x2( ) 1
x
"

#
$
%

&
'

(

)
*

+

,
-
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Example Logarithmic Differentiation 
  Find  dy

dx
  for y= tan x( )

x

ln y = x ln tan x( )

1
y
dy
dx

   = x( ) 1
tan x
!

"
#

$

%
& sec2 x( )+ 1( ) ln tan x( )( )

dy
dx

  =   y x( ) 1
tan x
!

"
#

$

%
& sec2 x( )+ 1( ) ln tan x( )( )

'

(
)

*

+
,
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dy
dx

= tan x( )x x( ) 1
tan x
!

"
#

$

%
& sec2 x( )+ 1( ) ln tan x( )( )

'

(
)

*

+
,
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Assignment (Regular Calculus): 
 
Page 184 #43, 44, 47, 48 
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Example Logarithmic Differentiation 
  Find  dy

dx
  for y=

x − 2( )
2

x2 +1
ln y = 2 ln x − 2( )− 1

2
ln x2 +1( )

1
y
dy
dx

   =   2
x − 2

−
1
2

2x
x2 +1
"

#
$

%

&
'

dy
dx

  =   y  2
x − 2

−
1
2

2x
x2 +1
"

#
$

%

&
'

(

)
*

+

,
-=

x − 2( )2

x2 +1
 2
x − 2

−
1
2

2x
x2 +1
"

#
$

%

&
'

(

)
*

+

,
-

EQ: How do we differentiate exponential and  
         logarithmic functions? 

dy
dx

=
2 x − 2( )
x2 +1

−
x x − 2( )2

x2 +1( )
3/2 =

2 x − 2( ) x2 +1( )− x x − 2( )2

x2 +1( )
3/2 =

x − 2( ) x2 + 2x + 2( )
x2 +1( )

3/2
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Example Logarithmic Differentiation 
  Find  dy

dx
  for y=

x+1( ) x+ 2( )
x −1( ) x − 2( )

ln y = ln x +1( )+ ln x + 2( )− ln x −1( )− ln x − 2( )

1
y
dy
dx

   =  1
x +1

+
1

x + 2
−

1
x −1

−
1

x − 2

dy
dx

  =   y 1
x +1

+
1

x + 2
−

1
x −1

−
1

x − 2
"

#$
%

&'
=

x +1( ) x + 2( )
x −1( ) x − 2( )

1
x +1

+
1

x + 2
−

1
x −1

−
1

x − 2
"

#$
%

&'
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