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Potencias de Numeros Complexos
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Justificativa

=pp---pleos(p+ @+ -+ @) +isen(p+ o+ + )]

= p"[cos(nyp) + isen(ny)]
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Primeira Formula de De Moivre

Se

z = p[cos(p) + isen(p)]

e n um numero natural

Primeira Férmula de De Moivre

2" = p"[ cos(ny) + isen(np)]
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cuoe =~ o (o) + e (2))]



Exemplo 1 - Soluc¢éo

oo ()« 0 )

p=u=2 p = arg(u) =

NI

z=u' = p*[ cos(4p) + isen(4¢p)]

o 1) e 4] < 6o () 5 ()]



Exemplo 2

6
Calcule z = <1 + \/§z>
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Exemplo 2 - Solucédo

u=1++/3i a=Re(u) =1 b=Tm(u) =3

p:|u|:\/a2+b2:\/1—|—3:\/522

) b V3
en(p) = — = —
sen (¢ PR
a 1
COS(@)—;—E
¢ = arg(u) = 60 :grad

u=p(cos(p) + isen(p)) =2 (COS (g) + isen (g»
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== (o (5) + i (3)

z=u’ = p®[cos(6p) + isen(6yp)]

=26 [COS (6%) + isen (6%)]
= 64 [cos (27) + isen (27)]
— 641 + i0]

= 64



Raizes de Numeros Complexos
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Justificativa

Se z = p[cos(p) + isen(yp)] e n> 1éum numero natural

A raiz n-ésima de z é um nimero
u=r|cos(a)+ isen(a)]

tal que
u'=z

r*[ cos(na) + isen(na)| = p[cos(i) + isen(yp)]
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Justificativa

Encontrar r e « tais que

r"=p

cos(na) = cos(yp)

sen(na) = sen(yp)
ou seja

r=+/p

noa = @ + 2km

a:£+2ﬂ'—

n n
apenas

k=0,1,2,...,n—1

fornecem soluc¢des distintas
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Segunda Formula de De Moire

Se z = p[cos(p) + isen(yp)] e n> 1éum numero natural

As raizes n-ésimas de z sdo

k k
U = /p |:COS (f + 27r—) + isen (f + 27T—):|
n n n n

com k=0,1,2,...,n—1
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Funcodes Raiz

Atencdo: Nio definimos as fung¢oes raiz

Para definir uma funcéo raiz precisamos determinar como
escolher consistentemente uma tinica resposta

NAO USE ANOTACAO /2
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Exemplos
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Exemplo 4

Encontre as raizes cubicas de 1
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Exemplo 4 - Solucédo

z=1=1+0i=1[cos(0) + isen(0)]

p=I1=1 p = arg(1) =0

2k 2k
uk:{/ﬁ[cos(SO—F3 7T)4—ise1r1(90+3 W)} k=0,1,2

0+ 2k 0+ 2k
:%[cos( +3 7T) zsen( + W)]
= Cos & + isen &
N 3 3
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Exemplo 4 - Solucédo
2 X 0m . 2 X 0 2 X2 . 2 X 21
uozcos( 3 )+lsen< 3 > uzzcos( 3 )+zsen( 3 )

= cos(0) + isen(0)

=1

1
2 x 1 , 2 x 17 2
U, = COS + isen
3 3
(7r
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Exemplo 5

Dado z = (\/5—1— i)4

calcule

a) a parte real de z,

b) a parte imaginaria de z,
c¢) o modulo de z,

d) o argumento de z
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Exemplo 5 — Avaliando u na forma polar

Convertendo u = /3 + i para a forma polar

p=lu=/(V3) +12=vi=2

Assim

u=plcos(p)+isen(p)] =2 [COS (%) + isen (%)]

20/42



Exemplo 5 — Avaliando z

z:u4

= p* [cos (49) + isen (49)]

ol (8 s (5]
e (2 < o ()
~ 16 H ¥ V;]

= —8+8V/3i
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Exemplo 5 — Avaliando z

