SE 207: Modeling and Simulation

Lesson 3: Review of Complex Analysis

Dr. Samir Al-Amer
Term 072




Complex Numbers

~ Complex numbers: number of the form
ZEX) Y =1
where x and y are real numbers and
~ X: real partofz; x=Re{z}
~ Y. Imaginary part of z; y = Im {z}




Complex Numbers
Two complex numbers z, and z, are equal

If and only If their respective real and
Imaginary parts are equal

L =X*1T]) Y, L, =X11]1Y,

(

X = X,
Yi=Y,

2, =12, < @ <




Representing Complex numbers
Rectangular representation

Imaginary axis
A

Imaginary Part  y¢--—------- eS, =X+ ]y

X real axis

Real part
Complex-plane

(s-plane)



Representing Complex numbers
Polar representation

Imaginary axis
A

Imaginary Part - -
o s, =X+ jy=pe’

p . lengthof s,

p=ls
ealaxs 1 @ : phase angle

|
o —»>

Real part
Complex-plane

(s-plane)



Conversion between Representations
Example

Imaginary axis

Sl :3+ j4:56j0.9273

9 tan? Imaginary part
real part

0

o — >
3 real axis

magnitude =|s,|= V3 +4% =5

phase angle=6=0.9273 (radian)
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Euler Formula

e’ =cos(@) + jsin()

~1( 4
/ 6 = tan (5] = 0.9273
s, =3+ j4=5e!%%"

=5¢05(0.9273) + ] 5sin(0.9273)
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Complex Numbers

Addition /Subtraction

21:X1+jy1; L, =X +1]Y,

L, t14, = (X1+X2)+j(y1+y2)
Ly — L, = (Xl_xz)+j(Y1_y2)

(2—)3)+(5+)4)-8=(2+5-8)+ j(-3+4-0)
=—-1+ ]
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Complex Numbers

Multiplication/Division

_ i v —r elb- _ iy — jo
L=X+]y,=ne", Z,=Xt+]Y,=hL€"

2, 2, = (XX = Y.Y,)+ J(XY, +X,¥,)

Z_1: XX, T Y1Y, 4 J YiXo — Yo X
2 2 2 2

Ly X2 T Y5 X2 T Ys

2, 2, = rr, /%%

Z — i 61(91_92)

-1
L I
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Operations  examples

S=-1+ )3

Z=2+1]5

S+z=(-1+2)+ J(3+5)=1+ )8

sz=(—1+j3)2+ j5)=—-17+
s (-1+j3) 13+ jl11

2z (2+j5) 29




More Examples
s = 2el?

7 =23
sz=2e!” 3¢ =(2e3)e!*" = ge!

j2
s 2e _gegj

7z 3l 3



Conjugate
Imagirlary axis
S=X+Jy
s : complex conjugate of s S=X+]y
S=X-]y E
real axis
S=X-Jy

Complex-plane

(s-plane)



Conjugate
S=X+ ]y

S=X-y
o =[5/ ="+ v’

ﬁf:s§:x?+f




Conjugate
S=-1+ ]2
S=-1-j2




CO nj Ugate real/imaginary part
S=X+Jy
S=X-Jy
Re{s}=x= (5+5)
2
ims}=y = 5=3)

2]



O pe ratl O ﬂS Polar coordinate Multiplication/Division

_ j0 _ jo
S;=P€ S, =P8

i(6,+6,)

= (/Ole I sze " ): oy s

I

S _ PE _ Pigie-6)
1%

S, P87 ,02




An example
(2+j2)*(1- [) = (4+0])

21+ ))*A-))=21+1) =4
242 174 2 e 7t =4 %= 4
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Keywords

~ Conjugate

-~ Modulus

~ Real part

~ Imaginary part
- Polar coordinates
~ Complex plane
~ Imaginary axis
~ Pure imaginary
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