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DISPON VEL CONTE DO

Aula 00

N meros complexos: operaç es, m dulo, conjugado de um n mero complexo, represen-
taç es algébrica e trigonométrica. Representação no plano de Argand-Gauss, Potencia-
lização e radiciação. Extração de ra zes. F rmulas de Moivre. Resolução de equaç es
binomiais e trinomiais.

Aula 01 Contagem e Análise Combinat ria: fatorial: deinição e operaç es; princ pios multiplica-
tivo e aditivo da contagem; arranjos, combinaç es e permutaç es

Aula 02 Bin mio de Newton: desenvolvimento, coeicientes binomiais e termo geral; triângulo de
Pascal.

Aula 03

Probabilidade: experimento aleat rio, experimento amostral, espaço amostral e evento;
probabilidade em espaços amostrais equiprováveis; probabilidade da união de dois eventos;
probabilidade condicional; propriedades das probabilidades; e probabilidade de dois eventos
sucessivos e experimentos binomiais.

Aula 04 Matrizes: Operaç es com matrizes. Equação matricial. Matriz transposta. Matriz in-
versa. Matriz de Vadermonde

Aula 05 Determinantes: Menor complementar. Cofator. Teorema de Laplace.

Aula 06 Sistema de equaç es lineares. f) Emprego do método Gauss-Jordan na solução dos siste-
mas. Regra de Cramer.

Aula 07 Cálculo vetorial e geometria anal tica: Vetores no R
2 e R

3. Adição vetorial, multiplicação
por escalar, produto escalar e produto vetorial

Aula 08 Limite: Limite de uma função. Operaç es com limites initos e ininitos. Limites funda-
mentais.

Aula 09 Derivadas: aplicação de derivadas. Regras de derivação. Regra de L´Hospital. Máximos
e M nimos. Esboço de gráico de funç es com ass ntotas.

Aula 10 Integrais: Integrais imediatas.

Aula 11 REVISIONAL ESTRATÉGICO
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UﾐｷS;SW ｷﾏ;ｪｷﾐ=ヴｷ;

V;ﾏﾗゲ IﾗﾏWN;ヴ ｷﾐSﾗ SｷヴWデﾗ ;ﾗ ヮﾗﾐデﾗが ゲWﾏ Wﾐヴﾗﾉ;N?ﾗく ISWﾐピgI;どゲW ﾗ ケ┌W Iｴ;ﾏ;ﾏﾗゲ SW ┌ﾐｷS;SW
ｷﾏ;ｪｷﾐ=ヴｷ; ヮWﾉ; ﾉWデヴ; iが SW aﾗヴﾏ; ケ┌Wぎ

i2 = −1

áﾉｪ┌ﾐゲ デヴ;デ;Sﾗゲ ゲﾗHヴW ﾗ ;ゲゲ┌ﾐデﾗ ヮヴWaWヴWﾏ WゲIヴW┗Wヴぎ

i =
√

−1

Eゲゲ; ┎ﾉピﾏ; ﾐﾗデ;N?ﾗが ヮﾗヴYﾏが ヮﾗSW ┗ｷヴ ; I;┌ゲ;ヴ ;ﾉｪ┌ﾐゲ ヮヴﾗHﾉWﾏ;ゲく Nﾗ SWIﾗヴヴWヴ Sﾗ デW┝デﾗ a;ﾉ;ヴWﾏﾗゲ
ﾏ;ｷゲ ゲﾗHヴW ｷゲゲﾗく Pﾗヴ ﾗヴ;が ┌ゲ;ヴWﾏﾗゲ ;ゲ S┌;ゲ ゲWﾏ ﾏ;ｷﾗヴWゲ ヮヴﾗHﾉWﾏ;ゲく

Eゲゲ; SWgﾐｷN?ﾗ ケ┌W SWﾏﾗゲ ;ﾉデWヴ; IﾗﾏヮﾉWデ;ﾏWﾐデW ﾗ ケ┌W IﾗﾐｴWIWﾏﾗゲ ゲﾗHヴW ﾐ┎ﾏWヴﾗゲく PヴｷﾏWｷヴﾗが ﾗ
ケ┌W ヮﾗSWﾏﾗゲ ;gヴﾏ;ヴ Iﾗﾏ IWヴデW┣;が Y ケ┌W i ﾐ?ﾗ ヮﾗSW ゲWヴ ┌ﾏ ﾐ┎ﾏWヴﾗ ヴW;ﾉが ヮﾗｷゲ ﾐWﾐｴ┌ﾏ ﾐ┎ﾏWヴﾗ ヴW;ﾉ
WﾉW┗;Sﾗ ;ﾗ ケ┌;Sヴ;Sﾗ ヮﾗSWヴｷ; ヴWゲ┌ﾉデ;ヴ Wﾏ ┌ﾏ ﾐ┎ﾏWヴﾗ ﾐWｪ;ピ┗ﾗく M;ゲ ﾃﾗ┗Wﾏが ┌ゲ;ﾐSﾗ W┝;デ;ﾏWﾐデW ;
ﾐﾗデ;N?ﾗ ケ┌W ┌ピﾉｷ┣;ﾏﾗゲ ;Iｷﾏ; ﾐ?ﾗ ｴ= ﾏｷゲデYヴｷﾗ ;ﾉｪ┌ﾏ ﾐ; ┌ピﾉｷ┣;N?ﾗ Sﾗゲ ﾐ┎ﾏWヴﾗゲ IﾗﾏヮﾉW┝ﾗゲく VWﾃ;ぎ

���QUESTÃO ヱ

RWゲﾗﾉ┗WﾐSﾗ ; Wケ┌;N?ﾗ x2 − 4x+ 5 = 0 WﾐIﾗﾐデヴ;ﾏﾗゲ ;ゲ ゲWｪ┌ｷﾐデWゲ ヴ;ｹ┣Wゲぎ

ふ;ぶ 2+ i W 2− iく
ふHぶ 2 W−2く
ふIぶ −2+ i W−2− iく
ふSぶ N?ﾗ ｴ= ヴ;ｹ┣Wゲく

Rぎ áヮﾉｷI;ﾐSﾗ ; aﾙヴﾏ┌ﾉ; SW Bｴ=ゲﾆ;ヴ;が I;ﾉI┌ﾉWﾏﾗゲ ﾗ ∆ SWゲゲ; Wケ┌;N?ﾗぎ
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∆ = b2 − 4ac

= (−4)2 − 4 · 1 · 5

= 16− 20

= −4.

VWﾃ; ケ┌Wが Wﾏ ｪWヴ;ﾉが Sｷヴｹ;ﾏﾗゲ ケ┌W Wゲゲ; Wケ┌;N?ﾗ ﾐ?ﾗ デWﾏ ゲﾗﾉ┌N?ﾗく M;ゲ ﾐ?ﾗ Y HWﾏ ｷゲゲﾗが Y ケ┌W Wﾉ; ﾐ?ﾗ
デWﾏ ゲﾗﾉ┌N?ﾗ ヴW;ﾉぁ M;ゲ Wﾉ; デWﾏ ゲｷﾏ ゲﾗﾉ┌N?ﾗ IﾗﾏヮﾉW┝;く VWﾃ;ぎ

x =
−b±

√
∆

2a

=
−(−4)±

√
−4

2 · 1

=
4±

√
−4

2
.

áｪﾗヴ; ┗Wﾃ; ケ┌Wが ヮWﾉ;ゲ ヮヴﾗヮヴｷWS;SWゲ SW ヴ;SｷIｷ;N?ﾗぎ

√

−4 =
√

4 · (−1)

=
√
4 ·

√

−1

M;ゲ ┗Wﾃ; ケ┌Wが Iﾗﾏﾗ ┗ｷﾏﾗゲ ｴ= ヮﾗ┌Iﾗが i =
√
−1が ﾉﾗｪﾗぎ

= 2i.

Eﾐデ?ﾗが ヮﾗSWﾏﾗゲ IﾗﾐIﾉ┌ｷヴ ケ┌Wぎ

x =
4±

√
−4

2

=
4± 2i

2

= 2± i.

Lﾗｪﾗが ｴ= S┌;ゲ ヴ;ｹ┣Wゲぎ x = 2+ i W x = 2− iく

G;H;ヴｷデﾗぎ A

PWヴIWH; ケ┌Wが Wﾐデ?ﾗが Y ヴW;ﾉﾏWﾐデW ┌ﾏ ;デﾗ ;ヮWﾐ;ゲ SW ┌ゲ;ヴﾏﾗゲ ﾗ a;デﾗ SW ケ┌W i =
√
−1 W ;ゲゲﾗIｷ;ヴﾏﾗゲ

ｷゲゲﾗ <ゲ ヮヴﾗヮヴｷWS;SWゲ SW ヴ;SｷIｷ;N?ﾗく VWﾃ;ﾏﾗゲ ;ｪﾗヴ; ; aﾗヴﾏ; ｪWヴ;ﾉ SW ┌ﾏ ﾐ┎ﾏWヴﾗ IﾗﾏヮﾉW┝ﾗく
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E┝;デ;ﾏWﾐデWが Iﾗヴ┌ﾃｷﾐｴ;ぁ Pヴ;ピI;ﾏWﾐデW ﾐ;S;が
ﾐ;S; SW ﾐﾗ┗ﾗ ヮﾗヴ Wﾐケ┌;ﾐデﾗく Dｷ┣Wヴﾏﾗゲ ケ┌W i =
√
−1 SW a;デﾗ ﾐ?ﾗ ﾏ┌S; ﾏ┌ｷデ; Iﾗｷゲ;く Q┌;ﾐSﾗ ;ヮ;ど

ヴWIWヴWﾏ ヴ;ｹ┣Wゲ ﾐWｪ;ピ┗;ゲが ┗ﾗIZ SW┗Wヴ= ゲWﾏヮヴW ┌ゲ;ヴ
WゲゲW i ヮ;ヴ; WゲIヴW┗Wヴ ﾗゲ ゲW┌ゲ ﾐ┎ﾏWヴﾗゲく Pﾗヴ W┝Wﾏど
ヮﾉﾗが ;ヮ;ヴWIW┌

√
−9 Wﾏ ;ﾉｪ┌ﾏ; Iﾗﾐデ; ゲ┌;が a;N;

√
−9 =

√
9 ·

√
−1 = 3iき SWゲゲ; aﾗヴﾏ;が ; ヴ;ｷ┣ ケ┌;ど

Sヴ;S; SW −9 ゲWヴｷ; 3iく DWゲゲ; aﾗヴﾏ;が ﾐ;S; SW ﾐﾗ┗ﾗ
SW a;デﾗ ;ヮ;ヴWIW┌ ヮ;ヴ; ; ｪWﾐデWく Eゲデ┌S;ヴWﾏﾗゲ ; ゲWｪ┌ｷヴ ┌ﾏ; S;ゲ aﾗヴﾏ;ゲ SW WゲIヴW┗Wヴﾏﾗゲ ┌ﾏ ﾐ┎ﾏWヴﾗ
IﾗﾏヮﾉW┝ﾗく V;ﾏﾗゲ ﾉ=い

Fﾗヴﾏ; ;ﾉｪYHヴｷI;