Parte real de z Modulo de z
Re(z) = —8 |z| = 16

Parte imaginaria de z Argumento de z
Im(z) = 8v/3 arg(z) = °n

3
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Exemplo 6

Encontre as raizes ctbicas complexas do numero z = —27
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Exemplo 6 — Solucdo

Escrevemos z = —27 na forma polar

z = 27[1 + i0] = 27 [cos (7) + isen ()]

24/42



Exemplo 6 — Raizes cubicas

2k 2k
uk:@/ﬁ{cos <gp+3 7T> + isen (<p+3 W)} k=012
_ T {cos (7? +32k7r) + isen <7T +32k7r)]

T+ 2km ) T+ 2kmw
=3 |cos 3 + isen 3
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Exemplo 6 - k=0

[ <7T+2><07r> . <7T+2><07T>]
uy = 3 |cos + isen
3 3
3 [eos (5) + isen (5)]
=3 |cos ( — isen ( —
3 3

=3 [COS (600) + isen (6()0)]

:3{%“?]

3 3v3
L 3V8,

2 2
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Exemplo 6 - k=1

T+ 2 X 17 . T+ 2 X 17
u; = 3 [cos 3 + isen 3

= 3[cos (7) + isen ()]

= 3[—1+ i0]
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Exemplo 6 — k = 2

[ (m+2xem) . (m42x2m
u; = 3 |cos R — + isen 3
3 i 5T e ST
=3 |cos| — isen | —
L 3 3

= 3[cos (300°) + isen (300°)]
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Exemplo 7

Encontre as raizes ctibicas complexas do numero z =1+ i
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Exemplo 7 — Solucédo

Escrevendo z = 1 + i na forma polar

Modbdulo

p=1+i=VI+12=12

Argumento

m
g0:arg(l—|—i):45°zz

Forma polar

e afeos(3) b ()
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Exemplo 7 — Raizes cubicas

U = /p |:COS <g0—|—32k7r> + isen (<p+32k7r)} k=0,1,2
3 1 /m . 1 /7
=1/ V2 [cos <§ (Z —|—2k7r>) + isen (§ (Z +2k7r>>]
. m+ 8km ) T+ 8km
—\/§|:COS< 2 )—i—lsen( T )1
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Exemplo 7 — Solucédo
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Exemplo 7 — Solucédo

[ 8 x 1 8 x 1
U :\(/E CcOS (H—ﬂ-> _|_ isen (H—ﬂ->:|

12 12

o () e ()]
o (22) e ()]

g V2 2
_ Vel iq
2 2
e ol
= _ﬁ + ﬁl

= 27 27
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Exemplo 7 — Solucédo
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Exemplo 8

Encontre as raizes ctbicas complexas do numero z = 27i
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Exemplo 8 — Forma polar

Escrevemos z = 27i na forma polar

™

2=27(0+ i) = 27 [cos (g) + isen (5)}
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Exemplo 8 — Solucédo

= 5o () 4o (2227
=27 {Cos (3 ( + 2k7r>) + isen G (g +2k7r))}
_ 4 [COS (71' +64k7r) ; ( 4k7r>]
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Exemplo 8 - Solucéo

[ <7T+4><07r> . <7T+4><07T>]
uy = 3 |cos + isen
6 6
3 [eon (§) + isen (5)]
=3 |cos ( — isen | —
6 6

=3 [COS (300) + isen (3()0)]

~s[L ]

2 2

3
EIEN
2 2
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Exemplo 8 — Solucao

[ (mHaxam) . (r44xin
u; = 3 |cos R — + isen 6
3 i 5T e ST
=3 |cos| — isen | —
L 6 6

= 3[cos (150°) + isen (150°)]

fd 3 —_ ﬁ_ r_
| 2 2

3v/3 3.

= —— 4+ i

2 2
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Exemplo 8 — Solucédo

T+ 4 X271 . T+ 4 X271
5 + isen 5

U, = 3 | cos

= 3 |cos

= 3[cos (270°) + isen (270°)]

)
=3[0+ i(~1)] = —3i

40/42



Lista Minima
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Lista Minima

Atencao: A prova é baseada no livro, ndo nas apresentagdes
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