Complex Numbers
Why do we need complex numbers?
Consider the quadratic equation:
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If the discriminate is b2 – 4ac > 0. There are 2 real different solutions

If the discriminate is b2 – 4ac = 0. There is 1 real solution

If the discriminate is b2 – 4ac < 0. There are no real solutions

e.g.
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We now define the imaginary number i as 
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Now 
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Fundamental Theorem Of Algebra
If p(z) is a polynomial of order m, then p(z)=0 has exactly m solutions.

Another application of complex numbers is in the Schrödinger equation, for the wave function in quantum mechanics:
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Real And Imaginary Parts
In general, the complex number z can be written in the rectangular form

z = x + iy
Where 
[image: image7.wmf]Â

Î

y

x

,

 

The real part of z is Re(z)=x
Imaginary part of z is Im(z)=y
If Re(z)=0 We call z imaginary

If Im(z)=0 We call z real

Hence real and imaginary numbers are special cases of complex numbers.

The Complex Plane (Argand Diagram)

The complex number z=x+iy may be represented by a point in the plane where x-axis represents Re(z) and y-axis represents Im(z).
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                                     Imaginary axis


                                     Im(z)

                                                       z=x+iy
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The moduis of a comlex number z is defined as
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And is the distance from the origin 0 to points representing z in an Argand diagram. The argument of a complex number z is
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But this is more generally
[image: image10.wmf]p

q

n

z

2

arg

+

=

. So each complex number has an infinite number of arguments given by the above where 
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If 
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Addition And Substitution
If
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   Then we define
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It follows that

z1 + z2 = z2 + z1


The Commutative Law

z1 + (z2 + z3) = (z1 + z2) + z3

The Associative Law

Multiplication
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It follows that
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Complex Conjugate

If z=x+iy, the complex conjugate of z is
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                                               z=x+iy


                                                     Re(z)




           z*=x-iy


z* is a reflection of z in the x axis.

It follows that
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We can view the above geometrically:

· Addition

                                              z1+z2
                   z2




Parallelogram Law

                                      z1

· Multiplication
                                           z1z2

                                     z2


                                      z1
· Complex Conjugate

                                z
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e.g.
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Also
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Polar Representation Of Complex Numbers

Im(z)

         y
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Exponential

Let z be a complex number. We define
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We can show that
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If we substitute 
[image: image28.wmf]q

i

z

=

 into the equation above we get:


[image: image29.wmf]q

q

q

q

q

q

q

q

q

q

q

q

q

q

q

q

q

q

q

q

q

sin

cos

...)

!

5

!

3

(

...)

!

4

!

2

1

(

...

!

5

!

4

!

3

!

2

1

...

!

5

)

(

!

4

)

(

!

3

)

(

!

2

)

(

1

5

3

4

2

5

4

3

2

5

4

3

2

i

e

i

e

i

i

i

e

i

i

i

i

i

e

i

i

i

i

+

=

+

-

+

+

-

=

+

+

+

-

-

+

=

+

+

+

+

+

+

=


Hence we get Euler’s equation
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And 
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de Moivre’s Theorem
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Using this we can now derive some more trigonometric identities. i.e. n=3
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Find the nth root of one

The equation 
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The n solutions are for k=0,1,2, … n-1
For instance for n=3
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The solutions always come in conjugate pairs.
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Zz* has argument arg(z)+arg(z*)=0


So


� EMBED Equation.3  ��� 





� EMBED Equation.3  ���








_1256295262.unknown

_1256298737.unknown

_1256299203.unknown

_1256299939.unknown

_1256300621.unknown

_1256300868.unknown

_1256301124.unknown

_1256301246.unknown

_1256301037.unknown

_1256300762.unknown

_1256300165.unknown

_1256299653.unknown

_1256299777.unknown

_1256299582.unknown

_1256299032.unknown

_1256299116.unknown

_1256298897.unknown

_1256298753.unknown

_1256297164.unknown

_1256298289.unknown

_1256298365.unknown

_1256298114.unknown

_1256295616.unknown

_1256296782.unknown

_1256296876.unknown

_1256296986.unknown

_1256296561.unknown

_1256295469.unknown

_1256294334.unknown

_1256294644.unknown

_1256294901.unknown

_1256295191.unknown

_1256294783.unknown

_1256294549.unknown

_1256294603.unknown

_1256294404.unknown

_1256294517.unknown

_1256065638.unknown

_1256065826.unknown

_1256072444.unknown

_1256065673.unknown

_1256065438.unknown

_1256065554.unknown

_1256065384.unknown

