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Derivatives Logarithmic and Exponential Functions 

Def. 

The natural Logarithm of    is denoted by     and is defined by the 

integral. 

    ∫
 

 

 

 

                   

 

Theorem:- 

For any positive numbers    and    and any Rational number  :- 

a)                  

b)   
 

 
      

c)   
 

 
         

d)           

Theorem:- 

1- The domain of      is (    ). 

2-    
    

                 
    

       

3- The rang of     is (     ). 

Derivatives Logarithmic:- 

 

  
[   ]  

 

 
            

 

  
[   ]  

 

 
   

  

  
      wherein   is a differentiable function of    

 

 

Rational no. is  a number which can be expressed in the 

form
𝑝

𝑞
  wherein 𝑞 ≠   and both 𝑝      𝑞  are integers. 
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Ex.  

Find 
 

  
[        ] 

Sol. 

 

  
[        ]  

 

    
   

 

  
       

 

    
       

  

    
  

Ex.  

Find 
 

  
[   

      

√   
 ] 

Sol. 

 

  
[   

      

√   
 ]  

 

  
[             √     

 
 

  
[            

 

 
       ]  

 
 

  
[            

 

 
       ]  

 

 
 

    

    
 

 

      
 

 
 

 
      

 

      
  

Def. 

The Inverse of the  natural logarithm function     is denoted by    

    and is called the natural exponential function. 

Theorem:- 

The natural exponential function    is differentiable on (     ) 

and it has derivative :- 

 

  
[  ]     

 



 

و. صانح محمد حسين             2انمستوى   انتفاضم وانتكامم        ساسية / حديثة  كهية انتربية الأ  
Collage of Basic Education/Haditha                    Calculus - Level 2nd             

(2020-2021) 

33 
 

 

Note:- 

If   is a differentiable function of    ,then 

 

  
[  ]    

  

  
 

Ex. Find 

1) 
 

  
[   

]     
   

 

  
           

 

2) 
 

  
[     ]          

 

  
                  

Theorem:- 

      
    

                         
    

       

      
    

                        
    

        

 

Notes:- 

                         
 

 
                   

                                                                

Ex. 

Solve the equation                  

Sol. 

we take the natural logarithm of both sides of the equation and use 

the rule          
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Theorem:- 

L'Hôpital's rule for form 
 

 
 (قاعدة نوبيتال) 

Suppose that         are differentiable function on an open interval 

containing     , except possibly at     and that 

   
   

                    
   

          

If     
   

     

     
  has a finite limit or if this limit is           then 

    
   

    

    
    

   

     

     
 

Moreover, this statement is also true in the case of a limit as 

                                 . 

Ex. 

   
   

      

      

    
   

    

    
             by L'Hôpital's rule  

 
 

 
    

 

 

 

  𝑎𝑟  𝑟   𝑎 
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Ex. 

   
   

      

    

    
   

      

                (still  
 

 
  ) 

    
   

    

  
                  (still  

 

 
  ) 

    
   

    

 
 

 

 
  

Theorem:- 

L'Hôpital's rule for form 
 

 
 (قاعدة نوبيتال) 

Suppose that         are differentiable function on an open interval 

containing     , except possibly at     and that 

   
   

                    
   

          

If     
   

     

     
  has a finite limit or if this limit is           then 

    
   

    

    
    

   

     

     
 

Moreover, this statement is also true in the case of a limit as 

                                 . 

Exercises: 

1)    
   

    

   
 

2)    
   

     

 
 

3)    
   

 
 

 
 

 

√ 
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4)    
   

      

     
 

5) 
 

  
[  |    |] 

6) 
 

  
[    ] 

7) 
 

  
[
  

   
] 

8) 
 

  
[         ] 

 

 

Integration (انتكامم) 

A special symbol is used to denote the collection of all 

antiderivatives of a function  . 

Def. The collection of all antiderivatives of   is called the indefinite 

integral of   with respect to  , and is denoted by    

                               ∫        

The symbol 1 is an integral sign. The function   is the integrand of 

the integral, and   is the variable of integration. 
 

Note. 

1) ∫       

2) ∫      ∫   

3) ∫        ∫   ∫   

4) ∫     
    

   
           ≠    

5) ∫
 

 
     | |                   

6) ∫           

7) ∫     
  

   
              note: 

 

  
           

 

 

 

Ex. 
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∫          

∫            
  

 
         

 

∫              

∫       
 

 √ 
         √    

 

 

Integration by parts (تكامم بانتجزئة) 
The integration by parts formula  

∫                     ∫            

Ex.Find ∫         

Sol. 

There is no obvious antiderivative of      , so we use the 

integration by parts formula. 

∫                     ∫              

to change this expression to one that is easier to integrate. We first 

decide how to choose the functions      and     . In this case we 

factor the expression       into 

         and               

Next we differentiate      and find an antiderivative of      , 
          and                
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There are four apparent choices available for      and       in 

Example. 

1. Let            and              .                                                   2. 

Let          and               

3. Let              and                                                           4. 

Let             and             . 
Choice 2 was used in Ex. The other three choices lead to integrals 

we don’t know how to integrate. For instance, Choice 3, with 

                , leads to the integral. 

∫                 

  مهحوظة:

ة فً انسؤال انتً لا ومتهك انهذف مه انتكامم بانتجزئت هى الأوتقال مه انصٍغت انمعطا

بحٍث       رؤٌت واضحت نحهها إنى صٍغت أبسط وأوضح . وبصىرة عامت، وختار أولاً 

بحٍث وستطٍع      وستطٍع أن وجري عهٍها انتكامم بسهىنت وانجزء انمتبقً وختاره 

 .     مه      اٌجاد 

Ex. 

 Find ∫       

Sol. 

∫                     ∫              

Let             and           

 

 

           

 

 

 

The formula is often given in differential form. With 
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            and           , the integration by parts formula 

becomes 

∫       ∫    

 

Ex. 

 Find  ∫       

Sol. 

Let            and            

                and           

Or if we use second formula ∫       ∫    

                

              

 

 

 

 

 

 

 

 

 

 

 


