


Complex Numbers

Complex: imaginary numbers

Rational
Natural
numbers
numbers




Introduction

No solution in IR

Suppose that there IS a number i such that:
= —1
i IS called imagmary number



Definition

v Acomplex number z is in the formof z = a + bi a,b € IR
v a is called the real part: Re(z) = a
and b is called the imaginary part: Im(z) = b
v The set of all the complex numbers is denoted C.
v Any real number is a complex number where 0 is its imaginary part.

Example:
z = —1—3i where Re(z) = —1and Im(z) = —3
z=2+ %i where Re(z) = 2 and Im(z) = %



Properties

O:+2=a+bi+a +bi=(a+a)+(b+b)i
Example:

z=14+2i ; z' =34+ 3i

z+72 =(1+4)+B+3)i=4+5i

O:z-z=a+bi—(a+b'i)=(a—a')+ (b—Db")i
Example:

z=1+4+2i ; 2z =34 3i

z—2' =1-3)+2-3)i=-24+((-1)i=-2-1i



Properties

Letz=a+ biand z’' = a’ + b'i be two complex numbers

©:zxz =((+bi)x(@ +Db'i)=aa —bb' +i(ab’ + ba')
Proof:

zXz =(a+bi)x(a"+ b'i)

=aa' +ab'i + bia' + bib'i

=aa' +ab'i + ba'i + bb'i?

aa' +ab'i + ba'i — bb' since i* = —1

aa’ —bb' +i(ab’ + ba')



Properties

©:zxz =((+bi)x(@ +Db'i)=aa —bb' +i(ab’ + ba')

Example:

z=1+42i : z'=34+3i

First method: apply the above rule

zXz =(14+21))34+3i))=1%x3—-2%x34+i(1x34+2%x3)=-34+9i

Second method: multiply step by step
zXz' =(1+20)3+3))=3+3i+6i+6i*=34+9 —6=-3+09i



Properties

Oifz=0thena=b=0
Givenz=m—-—-n+ (n+ 2)i

Find the values of m and n so that z is null.
m—n=0andn+2=0

m=n n=-—2

m=—2



Properties

@Ifz=7 thena=d andb = b’
Givenz=m—-n+n+2)iandz' =3+ 3i
Find the values of m and n so that z= Z'.
m—n=3and n+2 =23

m=n-++3 n=3—-2=1
m=1+3=4



Properties

0O A complex number z is said to be pure imaginary if and only if Re(z) = 0

and Im(z) # 0.

Example:

1. . . . : :
—-~it 5 12t ; @ ; —i ; ..arepureimaginary

Remark:
A pure imaginary Is a complex number whose square Is negative, so 0 Is not

considered as a pure imaginary.



Conjugate of a complex number

z = a + bi IS a complex number.
The conjugateof ziszZ=a — ib

Example:

z =1+ 3i Z=1-—3i
z=-—1+43i Zz=—-1-23i
z=1-3i Z=1+43i
z=—-—1-3i Z=—-—1+3i



Conjugate of a complex number
Properties

(1 A
Z=a— bi
Z=a—bi=a+bi=2z




Conjugate of a complex number
Properties

Q:z+7=7+~

z+z =(a+a')+(b+Db)i
=(a+a')—(b+Db)i
a+a —bi—Dbi
a—bi+a —bi=7+7




Conjugate of a complex number
Properties

Q:z+:7/=:+7

Example:

z=1+42i : z'=34+3i
z+27z =4+4+5i=4-5i
Z+7z2=1-2i+3-3i=4-5i




Conjugate of a complex number
Properties

©:z/=:7

zz' = aa’ — bb' + (ab’ + ba')i
=aa' — bb' — (ab' + ba')i
=aa —bb"'—ab'i — ba'i

7zz' = (a — bi)(a' — b'Q)

=aa' —ab'i — ba'i + bb'i?

= aa' —ab'i + ba'i — bb’

= z7'




Conjugate of a complex number
Properties

€:z/=:~

Example:

z=1+42i : z'=34+3i

zz' =1%x3—-2%x3+(1%x3+2x%x3)i=-3+9i

zz' = -3 —9i

7z =(1-2)(3-3)) =1%x3—(=2)(=3) + (1 x (=3) + (—2)(3))i
= —-3—09i



Conjugate of a complex number

Properties

O:: = a2 + b2

zZ = (a + bi)(a — bi) = a? — (bi)? = a*® — b%i* = a? + b*?
Example:

z=1+4 2i
zZ=(1+2)(1—-2i)=1%+4+2%=5

z =34+ 3i
zZ=(3+3i)(3—3i) =3%+3%=18



Application
Answer with true or false and justify.
1.i% =i

False since:
i>=ixi?=i(—1) = —i



Application
Answer with true or false and justify.
2.2z = (21 — 1)(2i + 1) is areal number.

True since:
2i—1DRi+1) =(i)*—1% =4i* —1 = -4 —1 = -5 which is real



Application

Answer with true or false and justify.
3.z = (14 2i)?% + (1 —2i)? is apure imaginary

False since:
z=(14+20D)*+ 1A —-20)*=1+4i+4i*+1—4i + 4i°
=2 —4—4 = —6whichis real



Application

Answer with true or false and justify.
4. The imaginary part of z = % +iis %

True since:
z=2-tti=2+i(-t+1)=2+2isoIm(2) =
3 3 3 3 3 3

2
3



Application
Answer with true or false and justify.
5. 1f z = gi(i +2)2, then Re(z) = 2
False since:
z=Zi(2+4i+4) =Zi(-1+4i+4) =2iB+4) =20 +-i% = 2i — =
So Re(z) = —



Application

Answer with true or false and justify.
6. If Re(2x —i ++3) =4 ,thenx =0

False since:
z=2x—i+V3=2x++3—i
Re(z) = 2x ++/3

So2x+vV3 =4 ; x=4_\/§

2

%0



Application

Answer with true or false and justify.
7. The conjugate of z = (3 + 2i)? is 9 — 4i

False since:
z=00B+4+20)?*=9+12i+4i*=9+12i—4 =5+ 12i
Z=5—12i






	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25