N┎ﾏWヴﾗゲ IﾗﾏヮﾉW┝ﾗゲ ヮﾗSWﾏ ゲWヴ WゲIヴｷデﾗゲ SW S┌;ゲ aﾗヴﾏ;ゲ SｷaWヴWﾐデWゲぎ ; aﾗヴﾏ; ;ﾉｪYHヴｷI; W aﾗヴﾏ; デヴｷｪﾗど
ﾐﾗﾏYデヴｷI;く Eゲデ┌S;ヴWﾏﾗゲ ヮヴｷﾏWｷヴﾗ ; ゲ┌; aﾗヴﾏ; ;ﾉｪYHヴｷI;が デ;ﾏHYﾏ Iｴ;ﾏ;S; SW aﾗヴﾏ; I;ヴデWゲｷ;ﾐ; SW
┌ﾏ ﾐ┎ﾏWヴﾗ IﾗﾏヮﾉW┝ﾗく Eゲゲ; aﾗヴﾏ; Y S;S; ヮWﾉ; ゲWｪ┌ｷﾐデW Iﾗﾐgｪ┌ヴ;N?ﾗぎ

z = a+ bi, a, b ∈ R

VWﾃ; ;H;ｷ┝ﾗ ;ﾉｪ┌ﾐゲ ﾐ┎ﾏWヴﾗゲ IﾗﾏヮﾉW┝ﾗゲ WゲIヴｷデﾗゲ ﾐ; aﾗヴﾏ; ;ﾉｪYHヴｷI;

z = a+ bi a b

2+ 3i 2 3

−5+ 4i −5 4

4i− 3 −3 4

2+ i 2 1

2− i 2 −1

7i 0 7

3 3 0

1

2
−

√
3

2
i

1

2
−

√
3

2
π−

√
7i π −

√
7

N?ﾗ ｷﾏヮﾗヴデ; ﾗ ケ┌?ﾗ さWゲケ┌ｷゲｷデﾗゲざ WﾉWゲ gケ┌Wﾏき Iﾗﾐデ;ﾐデﾗ ケ┌W a W b ゲWﾃ;ﾏ ﾐ┎ﾏWヴﾗゲ ヴW;ｷゲが a+bi ゲWヴ=
IWヴデ;ﾏWﾐデW ┌ﾏ ﾐ┎ﾏWヴﾗ IﾗﾏヮﾉW┝ﾗく

O ﾐ┎ﾏWヴﾗ a Y ﾗ ケ┌W Iｴ;ﾏ;ﾏﾗゲ SW ; ヮ;ヴデW ヴW;ﾉ SW zく O ﾐ┎ﾏWヴﾗ b Yが Iﾗﾏﾗ ┗ﾗIZ ﾃ= SW┗W ｷﾏ;ｪｷﾐ;ヴが
; ヮ;ヴデW ｷﾏ;ｪｷﾐ=ヴｷ; SW zく
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á ヮ;ヴデW ヴW;ﾉ SW ┌ﾏ ﾐ┎ﾏWヴﾗ IﾗﾏヮﾉW┝ﾗ z ヮﾗSW ゲWヴ ヴWヮヴWゲWﾐデ;S; ヮWﾉ;ゲ ゲWｪ┌ｷﾐデWゲ ﾐﾗデ;NﾛWゲぎ R(z) ﾗ┌
RW(z)く J= ; ヮ;ヴデW ｷﾏ;ｪｷﾐ=ヴｷ; ヮﾗSW ゲWヴ ヴWヮヴWゲWﾐデ;S; ヮﾗヴぎ I(z) ﾗ┌ Iﾏ(z)く

Q┌;ﾐSﾗ ┌ﾏ ﾐ┎ﾏWヴﾗ IﾗﾏヮﾉW┝ﾗ z ヮﾗゲゲ┌ｷ ヮ;ヴデW ヴW;ﾉ ﾐ┌ﾉ; W ヮ;ヴデW ｷﾏ;ｪｷﾐ=ヴｷ; ﾐ?ﾗどﾐ┌ﾉ; ふｷゲデﾗ Yが RW(z) =

0 W Iﾏ(z) ̸= 0ぶ WﾉW Y Iｴ;ﾏ;Sﾗ SW ┌ﾏ ﾐ┎ﾏWヴﾗ ｷﾏ;ｪｷﾐ=ヴｷﾗ ヮ┌ヴﾗく S?ﾗ ﾗゲ I;ゲﾗゲ SW z = 7i ﾗ┌ z = −
1

2
iが

ヮﾗヴ W┝Wﾏヮﾉﾗく Eﾏ ;ﾏHﾗゲ デWﾏﾗゲ a = 0 W b ̸= 0く C;ゲﾗ WﾉW ヮﾗゲゲ┌; ヮ;ヴデW ｷﾏ;ｪｷﾐ=ヴｷ; ﾐ┌ﾉ;が ﾗ ﾐ┎ﾏWヴﾗ ゲWヴ=
Iｴ;ﾏ;Sﾗ SW ┌ﾏ ﾐ┎ﾏWヴﾗ ヴW;ﾉ ヮ┌ヴﾗく É ﾗ I;ゲﾗ SW デﾗSﾗゲ ﾗゲ WﾉWﾏWﾐデﾗゲ SW Rぎ −2が πが WデIく

Iゲゲﾗ ﾐﾗゲ ヮWヴﾏｷデW IﾗﾐIﾉ┌ｷヴ ﾗ ゲWｪ┌ｷﾐデWぎ

TﾗSﾗ ﾐ┎ﾏWヴﾗ ヴW;ﾉ Y IﾗﾏヮﾉW┝ﾗが ﾏ;ゲ ﾐWﾏ デﾗSﾗ IﾗﾏヮﾉW┝ﾗ Y ヴW;ﾉく

VWﾃ;ﾏﾗゲ ┌ﾏ W┝Wﾏヮﾉﾗ SW ;ヮﾉｷI;N?ﾗ SｷヴWデ; SWゲゲW IﾗﾐIWｷデﾗぎ

���ふEEARどヲヰヰヱぶ QUESTÃO ヲ

SWﾃ;m ∈ Rく P;ヴ; ケ┌W ﾗ ヮヴﾗS┌デﾗ (2+mi) · (3+ i) ゲWﾃ; ┌ﾏ ﾐ┎ﾏWヴﾗ ｷﾏ;ｪｷﾐ=ヴｷﾗ ヮ┌ヴﾗが ﾗ ┗;ﾉﾗヴ SWm
SW┗W ゲWヴ

ふ;ぶ 5
ふHぶ 6
ふIぶ 7
ふSぶ 8

Rぎ EaWデ┌;ﾐSﾗ ; ﾏ┌ﾉピヮﾉｷI;N?ﾗぎ

(2+mi) · (3+ i) = 6+ 2i+ 3mi+mi2

= 6+ 2i+ 3mi−m

= (6−m) + (2+ 3m)i.

P;ヴ; ケ┌W ゲWﾃ; ｷﾏ;ｪｷﾐ=ヴｷﾗ ヮ┌ヴﾗが H;ゲデ;ヴ= ケ┌W 6−m ゲWﾃ; ﾐ┌ﾉﾗが ｷゲデﾗ Yがm = 6く

G;H;ヴｷデﾗぎ B

Α
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MﾙS┌ﾉﾗ SW ┌ﾏ ﾐ┎ﾏWヴﾗ IﾗﾏヮﾉW┝ﾗ

CﾗﾐゲｷSWヴW z = a + bi ┌ﾏ ﾐ┎ﾏWヴﾗ IﾗﾏヮﾉW┝ﾗ ケ┌;ﾉケ┌Wヴく áヮヴWﾐSWヴWﾏﾗゲ ;ｪﾗヴ; ; I;ﾉI┌ﾉ;ヴ ﾗ ﾏﾙS┌ﾉﾗ
SWゲゲW ﾐ┎ﾏWヴﾗ IﾗﾏヮﾉW┝ﾗく Uピﾉｷ┣;どゲW ; ﾉWデヴ; ｪヴWｪ; ρ ふﾉZどゲW ざヴｴﾚざぶ ﾗ┌ ﾗ ゲｹﾏHﾗﾉﾗ |z| ヮ;ヴ; ｷSWﾐピgI;ヴﾏﾗゲ
WゲゲW ﾏﾙS┌ﾉﾗく V;ﾏﾗゲ Wﾐデ?ﾗ < SWgﾐｷN?ﾗく

DWgﾐWどゲW ﾗﾏﾙS┌ﾉﾗ SW z Iﾗﾏﾗ ﾗ ﾐ┎ﾏWヴﾗ ヴW;ﾉ ﾐ?ﾗどﾐWｪ;ピ┗ﾗ |z| デ;ﾉ ケ┌Wぎ

|z| =
√

a2 + b2

VWﾃ;ﾏﾗゲ ┌ﾏ W┝Wﾏヮﾉﾗ SｷヴWデﾗ SWゲゲ; ;ヮﾉｷI;N?ﾗく

���QUESTÃO ン

CﾗﾐゲｷSWヴW ﾗゲ ゲWｪ┌ｷﾐデWゲ ﾐ┎ﾏWヴﾗゲ IﾗﾏヮﾉW┝ﾗゲぎ z1 = 3+ 4iが z2 = 5− 12i W z3 = −8+ 15iく PﾗSWﾏﾗゲ
;gヴﾏ;ヴ ケ┌Wぎ

ふ;ぶ |z1| < |z2| < |z3|

ふHぶ |z1| > |z2| > |z3|

ふIぶ |z1| < |z2| W |z2| > |z3|

ふSぶ |z1| > |z2| W |z2| < |z3|

Rぎ B;ゲデ; ;ヮﾉｷI;ヴﾏﾗゲ SｷヴWデ;ﾏWﾐデW ; aﾙヴﾏ┌ﾉ; ;ヮヴWゲWﾐデ;S; ヮ;ヴ; ﾗ I=ﾉI┌ﾉﾗ Sﾗ ﾏﾙS┌ﾉﾗく C;ﾉI┌ﾉ;ﾐSﾗ |z1|ぎ

|z1| =
√

32 + 42

=
√

9+ 16

=
√
25

= 5.

C;ﾉI┌ﾉ;ﾐSﾗ |z2|

|z2| =
√

52 + (−12)2

=
√

25+ 144

=
√
169

= 13.
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Pﾗヴ gﾏが I;ﾉI┌ﾉ;ﾐSﾗ |z3|ぎ

|z3| =
√

(−8)2 + 152

=
√

64+ 225

=
√
289

= 17.

Vｷゲデﾗ ケ┌W 5 < 13 < 17が デWﾏﾗゲ |z1| < |z2| < |z3|く

G;H;ヴｷデﾗぎ A

H;ｴ;が I;ﾉﾏ;が Iﾗヴ┌ﾃ;ぁ É Iﾉ;ヴﾗ ケ┌W デW┗W ┌ﾏ;ﾏﾗピど
┗;N?ﾗ ｷﾐｷIｷ;ﾉ ヮ;ヴ; ケ┌W g┣WゲゲWﾏ Wゲゲ; W┝ヮヴWゲゲ?ﾗ S;
aﾗヴﾏ; ケ┌W aﾗｷ aWｷデ;く M;ゲ ヮﾗヴ Wﾐケ┌;ﾐデﾗが ﾐﾗゲ ｷﾏど
ヮﾗヴデ; ;ヮWﾐ;ゲ ; W┝ヮヴWゲゲ?ﾗ W ゲ;HWヴ ┌ピﾉｷ┣=どﾉ; ;ﾉｪWHヴｷど
I;ﾏWﾐデWく M;ゲ ┗;ﾉW ; ｪWﾐデW ゲ;HWヴ SW ;ﾐデWﾏ?ﾗ ケ┌W
; ﾏﾗピ┗;N?ﾗ ヴW;ﾉ S; W┝ヮヴWゲゲ?ﾗ |z| =

√

a2 + b2 Y
ŐĞŽŵĠƚƌŝĐĂく Aゲゲｷﾏ ケ┌W デWヴﾏｷﾐ;ヴﾏﾗゲ SW ﾏWﾐIｷﾗど
ﾐ;ヴ ;ゲ ヮヴｷﾐIｷヮ;ｷゲ ﾗヮWヴ;NﾛWゲ WﾐデヴW IﾗﾏヮﾉW┝ﾗゲが Sｷゲど

I┌ピヴWﾏﾗゲ ゲﾗHヴW ;ゲ ヮヴﾗヮヴｷWS;SWゲ ;ﾉｪYHヴｷI;ゲ SﾗﾏﾙS┌ﾉﾗ SW ┌ﾏ ﾐ┎ﾏWヴﾗ IﾗﾏヮﾉW┝ﾗく V;ﾏﾗゲ ﾉ=が Wﾐデ?ﾗい
Aｪﾗヴ; ;ヮヴWﾐSWヴWﾏﾗゲ ; ﾗヮWヴ;ヴ WﾐデヴW IﾗﾏヮﾉW┝ﾗゲく

