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-employconjugation

II
Recor Let z = x+ by be e complex number

ther Re (E) = Y

Im (z) = Y

↳conjugate Xi . Y



&learing denominators

Goal ! Rewrite => such that

denominator is purely real.

Rate
↑ Real denomic

-Let z = x + iy -

motor

& R =>E = +:



In general we can use

complex conjugate for it :

Fact For
any It

K
-

E . E is a real number.

Proof Let z = x +iy then E = X-iy
-



ther
z- = (x+ iy) . (x - iy) =
=x - (iy) = x

=
- (y) =
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= x +y ERR
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Back to fractions :
- Usual complex

n -
multiplication

- Real number
so division by it
is also easy.
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Absolutevalue :

DefinitionFor e complex number
zoxoix-

we define itsabsolute value formtulus)
MODULUS

as
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Important identity
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Remark. For purely real z = x + i.
-

| x1== = (x).

·
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evy
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is length of
the interval↳wetheore : connecting z to 0,
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= x2 +yz



Itriangle inequality.
1z + w) = (z)+ (w)

withto&side lengths

(zewl
,
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,
12

=> triangle inequality



Polarformcomplex numbers↑
Z
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·
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Polar
cordinates coordinates



DefinitionArgumentofisna
We denote by Ang(z)

.

Remarks : Not well defined
-

sin and as one zi-periodic functions.
so 121. (024 + : since) = Alles (inee) + i s in(e + v()



It Y is an argument of z

the + 25 is also an argument
of z

.
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Polar presentation!

For zed we
have ;

any
z = (2) · (cos(Argz) + i sin (Aug)

sh,
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Examples
O -(2 · K
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lit= 1= =1

Ang(i) = T

Indeed i = 1(c
= I
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E ti = ↓ (tei. sin)
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Hav to
If zexting with computeongumea

1 Z

Fuk)I sin g =
Iz

!=> y = arcsin (Fal> (2)

Re(z)

Iz
so Y = arcos (P



In offer situations you

need to modify &

Retzlee

n
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iI - i) = 1

Ang(_i) =

-



Proposition o-

Arg = #g(z)on zi-Ang(z)

Ang (z,z) = Aug(z . ) + Angler)
Proof : Computation using-

cos(y + 4)= cos(e) · cos(4) - sin(ylsin(v)
sin(e + 4) = sin(y) · cos(4) + Sin (4 .203(4)



Propositionz) = Arg 17 .1 Aughr)

Proof : Computation using

cos(y + 4)= cos(e) · cos(4) - sin(ylsin(v)

sin(e + 4) = sin(y) · cos(4) + Sin (4 .203(4)

Exercise do the proof.



Product in the polar form

7.. z = Hl(z) ·

· (cos(Angz , + Augz) +: sin(tugzAnge)



Example Rotations of complex
-

plane

If (z)= 1 = z = cos(Arg(z)) +
- is in (Arg(z)

(cos + Sing =1)

Multiplication by such z = cospising
definesa map D-D givenbyw zow



R2 IR2
I

Il

Define e map ? #-> C
I functies)Ou

W- zow for
z= case +ising

then this map is the rotation

of R2 around O
on angle 4.
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-Eulerformula

Definition Complex exponential function
-

et = ex + iy)
= e . (csy + isiny)

In other words
,

ez =
eRe(z)

. (cos (tmz)+ isin(tmz))



Examp↳
↑

Euler's identity-
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Proposition ez =
'Re(z)

. (cos (tmz)+ isin(tmz)
-

· le= eRe(z) 6
= 2

·AeteSt
·
et =e(=) = E+ zi.k KEE


