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 :المحاضرة السابعت 

الدوال العقديت  مع أمثلت تطبيقيت                     

الدوال العقديت 

       

 

  

   ( )   (   )    (   )  

The variable   is sometimes called an independent variable,   is called a 

dependent variable. 

 

Example: 

 If  ( )    , then find  ( ) if      
 (  )  (  )     

Example 

If     , then      (    )            , and the transformation 

is  

 ( )     (    ) 

 ( )             

 

              
 

Example:   
  Illustrate the function  

 ( )  √     ⏟      
 (   )

  (  )⏟  
 (   )

 

              (   )  √      

            (   )     

 

Elementary Functions 

1. Polynomial function are defined by 

     
     

                ( ) 

Where              are complex constants and   is a positive integer called 

the degree of the polynomial  ( ). 

Real part of f(z)  
Imaginary part of f(z) 
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2. Rational Algebraic functions are defined by   
 ( )

 ( )
 

Where  ( )  ( ) are polynomials  ( )   . 

 

3. Exponential functions are defined by 

 

             (          ) 

Where            is the natural base of logarithms .If   is real 

and positive, we define:           (      ) 

Where       is the natural logarithm of  .  

Proof 

                       

         

 (لوغاريتم الاساس مضروب في   الاسمرفوعت الى )  اسيتدالت * 

Complex exponential functions have properties similar to those of real 

exponential function. For example, 

                

   

   
        

 

4. Trigonometric functions (or circular functions)            etc. can be 

defined in terms of exponential functions as follows. 

                          

       (  )          (  )      (  )    

Complex Exponential function  

        , i     ,    

                                
              De'Moiver theorem 



Complex Algebra 
   Prof .Dr. Hayfa G. Rashid      

__________________________________________________________________________________                                                                

3 
 

   𝑖𝑧  𝑖    h 𝑧        𝑖𝑧     h 𝑧   

ta 𝑖𝑧  𝑖 ta h 𝑧 

   h 𝑖𝑧  𝑖    𝑧     h 𝑖𝑧     𝑧   

ta h 𝑖𝑧  𝑖 ta 𝑧 

     
        

  
      

        

 
 

ta   
    

    
 

        

 (        )
 

  t   
    

    
 

 (        )

        
 

 

                      ta           
     t         

    (  )                   (  )                  
ta (  )   ta   

   (     )                        

   (     )                        

 

5. Hyperbolic Functions are defined as follows  

   h   
      

 
    h   

      

 
 

   h   
 

   h  
 

 

      
    h   

 

   h  
 

 

      
 

ta h   
   h  

   h  
 

      

      
    h   

   h  

   h  
 

      

      
 

The following properties hold         (  تعطى )  

    h       h                ta       h       
   th        h   

    h(  )      h           h(  )     h    
ta h(  )   ta h   

    h(     )     h      h       h      h    
   h(     )     h      h       h      h    

 The following relations exist between the trigonometric or  circular 

functions and the hyperbolic functions. 
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Logarithmic Functions: 

If      , then we write      , called the natural logarithm of   

             

    (    )            

           (     )                    

Where              (     ) 

 

     is multiple-valued function. The principle branch of principle value of  

      is defined as: 

      ,      where        

 The logarithmic function can be defined for real bases other than  . If  

             

Where     and      . 

In this case          and so   (   )     )  

 

6. Inverse Trigonometric Functions  (     تعطى )  

If        , the          is called the inverse sine of  : or arc sine of  . 

          (multiple-valued function) 

           
 

 
  (   √    )               

 

 
  (  √    ) 

 

7. Inverse Hyperbolic functions(     تعطى )  

If     h  , the      h    is called the inverse  hyperbolic sine of  . 

     h     (multiple-valued function) 

       h      .  √    /        h      .  √    /    

 

Example 

1. Prove that: 

a)                

b) |  |     

c)                         
Solution  

a) By definition  

     (          )         where {
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            (            )     (            )
        (            )(            )
          (     )             (     ) 

 

b) |  |  |  (          )|  |  ||          | 
         

c) By part (a)  

                   (              )     

      is a period of the function ,In particular,    has period    . 

 

2. Find the value of   (   ). What is the principle value? 

 

Or, determine the Principle value of     (   ). 

      (    )         

                

   √  

           
 

 
 

      (   )    √   . 
 

 
    /  

 

 
    

  

 
       

The principle value is  (   )   .
 

 
    

  

 
 / 

 

a) Find the principle value of   . 
 

Solution  

          i i i              *     (     )+        (     )

   (     )*   (   )      (   )+ 

       

     th         *   (   )      (   )+ 

           i i i             , the principle value          ⁄  

Now ,  
 

Let                         

     

𝑜𝑟
 𝜋

 
 

  

(    ) 

𝑥 

𝑦 

𝑍𝑍
!!!! 
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Example :   (   )(    ) 

Method#1 

Let  ,   (   )(    ) 

    (    )   (   )   ,                 , 

             √                      
 

 
    

  (   )    √    
 

 
 

    (    )   (   )  (    ),  √    
 

 
- 

       √    
 

 
    √    

  

 
 

Th    aki g  h   xp     ial       h si  s …… 

 

Method#2 

  (   )(    ) 

   (    )   (   )   
(    ),  √    

 
 -      √    

 
     √     

 
  

   
.   √     

 

 
 /  (

 

 
    √  )

 

 

   
.   √     

 
 
 /

   (
 
 
    √  )

 

 

Make use of Euler's formula  

                   
 

 

Solve          (  )  (    )(        )               (   √    )(   ) 

(a)       

    (  )   ( ) 

 

 

         
 

 
    

 

 
  ,         

 

 
 

 مهم 

𝑙𝑛 𝑧  𝑙𝑛𝑟  𝑖𝜃 
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Then ,  

    (  ) 0 
 

 
1     

        

 
Taking exponential for both sides: 
 

                     

 

 

 

(b)  (    )(        ) 

  (    )(        )              [(    )(        )] 

     (         )  (    ) 

 

 

  (    )       

                                                        

  (    )    (    )           

         (    )                         

Then ,  

                    

                    

(    )(        )      [                      
] 

(    )(        )  (          )   (          )  

 

𝑤  𝑒 𝜋   

𝑙𝑛 𝑧  𝑙𝑛𝑟  𝑖𝜃 

(   𝑖)(       )           𝒊  