ヱくヲ Oö°ú̇ßî°þ æêâ ã"â°úêþ æêâöÛ°1êþ

ASｷN?ﾗっゲ┌Hデヴ;N?ﾗ

N?ﾗ ｴ= ﾏｷゲデYヴｷﾗゲ ;ケ┌ｷく áSｷIｷﾗﾐ;ヴ ﾗ┌ ゲ┌Hデヴ;ｷヴ ﾐ┎ﾏWヴﾗゲ IﾗﾏヮﾉW┝ﾗゲ Y ;SｷIｷﾗﾐ;ヴ ﾗ┌ ゲ┌Hデヴ;ｷヴ ﾗゲ デWヴﾏﾗゲ
ゲWﾏWﾉｴ;ﾐデWゲが ゲｷﾏヮﾉWゲﾏWﾐデWく VWﾃ;ぎ

���QUESTÃO ヴ

CﾗﾐゲｷSWヴW ﾗゲ IﾗﾏヮﾉW┝ﾗゲ z1 = 3+24iが z2 = 7+26i W z3 = 1+10iく PﾗSWﾏﾗゲ ;gヴﾏ;ヴ ケ┌W |z1+z2−z3|

┗;ﾉWぎ

ふ;ぶ 41
ふHぶ 46

Γ
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ふIぶ 49
ふSぶ 51

Rぎ F;N;ﾏﾗゲ ヮヴｷﾏWｷヴﾗ ﾗ I=ﾉI┌ﾉﾗ Sﾗ IﾗﾏヮﾉW┝ﾗ ヮヴﾗヮﾗゲデﾗぎ

z1 + z2 − z3 = 3+ 24i+ 7+ 26i− (1+ 10i)

= 10+ 50i− 1− 10i

= 9+ 40i

C;ﾉI┌ﾉ;ﾐSﾗ ﾗ ﾏﾙS┌ﾉﾗぎ

|z1 + z2 − z3| =
√

92 + 402

=
√

81+ 1600

=
√
1681

= 41.

G;H;ヴｷデﾗぎ A

M┌ﾉピヮﾉｷI;N?ﾗ

B;ゲデ; ゲWﾏヮヴW ﾉW┗;ヴﾏﾗゲ Wﾏ Iﾗﾐデ; ケ┌W i2 = −1 W ﾐﾗゲ ﾉWﾏHヴ;ヴﾏﾗゲ S;ゲ ヮヴﾗヮヴｷWS;SWゲ SｷゲデヴｷH┌ピ┗;ゲ S;
ﾏ┌ﾉピヮﾉｷI;N?ﾗく V;ﾏﾗゲ ﾉ=が ┗Wﾃ;ﾏﾗゲ ┌ﾏ W┝Wﾏヮﾉﾗく

���QUESTÃO ヵ

áIWヴI; Sﾗ ﾐ┎ﾏWヴﾗ (2+ 3i)(7− 4i) − 26が ヮﾗSWﾏﾗゲ ;gヴﾏ;ヴ ケ┌W ゲW デヴ;デ; SW ┌ﾏ

ふ;ぶ ﾐ┎ﾏWヴﾗ ｷﾏ;ｪｷﾐ=ヴｷﾗ ヮ┌ヴﾗ
ふHぶ ﾐ┎ﾏWヴﾗ ヴW;ﾉ ヮ┌ヴﾗ
ふIぶ ﾐ┎ﾏWヴﾗ IﾗﾏヮﾉW┝ﾗ SW ﾏﾙS┌ﾉﾗ

√
13

ふSぶ ﾐ┎ﾏWヴﾗ IﾗﾏヮﾉW┝ﾗ SW ﾏﾙS┌ﾉﾗ ﾐ┌ﾉﾗ

Rぎ EaWデ┌;ﾐSﾗ ; Iﾗﾐデ;ぎ

ヱヰ
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(2+ 3i)(7− 4i) − 26 = 14− 8i+ 21i− 12 · i2 − 26

= 14+ 13i+ 12− 26

= 13i.

Lﾗｪﾗが Iﾗﾏﾗ ; ヮ;ヴデW ヴW;ﾉ Y ﾐ┌ﾉ;が デヴ;デ;どゲW SW ┌ﾏ ﾐ┎ﾏWヴﾗ ｷﾏ;ｪｷﾐ=ヴｷﾗ ヮ┌ヴﾗく

G;H;ヴｷデﾗぎ A

PﾗデWﾐIｷ;N?ﾗ

H= Sﾗｷゲ ピヮﾗゲ SW ヮﾗデWﾐIｷ;N?ﾗ ケ┌W ゲ?ﾗ IﾗHヴ;S;ゲ Iﾗﾏ aヴWケ┌ZﾐIｷ; ﾐﾗゲ ﾏ;ｷゲ Sｷ┗Wヴゲﾗゲ IﾗﾐI┌ヴゲﾗゲ W ケ┌W
ゲWヴ?ﾗ Wゲデ┌S;S;ゲ ;ｪﾗヴ;く Uﾏ デWヴIWｷヴﾗ ピヮﾗ ケ┌W ┗WヴWﾏﾗゲ WﾏHヴW┗W ゲﾙ ヮﾗSWヴ= ゲWヴ ヮﾗゲゲｹ┗Wﾉ ┌ピﾉｷ┣;ヴ ケ┌;ﾐSﾗ
Wゲデ┌S;ヴﾏﾗゲ ; Iｴ;ﾏ;S; aﾗヴﾏ; デヴｷｪﾗﾐﾗﾏYデヴｷI; SW ┌ﾏ ﾐ┎ﾏWヴﾗ IﾗﾏヮﾉW┝ﾗく M;ゲ ヮﾗヴ ﾗヴ;が ┗Wﾃ;ﾏﾗゲ Wゲゲ;ゲ
S┌;ゲ ヮヴｷﾏWｷヴ;ゲ aﾗヴﾏ;ゲ SW ヮﾗデWﾐIｷ;N?ﾗく

PヴｷﾏWｷヴﾗが ;ヮヴWﾐSWヴWﾏﾗゲ ; I;ﾉI┌ﾉ;ヴ ヮﾗデZﾐIｷ;ゲ Sﾗ ピヮﾗ ikが Iﾗﾏ k ∈ Z+く

P;ヴ; WaWデ┌;ヴﾏﾗゲ デ;ﾉ ヮﾗデZﾐIｷ;が H;ゲデ; Sｷ┗ｷSｷヴﾏﾗゲ ﾗ W┝ヮﾗWﾐデW S; ヮﾗデZﾐIｷ; ヮﾗヴ ケ┌;デヴﾗ

W ゲ┌Hゲピデ┌ｷヴﾏﾗゲ ﾗ W┝ヮﾗWﾐデW ヮWﾉﾗ ヴWゲデﾗ S; Sｷ┗ｷゲ?ﾗ WaWデ┌;S;く

Iゲゲﾗ ;IﾗﾐデWIW ヮﾗヴケ┌W ;ゲ ヮﾗデZﾐIｷ;ゲ SW i ゲW ヴWヮWデWﾏ Wﾏ IｷIﾉﾗゲ SW ケ┌;デヴﾗ ヮﾗデZﾐIｷ;ゲく VWﾃ;く
S;HWﾏﾗゲ ケ┌W i0 = 1が IWヴデﾗい E ケ┌W i1 = iく T;ﾏHYﾏ ゲ;HWﾏﾗゲが ヮWﾉ; SWgﾐｷN?ﾗ SW ﾐ┎ﾏWヴﾗ IﾗﾏヮﾉW┝ﾗが

ケ┌W i2 = −1く Eﾐデ?ﾗぎ

i3 = i2 · i

= (−1) · i

= −i.

C;ﾉI┌ﾉ;ﾏﾗゲ Wﾐデ?ﾗ ケ┌W i3 = −iく áｪﾗヴ;が I;ﾉI┌ﾉWﾏﾗゲ i4ぎ

i4 = i2 · i2

= (−1) · (−1)

ヱヱ
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= 1.

VWﾃ; Wﾐデ?ﾗ ケ┌W i4 ヴWデﾗヴﾐ; ヮ;ヴ; ﾗ ﾏWゲﾏﾗ ┗;ﾉﾗヴ ケ┌W i0く
Eﾐデ?ﾗが デWﾏﾗゲ ﾗ ゲWｪ┌ｷﾐデW IｷIﾉﾗ ヮ;ヴ; ;ゲ ヮﾗデZﾐIｷ;ゲ SW iぎ

VWﾃ;ﾏﾗゲ Iﾗﾏﾗ ヮﾗSWﾏﾗゲ ┌ピﾉｷ┣;ヴ WゲゲW a;デﾗ ヮ;ヴ; ヴWゲﾗﾉ┗Wヴﾏﾗゲ ケ┌WゲデﾛWゲ

���ふESSAどヲヰヱヴぶ QUESTÃO ヶ

O ﾐ┎ﾏWヴﾗ IﾗﾏヮﾉW┝ﾗ i102が ﾗﾐSW i ヴWヮヴWゲWﾐデ; ; ┌ﾐｷS;SW ｷﾏ;ｪｷﾐ=ヴｷ;が

ふ;ぶ Y ヮﾗゲｷピ┗ﾗく
ふHぶ Y ｷﾏ;ｪｷﾐ=ヴｷﾗ ヮ┌ヴﾗく
ふIぶ Y ヴW;ﾉく
ふSぶ Wゲデ= ﾐ; aﾗヴﾏ; デヴｷｪﾗﾐﾗﾏYデヴｷI;く
ふWぶ Wゲデ= ﾐ; aﾗヴﾏ; ;ﾉｪYHヴｷI;く

Rぎ B;ゲデ; Sｷ┗ｷSｷヴﾏﾗゲ ﾗ W┝ヮﾗWﾐデW ヮﾗヴ 4 W ゲ┌Hゲピデ┌ｷヴﾏﾗゲ ﾗ W┝ヮﾗWﾐデW ヮWﾉﾗ ヴWゲデﾗ S; Sｷ┗ｷゲ?ﾗが Iﾗﾏﾗ
;I;H;ﾏﾗゲ SW ┗Wヴぎ

ヱ ヰ ヲ
ヲ ヲ
ヲ

ヴ
ヲ ヵ

Eﾐデ?ﾗぎ

i102 = i2

= −1.

Tヴ;デ;どゲWが ヮﾗヴデ;ﾐデﾗが SW ┌ﾏ ﾐ┎ﾏWヴﾗ ヴW;ﾉく

G;H;ヴｷデﾗぎ C

ヱヲ
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Eゲゲ; Yが Wﾐデ?ﾗが ┌ﾏ;ゲ S;ゲ aﾗヴﾏ;ゲ ケ┌W デWﾏﾗゲSW I;ﾉI┌ﾉ;ヴﾏﾗゲヮﾗデZﾐIｷ;ゲ SW IﾗﾏヮﾉW┝ﾗゲく á ﾗ┌デヴ; ふW┝IWデ┌;ﾐSﾗど
ゲW ;ケ┌Wﾉ; ケ┌W ┗WヴWﾏﾗゲ ゲﾗﾏWﾐデW ﾐﾗ ヮヴﾙ┝ｷﾏﾗ I;ヮｹデ┌ﾉﾗぶ Y H;ゲデ;ﾐデW WゲヮWIｹgI;ぎ デヴ;デ;どゲW S;ゲ ヮﾗデZﾐIｷ;ゲ
Sﾗ IﾗﾏヮﾉW┝ﾗ 1+ iく P;ヴ; ｷゲデﾗが ﾗHゲWヴ┗W ﾗ ケ┌W ;IﾗﾐデWIW ケ┌;ﾐSﾗ I;ﾉI┌ﾉ;ヴﾏﾗゲ (1+ i)2ぎ

(1+ i)2 = 1+ 2i+ i2

(1+ i)2 = 1+ 2i− 1

(1+ i)2 = 2i.

