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CHAPTER 4

Complex Numbers

Basics, conjugate and modulus

FORM

CONJUGATE

MODULUS

POWERS OF I

Polar form and argument

POLAR / EULER FORM

ARGUMENT RULES

De Moivre's theorem and roots of unity

DE MOIVRE

CUBE ROOTS OF UNITY

z = x + iy, i =2 −1, =z̄ x − iy, ∣z∣ = x + y2 2

z =z̄ ∣z∣ ,2
​ =z ​ ± z ​1 2 ​ ±z̄1 ​,z̄2 ​ =z ​z ​1 2 ​ ​,z̄1z̄2 Re(z) = ​

2
z + z̄

∣z ​z ​∣ =1 2 ∣z ​∣∣z ​∣,1 2 ​ ​ ​ =
z ​2

z ​1
​,

∣z ​∣2

∣z ​∣1
∣z ​ +1 z ​∣ =2

2 ∣z ​∣ +1
2 ∣z ​∣ +2

2 2 Re(z ​ ​)1z̄2

i =4k 1,  i =4k+1 i,  i =4k+2 −1,  i =4k+3 −i

z = r(cos θ + i sin θ) = re ,iθ r = ∣z∣,  θ = arg z ∈ (−π,π]

arg(z ​z ​) =1 2 arg z ​ +1 arg z ​,2 arg ​ =
z ​2

z ​1 arg z ​ −1 arg z ​2 (mod 2π), arg =z̄ − arg z

(cos θ + i sin θ) =n cosnθ + i sinnθ

1, ω, ω ;2
ω = ​,

2
−1 + i ​3 1 + ω + ω =2 0, ω =3 1
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NTH ROOTS OF UNITY

Geometry and rotation

DISTANCE AND SECTION

distance

ROTATION

 is the angle from  to  (anticlockwise).

CIRCLE

is a circle a line

COLLINEAR POINTS

TRIANGLE INEQUALITY
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z ​ =k e ,  k =​

n
2πik

0, 1, … ,n − 1; z ​ =∑ k 0,   z ​ =∏ k (−1)n−1

∣z ​ −1 z ∣ =2 ; z = ​

m + n

mz ​ + nz ​2 1

​ =
z ​ − z ​2 1

z ​ − z ​3 1
​ e

∣z ​ − z ​∣2 1

∣z ​ − z ​∣3 1 iθ

θ z ​ −2 z ​1 z ​ −3 z ​1

∣z − z ​∣ =0 r; ​ ​ ​ =
z − z ​2

z − z ​1
k (k = 1)  ,  k = 1 

​ ∈
z ​ − z ​2 1

z ​ − z ​3 1 R

​∣z ​∣ −1 ∣z ​∣ ​ ≤2 ∣z ​ +1 z ​∣ ≤2 ∣z ​∣ +1 ∣z ​∣2
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