IV.  COMPLEX NUMBERS

         Complex Numbers - a number in the form  a + bi.

                                                a -  real part

                                               bi - the imaginary part         

                                             a & b - are both real numbers
                                                 i = (-1    or   i2 = -1                                      

        A. The Complex Numbers And  Its  Operation

              1.  Addition and Subtraction:

                   a. Algebraic solution:

                        Principle:  1.  Add/subtract their real parts to obtain the real part of the sum/difference.  

                                          2.  Add/subtract their imaginary parts to obtain the imaginary part of the sum and   difference.

                         Examples:  1.  (3 + 4i) + (5 - 2i)

                                             2.  (5 + 3i) -  (3 - 2i)

                   b.  Graphical Solution:

                                                            iy -  axis of imaginary number

                                                                    P (x + iy)

                                                                     y

                                                               x                         x - axis of real number 

                           Principles:

                                             1. To add, locate the complex number in the coordinate.

                                             2.  Draw a line from the origin to the points of the complex numbers.

  3.  Draw parallel lines with the lines drawn in step 2, passing through the points  of complex number to be added.

                                             4.  The intersection of  these lines is the sum.

                                             5.   To subtract,  just change the sign of the subtrahend and proceed with 

                                                   addition.  

                           Examples:  

                                               1.  (3 + 4i) + (5 - 2i)

                                               2.  (5 + 3i) -  (3 - 2i)

                                               3.  (5 + 3i) -  (3 - 2i) + (5 - 2i)

              2.  Multiplication:

                   Principles:   1. Apply the distributive law.

                                       2.  Simplify using the relation  i2 = -1 

                    Examples:

                                       1.  (3 + 4i)(5 - 2i)

                                       2.  (5 + 3i)(-3 -2i)

              3.  Division:

                    Principle:  1. Multiply both the numerator and denominator by the conjugate of the 

                                          denominator.    

                                           a + bi   and   a - bi    are conjugate of each other.                 

                                      2.  Simplify using the relation i2 = -1
                    Examples: 

                                      1.  (3 + 4i)/ (5 - 2i)

                                      2.  (-3 -2i)/ (5 + 3i)

B. Complex Roots Of Equation

              Complex roots of equation - occur when the solution is a square root of a negative number.

               Square root of a complex number:

                             (w  =  z ,    such that     z2 = w  

                              when z is negative    (-z2) = w    

                               Therefore:  Every complex number has two distinct square root.
                    Principle:

                                1. (w  =  z ,    such that     z2 = w
                                2. Two complex numbers are equal iff the real part and the imaginary part are equal

                    Examples:

                                1.  Find the square root of  3 - 4i ,  clue:  let  a + bi  as the square root.

                                2.  Find the square root of  i  
        C.  Trigonometric Form Of Complex Numbers.


                                            r            y

                                               (  

                                               x

                                          x =  r cos (,       yi = r i sin (
                                          x + yi  = r cos ( + r i sin (
                                                      =  r (cos ( + isin ()

                                                      = r cis (
                                          Where :    r  =  x2 + y2      ;      tan ( =  y/x                                                                

                 1.  Multiplication of complex number in trigonometric form:

                                        r1 (cos (1 + isin (1) r2 (cos (2 + isin (2) = r1 r2 [cos ((1  + (2) + isin ((1  + (2)]

                                                                                                       = r1 r2 cis ((1  + (2)

                 2.  Division of complex number in trigonometric form  

                                       r1 (cos (1 + isin (1)/ r2 (cos (2 + isin (2) = (r1 /r2 ) [cos ((1  - (2) + isin ((1  - (2)]

                                                                                                          = (r1 / r 2) cis ((1  - (2)

                      Example: 

                                    1.  Change to trigonometric form and multiply:   (3 + 4i)(5 - 2i)

                                    2.  Change to trigonometric form and divide:  (-3 -2i)/ (5 + 3i)

        D.  Power And  Roots  Of Complex Numbers

              1.  Power:

                           [r (cos ( + isin ()]n   = rn (cos n( + isin n()  - De Moivre's Theorem

                   Example:   (1+i)5

             2.  Roots: 

                             [r (cos ( + isin ()]1/n  =  r 1/n [cos ( ( + k . 3600)/n + i sin  ( ( + k . 3600)/n]

                   Example:   Find the fourth roots of  -1 - i 3 

                    Graphical solution:

                          1.  Draw a circle whose center is the origin and whose radius is the numerical nth root of r. 

                          2.  Divide the angle ( by n; this is the index of the root.

                          3.  Divide the circumference of the circle, from (/n to  (/n + 3600  into n equal parts.

                          4.   The n points of division will be the required roots.                           