áｪﾗヴ; ┗Wﾃ; Iﾗﾏﾗ ヮﾗSWﾏﾗゲ ┌ピﾉｷ┣;ヴ WゲゲW ヴWゲ┌ﾉデ;Sﾗ ヮ;ヴ; ヴWゲﾗﾉ┗Wヴﾏﾗゲ ケ┌WゲデﾛWゲく

���QUESTÃO Α

C;ﾉI┌ﾉW ﾗ ┗;ﾉﾗヴ Sﾗ ﾏﾙS┌ﾉﾗ Sﾗ IﾗﾏヮﾉW┝ﾗ z =
(4+ 4i)100

2250
く

ふ;ぶ 0
ふHぶ 1
ふIぶ 2
ふSぶ 3

Rぎ PヴｷﾏWｷヴﾗが ﾗHゲWヴ┗W ﾗ ケ┌W ヮﾗSWﾏﾗゲ a;┣Wヴ Iﾗﾏ ﾗ ﾐ┌ﾏWヴ;Sﾗヴ S; W┝ヮヴWゲゲ?ﾗ S;S;が ｷﾐｷIｷ;ﾉﾏWﾐデW
IﾗﾉﾗI;ﾐSﾗ ﾗ 4 Wﾏ W┗ｷSZﾐIｷ;ぎ

(4+ 4i)100 = [4 · (1+ i)]100

= 4100 · (1+ i)100

= (22)100 · (1+ i)2·50

= 2200 · (1+ i)2·50

= 2200 · [(1+ i)2]50

= 2200 · (2i)50

= 2200 · 250 · i50

= 2250 · i50

VWﾃ; ケ┌W 50 Sｷ┗ｷSｷSﾗ ヮﾗヴ 4 SWｷ┝; ヴWゲデﾗ 2が ﾉﾗｪﾗぎ

(4+ 4i)100 = 2250 · i2

= 2250 · (−1).
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S┌Hゲピデ┌ｷﾐSﾗ ﾐ; W┝ヮヴWゲゲ?ﾗ ;ヮヴWゲWﾐデ;S;ぎ

z =
(4+ 4i)100

2250

=
2250 · (−1)

2250

= −1.

áゲゲｷﾏが デWﾏﾗゲぎ |z| = |− 1| = 1く

G;H;ヴｷデﾗぎ B

Cﾗﾐﾃ┌ｪ;Sﾗ SW ┌ﾏ ﾐ┎ﾏWヴﾗ IﾗﾏヮﾉW┝ﾗ

O Iﾗﾐﾃ┌ｪ;Sﾗ SW ┌ﾏ ﾐ┎ﾏWヴﾗ IﾗﾏヮﾉW┝ﾗ z = a+ bi Y ﾗ IﾗﾏヮﾉW┝ﾗぎ

z̄ = a− bi

VWﾃ; ケ┌W ヮ;ヴ; ｷSWﾐピgI;ヴﾏﾗゲ ﾗ Iﾗﾐﾃ┌ｪ;Sﾗ SW ┌ﾏ ﾐ┎ﾏWヴﾗ IﾗﾏヮﾉW┝ﾗ ケ┌;ﾉケ┌Wヴが SWゲWﾐｴ;どゲW ┌ﾏ;
ﾉｷﾐｴ; ｴﾗヴｷ┣ﾗﾐデ;ﾉ ゲﾗHヴW ﾗ ﾐ┎ﾏWヴﾗ IﾗﾏヮﾉW┝ﾗく M┌ｷデ;ゲ ┗W┣Wゲ デ;ﾏHYﾏ ゲW ┌ピﾉｷ┣; ; ﾐﾗデ;N?ﾗ SW ﾉｷﾐｴ;が ｷゲデﾗ Yが
z ′く

VWﾃ;ﾏﾗゲ ;ﾉｪ┌ﾐゲ W┝Wﾏヮﾉﾗくゲ Uピﾉｷ┣;ヴWｷ ; デ;HWﾉ; ;ﾐ;ﾉｷゲ;S; ;ﾐデWヴｷﾗヴﾏWﾐデW ヮ;ヴ; ﾐﾗゲ ;ﾃ┌S;ヴ ﾐﾗ I=ﾉI┌ﾉﾗ
SW ;ﾉｪ┌ﾐゲ Iﾗﾐﾃ┌ｪ;Sﾗゲぎ

z = a+ bi a b z̄ = a− bi

2+ 3i 2 3 2− 3i

−5+ 4i −5 4 −5− 4i

4i− 3 −3 4 −4i− 3

2+ i 2 1 2− i

2− i 2 −1 2+ i

7i 0 7 −7i

3 3 0 3

1

2
−

√
3

2
i

1

2
−

√
3

2

1

2
+

√
3

2
i

π−
√
7i π −

√
7 π+

√
7i
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áIｷﾏ; ┗Wﾏﾗゲが ﾐ; ┎ﾉピﾏ; Iﾗﾉ┌ﾐ;が ﾗ Iﾗﾐﾃ┌ｪ;Sﾗ Sﾗ IﾗﾏヮﾉW┝ﾗ ヮヴWゲWﾐデW ﾐ; ヮヴｷﾏWｷヴ; Iﾗﾉ┌ﾐ;く VWﾃ; ケ┌W
;ﾗ I;ﾉI┌ﾉ;ヴﾏﾗゲ ﾗ Iﾗﾐﾃ┌ｪ;Sﾗが ﾗ ケ┌W ヴW;ﾉﾏWﾐデW ゲW ;ﾉデWヴ; Y ﾗ ゲｷﾐ;ﾉ S; ヮ;ヴデW ｷﾏ;ｪｷﾐ=ヴｷ;く

Uﾏ a;デﾗ ｷﾏヮﾗヴデ;ﾐデW ゲﾗHヴW ﾗ Iﾗﾐﾃ┌ｪ;Sﾗ SW ┌ﾏ ﾐ┎ﾏWヴﾗ IﾗﾏヮﾉW┝ﾗ Y ﾗ ケ┌W ;IﾗﾐデWIW ケ┌;ﾐSﾗ ﾏ┌ﾉピど
ヮﾉｷI;ﾏﾗゲ ┌ﾏ ﾐ┎ﾏWヴﾗ IﾗﾏヮﾉW┝ﾗ ケ┌;ﾉケ┌Wヴ ヮWﾉﾗ ゲW┌ ヮヴﾙヮヴｷﾗ Iﾗﾐﾃ┌ｪ;Sﾗく VWﾃ;ぎ

CﾗﾐゲｷSWヴW ┌ﾏ IﾗﾏヮﾉW┝ﾗ z = a+ biく Eﾐデ?ﾗ z̄ = a− biが S;ｹぎ

z · z̄ = (a+ bi) · (a− bi)

= a2 − abi+ abi− b2i2

= a2 − b2 · (−1)

= a2 + b2.

E ┗Wﾃ; ケ┌Wぎ

|z| =
√

a2 + b2

|z|2 = a2 + b2.

Lﾗｪﾗが ヮﾗSWﾏﾗゲ ;gヴﾏ;ヴ ケ┌Wぎ

z · z̄ = |z|2

Iゲゲﾗ ケ┌Wヴ Sｷ┣Wヴ ケ┌W ┌ﾏ ﾐ┎ﾏWヴﾗ IﾗﾏヮﾉW┝ﾗ ﾏ┌ﾉピヮﾉｷI;Sﾗ ヮWﾉﾗ ゲW┌ Iﾗﾐﾃ┌ｪ;Sﾗ Y ゲWﾏヮヴW ｷｪ┌;ﾉ ;ﾗ ケ┌;ど
Sヴ;Sﾗ SW ゲW┌ ﾏﾙS┌ﾉﾗく Iゲゲﾗ デWﾏ ┌ﾏ; ┌ピﾉｷS;SW ｪヴ;ﾐSW ﾐ; ｴﾗヴ; SW Sｷ┗ｷSｷヴﾏﾗゲ ﾐ┎ﾏWヴﾗゲ IﾗﾏヮﾉW┝ﾗゲが ケ┌W
Y ﾗ ケ┌W ┗WヴWﾏﾗゲ ; ゲWｪ┌ｷヴく

Sｷﾏが ﾏ;ゲ ﾐ?ﾗ ケ┌;ﾉケ┌Wヴ ゲｷﾐ;ﾉぁ TWﾏﾗゲ SW デヴﾗI;ヴ
ﾗ ゲｷﾐ;ﾉ S; ヮ;ヴデW ｷﾏ;ｪｷﾐ=ヴｷ;ぁ PWヴIWH; ケ┌W ﾐ┎ﾏWど
ヴﾗゲ ヴW;ｷゲ ヮ┌ヴﾗゲが ヮﾗヴ ﾐ?ﾗ デWヴWﾏ ヮ;ヴデWゲ ｷﾏ;ｪｷﾐ=ヴｷ;ゲが
NÃO ゲW ;ﾉデWヴ;ﾏ ケ┌;ﾐSﾗ I;ﾉI┌ﾉ;ﾏﾗゲ ゲW┌ゲ Iﾗﾐﾃ┌ｪ;ど
Sﾗゲく Eﾐデ?ﾗが ゲW W┌ デW ヮWSｷヴ ヮ;ヴ; I;ﾉI┌ﾉ;ヴ ﾗ Iﾗﾐﾃ┌ど
ｪ;Sﾗ SW z = 7が デWヴWﾏﾗゲ z̄ = 7く Eﾐデ?ﾗが ﾐ?ﾗ ヮﾗSW
ゲWヴ ケ┌;ﾉケ┌Wヴ ゲｷﾐ;ﾉく TWﾏSW ゲWヴ ﾗ ゲｷﾐ;ﾉ S; ヮ;ヴデW ｷﾏ;ど
ｪｷﾐ=ヴｷ;が ケ┌;ﾐSﾗ ｴﾗ┌┗Wヴく T┌Sﾗ HWﾏい Eﾐデ?ﾗ ┗;ﾏﾗゲ

ﾉ=が ヮ;ヴ; ; Sｷ┗ｷゲ?ﾗ WﾐデヴW ﾐ┎ﾏWヴﾗゲ IﾗﾏヮﾉW┝ﾗゲく Sｷｪ;ﾏﾗゲぁ
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Dｷ┗ｷゲ?ﾗ

Iﾏ;ｪｷﾐW ケ┌W ケ┌Wｷヴ;ﾏﾗゲ Sｷ┗ｷSｷヴ ﾗ IﾗﾏヮﾉW┝ﾗ z1 ヮWﾉﾗ IﾗﾏヮﾉW┝ﾗ z2が Iﾗﾏ z2 ̸= 0く Eﾐデ?ﾗが ﾐ; ┗WヴS;SWが
Wゲデ;ﾏﾗゲ ケ┌WヴWﾐSﾗ I;ﾉI┌ﾉ;ヴ ﾗ ヴWゲ┌ﾉデ;Sﾗ S; ﾗヮWヴ;N?ﾗぎ z1

z2
く P;ヴ; a;┣Wヴﾏﾗゲ ｷゲゲﾗが H;ゲデ; ﾏ┌ﾉピヮﾉｷI;ヴﾏﾗゲ ﾗ

ﾐ┌ﾏWヴ;Sﾗヴ W ﾗ SWﾐﾗﾏｷﾐ;Sﾗヴ SWゲゲ; aヴ;N?ﾗ ヮﾗヴ z̄2が ｷゲデﾗ Yが ヮWﾉﾗ Iﾗﾐﾃ┌ｪ;Sﾗ SW z2く VWﾃ;ﾏﾗゲ ┌ﾏ W┝Wﾏヮﾉﾗぎ

���QUESTÃO Β

á ヮ;ヴデW ヴW;ﾉ Sﾗ IﾗﾏヮﾉW┝ﾗ z =
2+ 3i

1− 5i
Y ﾗ ﾐ┎ﾏWヴﾗ ヴW;ﾉぎ

ふ;ぶ 1

2

ふHぶ −1

2
ふIぶ 2
ふSぶ −2

Rぎ F;N;ﾏﾗゲ ﾗ ケ┌W aﾗｷ ゲ┌ｪWヴｷSﾗが ｷゲデﾗ Yが WaWデ┌Wﾏﾗゲ ﾗ ヮヴﾗS┌デﾗ Sﾗ ﾐ┌ﾏWヴ;Sﾗヴ W ヮWﾉﾗ SWﾐﾗﾏｷﾐ;Sﾗヴ
ヮWﾉﾗ Iﾗﾐﾃ┌ｪ;Sﾗ SW 1− 5iぎ

z =
2+ 3i

1− 5i

=
(2+ 3i)(1+ 5i)

(1− 5i)(1+ 5i)

=
2+ 10i+ 3i+ 15i2

12 + 52

=
2+ 10i+ 3i− 15

1+ 25

=
−13+ 13i

26

=
−13

26
+

13

26
i

= −
1

2
+

1

2
i.

