LESSON 3  DERIVATIVES AND INTEGRALS INVOLVING THE
NATURAL AND GENERAL LOGARITHMIC FUNCTIONS

Definition  The logarithmic function with base b is the function defined by 
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Recall the following information about logarithmic functions:
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The domain of 
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3.
The logarithmic function 
[image: image12.wmf]x

x

f

b

log

)

(

=

 and the exponential function 
[image: image13.wmf]x

b

x

g

=

)

(

 are inverses of one another.  We studied the calculus of exponential functions in Lesson 2.

Definition  The natural logarithmic function is the logarithmic function whose base is the irrational number e.  Thus, the natural logarithmic function is the function defined by 
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Definition  The common logarithmic function is the logarithmic function whose base is the number 10.  Thus, the common logarithmic function is the function defined by 
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Recall the following properties of logarithms:
1.
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Change of Bases Formula:  
[image: image30.wmf]b

u

u

a

a

b

log

log

log

=


Theorem  If 
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Proof  Note that the domain of  the function  f  is the set of real numbers  x such that 
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Theorem  If 
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Proof  Use the Chain Rule and the fact that 
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Proof  Using the change of bases formula for logarithms, we have that 
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Proof  Use the Chain Rule and the fact that 
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Examples  Find the domain of the following function.  Then differentiate them.
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We are taking the natural logarithm of the expression 
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We are taking the logarithm base 2 of the expression  x.  In order for the logarithm to be defined, we need the expression  x to be positive.  Thus, the domain of the function  g  is the set of positive real numbers.
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NOTE:  The set of positive real numbers is also the domain of the function 
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We are taking the natural logarithm of the expression 
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Thus, the domain of the function  s  is the set of real numbers  given by 
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NOTE:  The set of real numbers given by 
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NOTE:  If you wanted to find the sign of the function 
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We are taking the natural logarithm of the expression 
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NOTE:  If you wanted to find the sign of the function 
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We are taking the logarithm base 3 of the expression 
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We are taking the logarithm base 
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We are taking the natural logarithm of the expression 
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We are taking the natural logarithm of the expression 
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NOTE:  We would do the following calculation in order to find 
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NOTE:  This calculation could not have been done for the function  h  in Example 7 above because 
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We are taking the logarithm base 
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Examples  Use logarithmic differentiation in order to differentiate the following functions.
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NOTE:  This answer would not allow us to find the sign of 
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Examples  Determine the interval(s) on which the following functions are  increasing and decreasing, the interval(s) on which they are concave upward and concave downward.  Also, find their local maximum(s), local minimum(s), and inflection point(s).
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The function  f  is concave upward on the interval 
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The function  f  has no inflection point.
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Local Maximum:  None
Local Minimum:  
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Inflection Point:  None
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Examples  Evaluate the following integrals.
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