
 

Lecture 4 (Differentiation Rules) 

Recall: 
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What is the derivative of a constant? I.e. let  ( )    for all x. 

 

 

 

 

 

 

 

 

 



 

Thus, 

 

 

 

 

 

What about  ( )   ? 
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We can show that 

 

 

 

 

What if  ( )    ? 
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In general, if     , then  

 

 

 

 

Proof: 
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Example: Given  ( )    , find     ( ). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

General Power Rule: If     (any real number), then  

 

 

 

 

Example: Find derivative of  ( )  
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Basic Rules of Differentiation: 

 

 Constant multiple rule: 

  

 

 

Proof: 

 

 

 

 

 

 

 

 

 

 

[  ( )]     ( ) 



 

 Sum/difference rule: 

  

 

Proof: 

 

 

 

 

 

 

 

 

 

[ ( )   ( )]    ( )    ( ) 



 

Example: Given  ( )      
 

    . Find   ( ). 

 

 

 

 

 

 

 

 

 

 

 



 

Example: Given  ( )             , find  ( )( ). 

 

 

 

 

 

 

 

 

 

 

 

 



 

Now consider exponential function  ( )    . What is   ( )? 

 

 

 

 

 

 

 

 

 

 

 

 



 

  ( )    ( )   

Consider two cases:     and    . 
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0.1 0.7177 1.1612 

0.01 0.6956 1.1047 

0.001 0.6934 1.0992 

0.0001 0.6932 1.0987 

 

 

 

 

 



 

Definition of Number e:   

 

e is the number such that   

   
   

    

 
   

 

 

Thus,  
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Example: Find the tangent line to          at (0, 1). 

  

 

 

 

 

 

 

 

 

 

 

 



 

Example:  ( )     ( )    . Does [ ( ) ( )]    ( )  ( )? 

 

 

 

 

 

 

 

 

 

 

 

 



 

 Product rule: 

 

 

Proof:  

 

 

 

 

 

 

 

 

 

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

 



 

Example: Given  ( )     , find  ( )( ) 

 

 

 

 

 

 

 

 

 

 

 

 



 

 Quotient rule: (
 ( )

 ( )
)
 
 

  ( ) ( )  ( )  ( )

[ ( )] 
 

Proof: 

 

 

 

 

 

 

 

 

 

 



 

Example: Let   
    

√ 
, find 
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Example: Find the derivative of  ( )  
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Example: If   ( )    and   ( )    , find 
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)     . 

 

 

 

 

 

 

 

 

 

 

 



 

Differentiating Trigonometric Functions 

 

Let's consider  ( )       

 

 

 

What does the graph of its derivative look like? 

 



 

The graph of   ( )       looks like     . 

 

 

Let's try to prove that! 

 

Before we do that, we shall need the following limits: 
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Fact 1:          
    

 
   

Proof: 

 

 

 

 

 

 

 

 

 

 



 

Fact 2:          
      

 
   

Proof: 

 

 

 

 

 

 

 

 

 

 



 

Claim:   (    )        

Proof: 

 

 

 

 

 

 

 

 

 

 

 



 

Similarly, we can show that 

(    )        

 

What about  ( )      ? 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

Example: Differentiate  ( )  
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Derivative of Trigonometric Function 

 

(    )                              (    )        

(    )                             (    )         

(    )                         (    )            

 

 



 

Example: Find      derivative of     .  

 

 

 

 

 

 

 

 

 

 

 

 



 

Example: Find       
     

     
 

 

 

 

 

 

 

 

 

 

 