Lﾗｪﾗが RW(z) = −
1

2
く

G;H;ヴｷデﾗぎ B
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ヱくン PÛ̇ãê -° áúÂ̇ã-どĠ þþ

LWﾏHヴ; ケ┌W ﾉ= ﾐﾗ ｷﾐｹIｷﾗ SW ﾐﾗゲゲﾗ ﾉｷ┗ヴﾗ WﾉWデヴﾚﾐｷIﾗ IｴWｪ┌Wｷ ; ﾏWﾐIｷﾗﾐ;ヴ ケ┌W ; aﾗヴﾏ; ;ﾉｪYHヴｷI; SW
┌ﾏ ﾐ┎ﾏWヴﾗ IﾗﾏヮﾉW┝ﾗ デ;ﾏHYﾏ ヮﾗSW ゲWヴ Iｴ;ﾏ;S; SW ; aﾗヴﾏ; I;ヴデWゲｷ;ﾐ;い áｪﾗヴ; ┗ﾗIZ デWヴ= ┌ﾏ; ﾐﾗN?ﾗ
HWﾏ ﾏWﾉｴﾗヴ Sﾗ ヮﾗヴケ┌Zく V;ﾏﾗゲ ﾉ=が Wﾐデ?ﾗく

O ヮﾉ;ﾐﾗ SW áヴｪ;ﾐSどG;┌ゲゲ Y ┌ﾏ ヮﾉ;ﾐﾗ I;ヴデWゲｷ;ﾐﾗ Iﾗﾏﾗ ﾗ ;H;ｷ┝ﾗぎ
Im

Re

VWﾃ; ケ┌W ﾐ?ﾗ デWﾏﾗゲ ﾏ;ｷゲ ┌ﾏ Wｷ┝ﾗ xが ﾏ;ゲ ゲｷﾏ ┌ﾏ Wｷ┝ﾗ ヴW;ﾉき デ;ﾏHYﾏ ﾐ?ﾗ デWﾏﾗゲ ﾏ;ｷゲ ┌ﾏ Wｷ┝ﾗ
yが デWﾏﾗゲ ┌ﾏ Wｷ┝ﾗ ｷﾏ;ｪｷﾐ=ヴｷﾗく É H;ゲデ;ﾐデW a=Iｷﾉ SW ┌ピﾉｷ┣;ヴが ﾐ; ┗WヴS;SWく Pﾗヴ W┝Wﾏヮﾉﾗく ゲ┌ヮﾗﾐｴ; ケ┌W
ケ┌Wｷヴ;ﾏﾗゲ ヴWヮヴWゲWﾐデ;ヴが ﾐﾗ ヮﾉ;ﾐﾗが ﾗ IﾗﾏヮﾉW┝ﾗ z = 4+ 5iく VWﾃ; Iﾗﾏﾗ ヮﾗSWﾏﾗゲ a;┣Wヴ ｷゲゲﾗぎ

Im

Re
4

5

z

A

VZ ﾗ ケ┌W g┣Wﾏﾗゲい Nﾗ Wｷ┝ﾗ ヴW;ﾉ ﾏ;ヴI;ﾏﾗゲ ; ヮ;ヴデW ヴW;ﾉ SW z ふケ┌W Y 4ぶき ﾐﾗ Wｷ┝ﾗ ｷﾏ;ｪｷﾐ=ヴｷﾗ ﾏ;ヴI;ﾏﾗゲ
; ヮ;ヴデW ｷﾏ;ｪｷﾐ=ヴｷ; SW z ふケ┌W Y 5ぶく

O ヮﾗﾐデﾗ A Y ┌ﾏ ヮﾗﾐデﾗ Iｴ;ﾏ;Sﾗ SW ;g┝ﾗ Sﾗ ﾐ┎ﾏWヴﾗ IﾗﾏヮﾉW┝ﾗ zく EﾉW ヴWヮヴWゲWﾐデ; ｪヴ;gI;ﾏWﾐデW ﾗ
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IﾗﾏヮﾉW┝ﾗく M┌ｷデ;ゲ ┗W┣Wゲ ﾗ IﾗﾏヮﾉW┝ﾗ デ;ﾏHYﾏ ゲWヴ= ヴWヮヴWゲWﾐデ;Sﾗ ヮWﾉ; ゲWデ; ┗WヴﾏWﾉｴ; ケ┌W ｷﾐSｷI;ﾏﾗゲ
;Iｷﾏ;が ヮ;ヴピﾐSﾗ ゲWﾏヮヴW S; ﾗヴｷｪWﾏ Sﾗ ヮﾉ;ﾐﾗ ;デY ﾗ ;g┝ﾗく

VWﾃ;ﾏﾗゲ ┌ﾏ W┝Wﾏヮﾉﾗ SW ケ┌Wゲデ?ﾗ ふﾉWﾏHヴ;ﾐSﾗ ケ┌Wが ヮﾗヴ Wﾐケ┌;ﾐデﾗが ヴWゲﾗﾉ┗WヴWﾏﾗゲ ;ヮWﾐ;ゲ ケ┌WゲデﾛWゲ
SW ヮ┌ヴ; ;ヮﾉｷI;N?ﾗが ゲWﾏﾏ┌ｷデ; IﾗﾏヮﾉｷI;N?ﾗき ;ゲ IﾗﾏヮﾉｷI;NﾛWゲ ゲWヴ?ﾗ aWｷデ;ゲ ﾐ;ゲ ヴWゲﾗﾉ┌NﾛWゲ Sﾗゲ W┝WヴIｹIｷﾗゲ
S; ゲWN?ﾗ SW ケ┌WゲデﾛWゲ IﾗﾏWﾐデ;S;ゲぶぎ

���ふEEARどヲヰヰンぶ QUESTÃO Γ

Oゲ ﾐ┎ﾏWヴﾗゲ IﾗﾏヮﾉW┝ﾗゲ ケ┌W IﾗヴヴWゲヮﾗﾐSWﾏ ;ﾗゲ ヮﾗﾐデﾗゲ A W B Sﾗ ｪヴ=gIﾗ ゲ?ﾗが ヴWゲヮWIピ┗;ﾏWﾐデWが

ふ;ぶ (1+ 3i)き (−3− 2i)

ふHぶ (3+ i)き (−2− 3i)

ふIぶ (−3− 2i)き (1+ 3i)

ふSぶ (−2− 3i)き (3+ i)

Rぎ VWﾃ; ケ┌W ﾗ IﾗﾏヮﾉW┝ﾗ ヴWヮヴWゲWﾐデ;Sﾗ ヮﾗヴA デWﾏ ヮ;ヴデW ヴW;ﾉ 1 W ヮ;ヴデW ｷﾏ;ｪｷﾐ=ヴｷ; 3き ﾉﾗｪﾗが デヴ;デ;どゲW Sﾗ
IﾗﾏヮﾉW┝ﾗ 1+ 3i ふヮWヴIWH; ケ┌W ｷゲゲﾗ ﾃ= ヴWゲﾗﾉ┗W ; ケ┌Wゲデ?ﾗ ヮﾗヴ Wﾉｷﾏｷﾐ;N?ﾗぶく
O IﾗﾏヮﾉW┝ﾗ B ヮﾗゲゲ┌ｷ ヮ;ヴデW ヴW;ﾉ −3 W ヮ;ヴデW ｷﾏ;ｪｷﾐ=ヴｷ; −2き ﾉﾗｪﾗが デヴ;デ;どゲW Sﾗ IﾗﾏヮﾉW┝ﾗ −3− 2iく

G;H;ヴｷデﾗぎ A

���ふEEARどヲヰヱΓぶ QUESTÃO ヱヰ

SWﾃ;ﾏ Z1 = 3+ 3iがQ W R ;ゲ ヴWゲヮWIピ┗;ゲ ヴWヮヴWゲWﾐデ;NﾛWゲが ﾐﾗ ヮﾉ;ﾐﾗ SW áヴｪ;ﾐSどG;┌ゲゲが Sﾗゲ ﾐ┎ﾏWヴﾗゲ
IﾗﾏヮﾉW┝ﾗゲ Z2 W Z3く
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áゲゲｷﾏが Y IﾗヴヴWデﾗ ;gヴﾏ;ヴ ケ┌W Z1 =

ふ;ぶ Z2 − Z3

ふHぶ Z2 + Z3

ふIぶ −Z2 + Z3

ふSぶ −Z2 − Z3

Rぎ SWﾏ ﾏｷゲデYヴｷﾗゲが ┗;ﾏﾗゲ ;Iｴ;ヴ Z2く O ヮヴﾗHﾉWﾏ; Sｷ┣ ケ┌W Z2 Y ヴWヮヴWゲWﾐデ;Sﾗ ヮﾗヴQく O ;g┝ﾗQ デWﾏ
ヮ;ヴデW ヴW;ﾉ 1 W ヮ;ヴデW ｷﾏ;ｪｷﾐ=ヴｷ;−2き ﾉﾗｪﾗ Z2 = 1− 2iく O ;g┝ﾗ R デWﾏ ヮ;ヴデW ヴW;ﾉ−2 W ヮ;ヴデW ｷﾏ;ｪｷﾐ=ヴｷ;
−5き ﾉﾗｪﾗが Z3 = −2− 5iく VWﾃ; デ;ﾏHYﾏ ケ┌Wが ﾉWﾏHヴ;ﾐSﾗ ケ┌W Z1 = 3+ 3iぎ

Z2 − Z3 = (1− 2i) − (−2− 5i)

= 1− 2i+ 2+ 5i

= 3+ 3i

= Z1.

Lﾗｪﾗが Z1 = Z2 − Z3く

G;H;ヴｷデﾗぎ A

ヱΓ

Ismael de Paula dos Santos, Italo Marinho Sá Barreto

Aula 00

Matemática II p/ EFOMM 2019 (Escola de Formação de Oficiais da Marinha Mercante)  Com videoaulas

www.estrategiaconcursos.com.br



IﾐデWヴヮヴWデ;N?ﾗ ｪWﾗﾏYデヴｷI; Sﾗ ﾏﾙS┌ﾉﾗ

Cﾗヴ┌ﾃ;が ｷﾐIヴｷ┗WﾉﾏWﾐデWが ゲｷﾏく T┌Sﾗ ﾗ ケ┌W Wゲデﾗ┌ a;ど
ﾉ;ﾐSﾗ Y ヴｷｪﾗヴﾗゲ;ﾏWﾐデW ｷﾏヮﾗヴデ;ﾐデW ヮ;ヴ; ; ｪWﾐデWく
N┎ﾏWヴﾗゲ IﾗﾏヮﾉW┝ﾗゲ ゲ?ﾗ ゲｷﾏヮﾉWゲ Wﾏ ゲ┌;ゲ ﾗヮWヴ;ど
NﾛWゲが ﾏ;ゲ ﾐ?ﾗ ゲ?ﾗ デ?ﾗ ゲｷﾏヮﾉWゲ ケ┌;ﾐSﾗ IﾗﾏWN;ど
ﾏﾗゲ ; デヴ;デ=どﾉﾗゲ ｪヴ;gI;ﾏWﾐデWく Eﾐデ?ﾗが ケ┌;ﾐデﾗ ﾏ;ｷゲ
ゲﾗ┌HWヴﾏﾗゲ ゲﾗHヴW ; ｪWﾗﾏWデヴｷ; W ; デヴｷｪﾗﾐﾗﾏWデヴｷ;
Sﾗゲ ﾐ┎ﾏWヴﾗゲ IﾗﾏヮﾉW┝ﾗゲが ﾏWﾉｴﾗヴく PヴｷﾐIｷヮ;ﾉﾏWﾐデW
ヮﾗヴケ┌W ケ┌;ﾐSﾗ IﾗﾏWN;ヴﾏﾗゲ ; a;ﾉ;ヴ S;ゲ ﾉWｷゲ SW DW

Mﾗｷ┗ヴWが ﾗ ;ゲゲ┌ﾐデﾗ gI;ヴ= ﾏWデ;SW ;ﾉｪYHヴｷIﾗ W ﾏWデ;SW ｪWﾗﾏYデヴｷIﾗが Wﾐデ?ﾗが ﾃ= SW┗Wﾏﾗゲ IﾗﾏWN;ヴ SW
;ｪﾗヴ;く Eﾐデ?ﾗ WﾐデWﾐS;ﾏﾗゲ ; ヮヴWゲWﾐN; Sﾗ ﾏﾙS┌ﾉﾗ Iﾗﾏﾗ WﾉWﾏWﾐデﾗ ｪWﾗﾏYデヴｷIﾗ W ﾏ;ﾐデWﾐｴ;ﾏﾗゲ ;
ﾐﾗゲゲ; ;デWﾐN?ﾗ aﾗI;S;く Sｷｪ;ﾏﾗゲぁ

OHゲWヴ┗W ﾗ ﾐ┎ﾏWヴﾗ IﾗﾏヮﾉW┝ﾗ z = a+ bi ;H;ｷ┝ﾗぎ
Im

Re
a

b

|z|

A

PﾗSWﾏﾗゲ W┝デヴ;ｷヴ ┌ﾏ デヴｷ>ﾐｪ┌ﾉﾗ ヴWデ>ﾐｪ┌ﾉﾗ SWゲゲ; gｪ┌ヴ;が S; ゲWｪ┌ｷﾐデW aﾗヴﾏ;ぎ

|z|

a

b

Uピﾉｷ┣;ﾐSﾗ ﾗ デWﾗヴWﾏ; SW Pｷデ=ｪﾗヴ;ゲぎ

|z|2 = a2 + b2

|z| =
√

a2 + b2.
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E S;ｹが gﾐ;ﾉﾏWﾐデWが WﾐデWﾐSWﾏﾗゲ ケ┌;ﾉ Y ; ﾏﾗピ┗;N?ﾗ Sﾗ ﾏﾙS┌ﾉﾗ SW ┌ﾏ ﾐ┎ﾏWヴﾗ IﾗﾏヮﾉW┝ﾗぎ デヴ;デ;どゲW
Sﾗ IﾗﾏヮヴｷﾏWﾐデﾗ Sﾗ ゲWｪﾏWﾐデﾗ ┗WヴﾏWﾉｴﾗが ｷゲデﾗ Yが ﾗ ゲWｪﾏWﾐデﾗ ケ┌W ┌ﾐW ; ﾗヴｷｪWﾏ ;ﾗ ;g┝ﾗ Sﾗ IﾗﾏヮﾉW┝ﾗ
Wﾏ ケ┌Wゲデ?ﾗく

EﾐデWﾐSWヴWﾏﾗゲ ｷゲゲﾗ Iﾗﾏ ﾏ;ｷゲ I;ﾉﾏ; ﾐ; ヴWゲﾗﾉ┌N?ﾗ Sﾗゲ W┝WヴIｹIｷﾗゲく

Aヴｪ┌ﾏWﾐデﾗ

CﾗﾏWIWﾏﾗゲ Iﾗﾏ ;ケ┌WN;ゲ aヴ;ゲWゲ ケ┌W ; ｪWﾐデW ﾉZ W ケ┌;ゲW ﾐ;S; Y ﾙH┗ｷﾗく V;ﾏﾗゲ ﾉ=ぎ
Aヴｪ┌ﾏWﾐデﾗ Y ﾗ >ﾐｪ┌ﾉﾗ ふﾏWSｷSﾗ Wﾏ ヴ;Sｷ;ﾐﾗゲぶ ;ﾐピどｴﾗヴ=ヴｷﾗ aﾗヴﾏ;Sﾗ WﾐデヴW ┌ﾏ IﾗﾏヮﾉW┝ﾗ W ﾗ ゲWﾏｷど

Wｷ┝ﾗ ヴW;ﾉ ヮﾗゲｷピ┗ﾗく
VWﾃ; ;ﾉｪ┌ﾐゲ W┝Wﾏヮﾉﾗゲぎ

OHゲWヴ┗W ﾗゲ >ﾐｪ┌ﾉﾗゲ ┗WヴSWゲ ﾐﾗゲ W┝Wﾏヮﾉﾗゲ ;Iｷﾏ;く C;S; ┌ﾏ SWゲゲWゲ ケ┌;デヴﾗ >ﾐｪ┌ﾉﾗゲ ゲ?ﾗ ﾗゲ ;ヴｪ┌ﾏWﾐど
デﾗゲ Sﾗゲ ヴWゲヮWIピ┗ﾗゲ ﾐ┎ﾏWヴﾗゲ IﾗﾏヮﾉW┝ﾗゲ ケ┌W ヴWヮヴWゲWﾐデ;ﾏく
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O ﾏ;ｷゲ ｷﾏヮﾗヴデ;ﾐデW Y ┗ﾗIZ ヮWヴIWHWヴ ケ┌W ケ┌;ﾐデﾗ ﾏ;ｷゲ ﾉﾗﾐｪW Sﾗ ヮヴｷﾏWｷヴﾗ ケ┌;Sヴ;ﾐデWが ﾏ;ｷﾗヴ Y ﾗ >ﾐど
ｪ┌ﾉﾗく Eﾐデ?ﾗが < ﾏWSｷS; ケ┌W ヮ;ゲゲ;ﾏﾗゲ SW ケ┌;Sヴ;ﾐデW Wﾏ ケ┌;Sヴ;ﾐデWが ┗;ﾏﾗゲ ｪ;ﾐｴ;ﾐSﾗ ﾏ;ｷゲ W ﾏ;ｷゲ >ﾐど
ｪ┌ﾉﾗが Iﾗﾏﾗ ヮﾗSWﾏﾗゲ ┗Wヴ ﾐﾗ W┝Wﾏヮﾉﾗく VWﾃ; ケ┌W ; ┎ﾉピﾏ; gｪ┌ヴ;が ケ┌W ヴWヮヴWゲWﾐデ; ﾗ IﾗﾏヮﾉW┝ﾗ z = 6−2iが
デWﾏ ﾗ ﾏ;ｷﾗヴ ;ヴｪ┌ﾏWﾐデﾗ ふﾏ;ｷﾗヴ >ﾐｪ┌ﾉﾗ ┗WヴSWぶが ヮﾗｷゲ Wゲデ= ケ┌;ゲW IﾗﾏヮﾉWデ;ﾐSﾗ ┌ﾏ; ┗ﾗﾉデ;く

Eﾏ ヴWゲ┌ﾏﾗぎ ケ┌;ﾐデﾗ ﾏ;ｷゲ ヮWヴデﾗ SW IﾗﾏヮﾉWデ;ヴ ┌ﾏ; ┗ﾗﾉデ;が ﾏ;ｷﾗヴ ゲWヴ= ﾗ ;ヴｪ┌ﾏWﾐデﾗ ふﾉWﾏHヴ;ﾐSﾗ Wﾏ
ゲWﾏヮヴW ヮWﾐゲ;ヴ ﾐ; ┗ﾗﾉデ; ;ﾐピどｴﾗヴ=ヴｷ;く VWﾃ;ﾏﾗゲ ┌ﾏ W┝Wﾏヮﾉﾗく

���QUESTÃO ヱヱ

C;ﾉI┌ﾉW ﾗ ;ヴｪ┌ﾏWﾐデﾗ Sﾗ IﾗﾏヮﾉW┝ﾗ
√
3− iく

ふ;ぶ 5π

6

ふHぶ 7π

6

ふIぶ 9π

6

ふSぶ 11π

6

Rぎ PヴｷﾏWｷヴﾗが ﾏ;ヴケ┌Wﾏﾗゲ WゲゲW IﾗﾏヮﾉW┝ﾗ ﾐﾗ ヮﾉ;ﾐﾗ SW áヴｪ;ﾐSどG;┌ゲゲぎ
Im

Re

√

3

−1

α

90
◦

90
◦

90
◦

VWﾃ; ケ┌W ﾐﾗ デヴｷ>ﾐｪ┌ﾉﾗ ヴWデ>ﾐｪ┌ﾉﾗ aﾗヴﾏ;Sﾗ WﾏH;ｷ┝ﾗが ヮﾗSWﾏﾗゲ ┌ゲ;ヴ SW デヴｷｪﾗﾐﾗﾏWデヴｷ; ヮ;ヴ;
I;ﾉI┌ﾉ;ヴﾏﾗゲ ﾗ >ﾐｪ┌ﾉﾗ αぎ

デｪα =

√
3

1

デｪα =
√
3

α = 60◦.
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D;ｹが ヮﾗヴデ;ﾐデﾗが ﾗ ;ヴｪ┌ﾏWﾐデﾗ SWゲゲW IﾗﾏヮﾉW┝ﾗ Yぎ 90◦ + 90◦ + 90◦ + 60◦ = 330◦く PﾗヴYﾏが SW┗Wﾏﾗゲ
ヮ;ゲゲ;ヴ WゲゲW ;ヴｪ┌ﾏWﾐデﾗ ヮ;ヴ; ヴ;Sｷ;ﾐﾗゲ ふﾉWﾏHヴ;ﾐSﾗ ケ┌Wが ヮ;ヴ; ｷゲゲﾗが H;ゲデ; ﾏ┌ﾉピヮﾉｷI; ヮﾗヴ π

180◦
が H;ゲデ;

WaWデ┌;ヴ Wゲゲ; ﾏ┌ﾉピヮﾉｷI;N?ﾗぶぎ

330◦ · π

180◦
=

330◦ · π
180◦

=
33π

18

=
11π

6
.

G;H;ヴｷデﾗぎ D

N?ﾗ ゲW ヮヴWﾗI┌ヮW ケ┌;ﾐデﾗ ;ﾗ WﾐデWﾐSｷﾏWﾐデﾗ ケ┌W ヮﾗゲゲ; ┗ｷヴ ; Wゲデ;ヴ SWa;ゲ;Sﾗ ﾐﾗ ﾏﾗﾏWﾐデﾗく RW┗Wど
ヴWﾏﾗゲ デﾗSﾗ WゲゲW IﾗﾐデW┎Sﾗ ﾐ; aﾗヴﾏ; SW W┝WヴIｹIｷﾗゲく áｪﾗヴ;が Wゲデ┌S;ヴWﾏﾗゲ ; a;ﾏﾗゲ; W ┌ﾏ ヮﾗ┌Iﾗ ﾏ;ｷゲ
IﾗﾏヮﾉｷI;S; ゲWｪ┌ﾐS; aﾗヴﾏ; Sﾗゲ ﾐ┎ﾏWヴﾗゲ IﾗﾏヮﾉW┝ﾗゲぎ ; aﾗヴﾏ; デヴｷｪﾗﾐﾗﾏYデヴｷI;く V;ﾏﾗゲ ﾉ=が Wﾐデ?ﾗぁ

PヴﾗヮヴｷWS;SWゲ ;ﾉｪYHヴｷI;ゲ Sﾗ ﾏﾙS┌ﾉﾗ

SWｪ┌Wﾏ ;ゲ ヮヴｷﾐIｷヮ;ｷゲ ヮヴﾗヮヴｷWS;SWゲ ;ﾉｪYHヴｷI;ゲぎ

ひ |z1 · z2| = |z1| · |z2|き

ひ
∣

∣

∣

∣

z1
z2

∣

∣

∣

∣

=
|z1|

|z2|
き

ひ |z| = |z̄|き

ひ |RW(z)| ≤ |z| W |Iﾏ(z)| ≤ |z|き

ひ |z| ≥ 0く

VWﾃ;ﾏﾗゲ ┌ﾏ; ;ヮﾉｷI;N?ﾗ SｷヴWデ; SWゲゲ;ゲ ヮヴﾗヮヴｷWS;SWゲぎ

���ふESSAどヲヰヱンぶ QUESTÃO ヱヲ

Cﾗﾏ ヴWﾉ;N?ﾗ ;ﾗゲ ﾐ┎ﾏWヴﾗゲ IﾗﾏヮﾉW┝ﾗゲ z1 = 2 + i W z2 = 1 − iが ﾗﾐSW i Y ; ┌ﾐｷS;SW ｷﾏ;ｪｷﾐ=ヴｷ;が Y
IﾗヴヴWデﾗ ;gヴﾏ;ヴ

ふ;ぶ z1 · z2 = −3+ i

ふHぶ |z1| =
√
2
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ふIぶ |z2| =
√
5

ふSぶ |z1 · z2| =
√
10

ふWぶ |z1 + z2| =
√
3

Rぎ CﾗﾏWﾐデWﾏﾗゲ ;ﾉデWヴﾐ;ピ┗; ヮﾗヴ ;ﾉデWヴﾐ;ピ┗;ぎ

ふ;ぶ F;N;ﾏﾗゲ ﾗゲ I=ﾉI┌ﾉﾗゲぎ

z1 · z2 = (2+ i) · (1− i)

= 2 · 1− 2 · i+ i · 1− i · i

= 2− 2i+ i+ 1

= 3− i.

VWﾏﾗゲ ケ┌W ﾐ?ﾗ aﾗｷ ﾗ ケ┌W ; ;ﾉデWヴﾐ;ピ┗; SｷゲゲW ケ┌W S;ヴｷ; ﾗ I=ﾉI┌ﾉﾗが ヮﾗヴデ;ﾐデﾗが ﾐ?ﾗ ゲW デヴ;デ; SWゲゲ;
;ﾉデWヴﾐ;ピ┗;く

ふHぶ LWﾏHヴ;ﾐSﾗ S; SWgﾐｷN?ﾗ SW ﾏﾙS┌ﾉﾗぎ

|z1| =
√

22 + 12

=
√

4+ 1

=
√
5.

áﾉデWヴﾐ;ピ┗; a;ﾉゲ;く

ふIぶ Nﾗ┗;ﾏWﾐデWが ┌ピﾉｷ┣;ﾐSﾗ ; SWgﾐｷN?ﾗ SW ﾏﾙS┌ﾉﾗぎ

|z1| =
√

12 + (−1)2

=
√

1+ 1

=
√
2.

áﾉデWヴﾐ;ピ┗; a;ﾉゲ;く
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ふSぶ Uピﾉｷ┣;ﾐSﾗどﾐﾗゲ S;ゲ S┌;ゲ ;ﾉデWヴﾐ;ピ┗;ゲ ;ﾐデWヴｷﾗヴWゲ S;ゲ ヮヴﾗヮヴｷWS;SWゲ ケ┌W Wゲデ┌S;ﾏﾗゲ ゲﾗHヴW
ﾏﾙS┌ﾉﾗゲぎ

|z1 · z2| = |z1| · |z2|

=
√
5 ·

√
2

=
√
10.

áﾉデWヴﾐ;ピ┗; ┗WヴS;SWｷヴ;く

ふWぶ F;N;ﾏﾗゲ ﾗゲ I=ﾉI┌ﾉﾗゲぎ

|z1 + z2| = |2+ i+ 1− i|

= |3|

= 3.

áﾉデWヴﾐ;ピ┗; a;ﾉゲ;く

G;H;ヴｷデﾗぎ D

���ふEEARどヲヰヰヲぶ QUESTÃO ヱン

O ┗;ﾉﾗヴ SWmが ヮ;ヴ; ケ┌W ﾗ ﾏﾙS┌ﾉﾗ Sﾗ ﾐ┎ﾏWヴﾗ IﾗﾏヮﾉW┝ﾗ Z = (m+ 2i)(1+ i) ゲWﾃ; ｷｪ┌;ﾉ ; 4が Y

ふ;ぶ ±1く
ふHぶ ±2く
ふIぶ ±3く
ふSぶ ┣Wヴﾗく

Rぎ F;N;ﾏﾗゲ ﾗゲ I=ﾉI┌ﾉﾗゲ ┌ピﾉｷ┣;ﾐSﾗ ;ゲ ヮヴﾗヮヴｷWS;SWゲ SW ﾏﾙS┌ﾉﾗゲぎ

|Z| = |(m+ 2i)(1+ i)| = 4
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|(m+ 2i)| · |(1+ i)| = 4
√

m2 + 4 ·
√

12 + 12 = 4
√

(m2 + 4) · 2 = 4

(m2 + 4) · 2 = 16

m2 + 4 = 8

m2 = 4

m = ±2.

G;H;ヴｷデﾗぎ B
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ヲくヰ N"â°úêþ æêâöÛ°1êþぎ Áêúâ̇ šúËÂêãêâ²šúËæ̇

ヲくヱ áþö°æšêþ Â°ú̇Ëþ

Fﾗヴﾏ; デヴｷｪﾗﾐﾗﾏYデヴｷI; ﾗ┌ ヮﾗﾉ;ヴ

áﾐデWゲ SW ケ┌;ﾉケ┌Wヴ Iﾗｷゲ;が ﾗHゲWヴ┗Wﾏﾗゲ ﾗ IﾗﾏヮﾉW┝ﾗ ｪWヴ;ﾉ ;H;ｷ┝ﾗが z = a+ biぎ
Im

Re
a

b

|z|

A

ϕ

SWヮ;ヴWﾏﾗゲ ﾗ デヴｷ>ﾐｪ┌ﾉﾗ ヴWデ>ﾐｪ┌ﾉﾗ S; gｪ┌ヴ; ;Iｷﾏ;ぎ

|z|

a

b

ϕ

áｪﾗヴ;が ┌ピﾉｷ┣;ヴWﾏﾗゲ ;ﾉｪ┌ﾏ; デヴｷｪﾗﾐﾗﾏWデヴｷ;く LWﾏHヴWﾏﾗどﾐﾗゲ SW ケ┌Wぎ

ゲWﾐϕ =
C;デWデﾗ ﾗヮﾗゲデﾗ
HｷヮﾗデWﾐ┌ゲ; W Iﾗゲϕ =

C;デWデﾗ ;Sﾃ;IWﾐデW
HｷヮﾗデWﾐ┌ゲ;

DWゲゲ; aﾗヴﾏ;が デWﾏﾗゲぎ

ゲWﾐϕ =
b

|z|
W Iﾗゲϕ =

a

|z|

LﾗｪｷI;ﾏWﾐデWが Wﾐデ?ﾗが ヮﾗSWﾏﾗゲ WゲIヴW┗Wヴ ケ┌Wぎ
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b = |z| · ゲWﾐϕ W a = |z| · Iﾗゲϕ

Cﾗﾏﾗ z = a+ biが デWﾏﾗゲぎ

z = a+ bi

= |z| · Iﾗゲϕ+ (|z| · ゲWﾐϕ) · i

= |z| · (Iﾗゲϕ+ iゲWﾐϕ).

Eゲゲ; Y ; Iｴ;ﾏ;S; aﾗヴﾏ; デヴｷｪﾗﾐﾗﾏYデヴｷI; ﾗ┌ aﾗヴﾏ; ヮﾗﾉ;ヴ SW ┌ﾏ ﾐ┎ﾏWヴﾗ IﾗﾏヮﾉW┝ﾗく

z = |z| · (Iﾗゲϕ+ iゲWﾐϕ)

áﾉｪ┌ﾏ;ゲ ┗W┣Wゲ ヮﾗSW ;IﾗﾐデWIWヴ SW ; ケ┌Wゲデ?ﾗ ;HヴW┗ｷ;ヴ ﾗ デWヴﾏﾗ Iﾗゲϕ+ iゲWﾐϕ ヮ;ヴ; ; aﾗヴﾏ; Iｷゲϕぎ

z = |z| · (Iﾗゲϕ+ iゲWﾐϕ)
︸ ︷︷ ︸

Iｷゲϕ

z = |z| · Iｷゲϕ

Tヴ;デ;どゲW ;ヮWﾐ;ゲ SW ┌ﾏ; ;HヴW┗ｷ;N?ﾗが ┌ﾏ; aﾗヴﾏ; ﾏ;ｷゲ Iﾗﾐデヴ;Iデ; SW WゲIヴW┗Wヴ ; aﾗヴﾏ; ヮﾗﾉ;ヴく
P;ヴ; IﾗﾐゲWｪ┌ｷヴﾏﾗゲが Wﾐデ?ﾗが ;Iｴ;ヴ ; aﾗヴﾏ; デヴｷｪﾗﾐﾗﾏYデヴｷI; SW ┌ﾏ ﾐ┎ﾏWヴﾗ IﾗﾏヮﾉW┝ﾗが H;ゲデ; I;ﾉI┌ﾉ;ヴど

ﾏﾗゲ ﾗ ゲW┌ ﾏﾙS┌ﾉﾗ W ﾗ ゲW┌ ;ヴｪ┌ﾏWﾐデﾗ ヮ;ヴ; ゲ┌Hゲピデ┌ｷヴ ﾐWゲゲ; W┝ヮヴWゲゲ?ﾗく VWﾃ;ﾏﾗゲ ┌ﾏ W┝Wﾏヮﾉﾗぎ

���ふEEARどヲヰヰヱぶ QUESTÃO ヱヴ

SWﾃ; ﾗ ﾐ┎ﾏWヴﾗ IﾗﾏヮﾉW┝ﾗ z =

∣

∣

∣

∣

∣

∣

∣

∣

1 i 0

−1 1 i

i3 1 −i

∣

∣

∣

∣

∣

∣

∣

∣

く á aﾗヴﾏ; デヴｷｪﾗﾐﾗﾏYデヴｷI; SW z Yぎ

ふ;ぶ
√
2

(

Iﾗゲ 7π
4

+ iゲWﾐ 7π
4

)

ふHぶ
√
2
(

Iﾗゲ π
4
+ iゲWﾐ π

4

)

ふIぶ
√
2
(

Iﾗゲ π
3
+ iゲWﾐ π

3

)

ふSぶ 2
(

Iﾗゲ 7π
4

+ iゲWﾐ 7π
4

)
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Rぎ C;ﾉI┌ﾉWﾏﾗゲ ﾗ SWデWヴﾏｷﾐ;ﾐデW ┌ゲ;ﾐSﾗ ; ヴWｪヴ; SW S;ヴヴ┌ゲぎ

1 i 0 1 i

−1 1 i −1 1

i3 1 −i i3 1

= −i+ i5 + 0− 0− i− i2

= −i+ i− i− (−1)

= −i− (−1)

= 1− i.

C;ﾉI┌ﾉ;ﾐSﾗ ﾗ ﾏﾙS┌ﾉﾗぎ

|z| =
√

12 + (−1)2

|z| =
√

1+ 1

|z| =
√
2.

áｪﾗヴ;が ;Iｴ;ﾐSﾗ ﾗ ;ヴｪ┌ﾏWﾐデﾗく DWゲWﾐｴ;ﾐSﾗ WゲゲW IﾗﾏヮﾉW┝ﾗ ﾐﾗ ヮﾉ;ﾐﾗ SW áヴｪ;ﾐSどG;┌ゲゲぎ
Im

Re

z

1

−1

90
◦90

◦

90
◦

45
◦

O ;ヴｪ┌ﾏWﾐデﾗ SWゲゲW IﾗﾏヮﾉW┝ﾗ Yが ヮﾗヴデ;ﾐデﾗぎ

ϕ = 90◦ + 90◦ + 90◦ + 45◦

= 315◦.

P;ゲゲ;ﾐSﾗ WゲゲW >ﾐｪ┌ﾉﾗ ヮ;ヴ; ゲ┌; aﾗヴﾏ; Wﾏ ヴ;Sｷ;ﾐﾗゲぎ

315◦ · π

180◦
=

315◦π

180◦

=
7π

4
.

EゲゲW ﾐ┎ﾏWヴﾗ IﾗﾏヮﾉW┝ﾗが ﾐ; aﾗヴﾏ; デヴｷｪﾗﾐﾗﾏYデヴｷI; ゲWヴ=が Wﾐデ?ﾗぎ
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z =
√
2

(

Iﾗゲ 7π
4

+ iゲWﾐ 7π
4

)

.

G;H;ヴｷデﾗぎ A

Bﾗﾏが Iﾗヴ┌ﾃｷﾐｴ;が Wﾏ ヮヴｷﾏWｷヴﾗ ﾉ┌ｪ;ヴ ヮ;ヴ; ヴWゲﾗﾉど
┗Wヴ ケ┌WゲデﾛWゲ ケ┌W ヮWN;ﾏ SｷヴWデ;ﾏWﾐデW ヮ;ヴ; ケ┌W
┗ﾗIZ ヮ;ゲゲW IﾗﾏヮﾉW┝ﾗゲ ヮ;ヴ; ; aﾗヴﾏ; デヴｷｪﾗﾐﾗﾏYど
デヴｷI;く M;ゲ ﾐ; ┗WヴS;SWが ┗WヴWﾏﾗゲ Wﾏ ゲWｪ┌ｷS; ケ┌W
; aﾗヴﾏ; デヴｷｪﾗﾐﾗﾏYデヴｷI; Y ┎ピﾉ ヮヴｷﾐIｷヮ;ﾉﾏWﾐデW ヮ;ヴ;
WaWデ┌;ヴﾏﾗゲ ﾗヮWヴ;NﾛWゲ WﾐデヴW ヴ;ｹ┣Wゲ W ヮﾗデZﾐIｷ;ゲ
Iﾗﾏ ﾐ┎ﾏWヴﾗゲ IﾗﾏヮﾉW┝ﾗゲく Iゲゲﾗ gI;ヴ= ﾏ;ｷゲ Iﾉ;ヴﾗ
ケ┌;ﾐSﾗ ┗ｷWヴﾏﾗゲ ; SｷゲI┌ピヴ ゲﾗHヴW ;ゲ ﾉWｷゲ SW DWMﾗｷど

┗ヴWが ﾗ ケ┌W ┗;ｷ ;IﾗﾐデWIWヴ ;ｪﾗヴ; ﾏWゲﾏﾗく

ヲくヲ ヱ┧ Û°Ë -° D° MêË6ú°

Rﾗデ;N?ﾗ

áヮヴWﾐSWヴWﾏﾗゲ ;ｪﾗヴ; ; ヴﾗデ;Iｷﾗﾐ;ヴ ﾐ┎ﾏWヴﾗゲ IﾗﾏヮﾉW┝ﾗゲ ﾐﾗ ヮﾉ;ﾐﾗ SW áヴｪ;ﾐSどG;┌ゲゲく F┌ﾐIｷﾗﾐ; S; ゲWど
ｪ┌ｷﾐデW aﾗヴﾏ;く SWﾃ; z ┌ﾏ ﾐ┎ﾏWヴﾗ IﾗﾏヮﾉW┝ﾗ ケ┌;ﾉケ┌Wヴく SWﾏヮヴW ケ┌W ﾏ┌ﾉピヮﾉｷI;ﾏﾗゲ WゲゲW IﾗﾏヮﾉW┝ﾗ ヮWﾉﾗ
デWヴﾏﾗ Iﾗゲθ+ iゲWﾐθぎ

O IﾗﾏヮﾉW┝ﾗ z ゲﾗaヴWヴ= ┌ﾏ; ヴﾗデ;N?ﾗ ;ﾐピどｴﾗヴ=ヴｷ; SW >ﾐｪ┌ﾉﾗ θ.

V;ﾏﾗゲ デWﾐデ;ヴ WﾐデWﾐSWヴ ﾏWﾉｴﾗヴい Eﾐデ?ﾗ ┗;ﾏﾗゲ ヮWﾐゲ;ヴ Wﾏ デWヴﾏﾗゲ SW W┝Wﾏヮﾉﾗく Cヴｷ;ヴWｷが Wﾏ ゲWｪ┌ｷS;が
┌ﾏ ﾐ┎ﾏWヴﾗ IﾗﾏヮﾉW┝ﾗ ケ┌;ﾉケ┌Wヴく D;ｹが WaWデ┌;ヴWｷ ┌ﾏ; ヴﾗデ;N?ﾗ ケ┌;ﾉケ┌Wヴ Iﾗﾏ WﾉW W ヮﾗSWヴWﾏﾗゲ ┗WヴｷgI;ヴ
ケ┌W SW a;デﾗ ﾗIﾗヴヴW┌ ┌ﾏ; ヴﾗデ;N?ﾗ S;ケ┌WﾉW SWデWヴﾏｷﾐ;Sﾗ >ﾐｪ┌ﾉﾗく Bﾗﾏが ゲWﾏ ﾏ;ｷゲ SWﾉﾗﾐｪ;ゲが ┗;ﾏﾗゲ ;ﾗ
W┝Wﾏヮﾉﾗく

CﾗﾐゲｷSWヴW ﾗ IﾗﾏヮﾉW┝ﾗ z = 4+ 5iが ヴWヮヴWゲWﾐデ;Sﾗ ;H;ｷ┝ﾗぎ
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Im

Re
4

5
A

S┌ヮﾗﾐｴ; ケ┌W ケ┌Wｷヴ;ﾏﾗゲ ヴﾗデ;Iｷﾗﾐ;ヴ WゲゲW IﾗﾏヮﾉW┝ﾗ ﾐ┌ﾏ >ﾐｪ┌ﾉﾗ SW 90◦く Eﾐデ?ﾗが H;ゲデ; ﾏ┌ﾉピヮﾉｷI;ヴ
WゲゲW IﾗﾏヮﾉW┝ﾗ z = 4+ 5i ヮﾗヴ Iﾗゲ 90◦︸ ︷︷ ︸

0

+ iゲWﾐ90◦︸ ︷︷ ︸
1

= iく Iゲゲﾗ ゲｷｪﾐｷgI; ケ┌W ﾏ┌ﾉピヮﾉｷI;ヴ ヮﾗヴ i Y ﾗ ﾏWゲﾏﾗ

ケ┌W ヴﾗデ;Iｷﾗﾐ;ヴ ┌ﾏ IﾗﾏヮﾉW┝ﾗ Wﾏ 90◦ぁ F;┣WﾐSﾗ ;ゲ Iﾗﾐデ;ゲぎ

(4+ 5i) · i = 4i+ 5i2

= 4i− 5

= −5+ 4i.

áｪﾗヴ; ┗Wﾃ; WゲゲW IﾗﾏヮﾉW┝ﾗ ヴWヮヴWゲWﾐデ;Sﾗ ﾐﾗ ヮﾉ;ﾐﾗぎ
Im

Re
4

5
A

4

−5

90
◦

VZ ケ┌Wが SW a;デﾗが ﾗ IﾗﾏヮﾉW┝ﾗ z = 4+ 5i ゲﾗaヴW┌ ┌ﾏ; ヴﾗデ;N?ﾗ SW 90◦い
Eﾐデ?ﾗが ゲWﾏヮヴW ケ┌W ケ┌ｷゲWヴﾏﾗゲ ヴﾗデ;Iｷﾗﾐ;ヴ ┌ﾏ IﾗﾏヮﾉW┝ﾗ z = a+ bi ﾐ┌ﾏ >ﾐｪ┌ﾉﾗ θが H;ゲデ;ヴ= ゲWﾏヮヴW

ﾏ┌ﾉピヮﾉｷI;ヴ デ;ﾉ IﾗﾏヮﾉW┝ﾗ ヮﾗヴ Iﾗゲθ+ iゲWﾐθく VWﾃ;ﾏﾗゲ ┌ﾏ; ケ┌Wゲデ?ﾗ ゲﾗHヴW ｷゲゲﾗく

���ふEEARどヲヰヰヲぶ QUESTÃO ヱヵ
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Uﾏ ケ┌;Sヴ;SﾗABCD Wゲデ= ｷﾐゲIヴｷデﾗ ﾐ┌ﾏ IｹヴI┌ﾉﾗ Iﾗﾏ IWﾐデヴﾗ ﾐ; ﾗヴｷｪWﾏ Sﾗ ヮﾉ;ﾐﾗ SW G;┌ゲゲく O ┗YヴピIW
A Y ｷﾏ;ｪWﾏ Sﾗ IﾗﾏヮﾉW┝ﾗ 3+ 4iく Oゲ ;g┝ﾗゲ Sﾗゲ ﾗ┌デヴﾗゲ デヴZゲ ┗YヴピIWゲ ゲ?ﾗ ﾗゲ IﾗﾏヮﾉW┝ﾗゲぎ

ふ;ぶ −3+ 4iき−3− 4iき 3− 4iく
ふHぶ −4+ 3iき−3− 4iき 4− 3iく
ふIぶ −4+ 3iき−3− 4iき 3− 4iく
ふSぶ −3+ 4iき−3− 4iき 4− 3iく

Rぎ OHゲWヴ┗W ; gｪ┌ヴ; ヮヴﾗヮﾗゲデ;ぎ
Im

Re

A

B

C

D

3

4

90
◦

90
◦

90
◦

90
◦

Cﾗﾏﾗ ﾃ= Sｷデﾗが ケ┌;ﾐSﾗ ﾏ┌ﾉピヮﾉｷI;ﾏﾗゲ ┌ﾏ IﾗﾏヮﾉW┝ﾗ ケ┌;ﾉケ┌Wヴ ヮWﾉﾗ a;デﾗヴ Iﾗゲα+ iゲWﾐαが ﾐﾙゲ
ヴﾗデ;Iｷﾗﾐ;ﾏﾗゲ WゲゲW IﾗﾏヮﾉW┝ﾗ ﾐﾗ ヮﾉ;ﾐﾗ ﾐ┌ﾏ >ﾐｪ┌ﾉﾗ ;ﾐピどｴﾗヴ=ヴｷﾗ αく VWﾃ; ケ┌W I;S; ┗YヴピIW Sｷゲデ; Sﾗ
;ﾐデWヴｷﾗヴ ﾐ┌ﾏ >ﾐｪ┌ﾉﾗ SW 90◦が Wﾐデ?ﾗが I;S; ┗YヴピIW ヮﾗSW ゲWヴ I;ﾉI;ﾐN;Sﾗ ﾏ┌ﾉピヮﾉｷI;ﾐSﾗ ゲW┌ ┗YヴピIW
;ﾐデWヴｷﾗヴ ヮﾗヴぎ

Iﾗゲ 90◦ + i · ゲWﾐ90◦ = 0+ i · 1

= i.

Iゲゲﾗ ゲｷｪﾐｷgI; ケ┌Wが ヴﾗデ;Iｷﾗﾐ;ヴ ┌ﾏ IﾗﾏヮﾉW┝ﾗ Wﾏ 90◦ ;ﾐピどｴﾗヴ=ヴｷﾗゲ ﾐﾗ ヮﾉ;ﾐﾗ Y ﾗ ﾏWゲﾏﾗ ケ┌W ﾏ┌ﾉピヮﾉｷI;ヴ
ヮﾗヴ iく
Eﾐデ?ﾗが ヮ;ヴ; ;ﾉI;ﾐN;ヴﾏﾗゲ ﾗ ┗YヴピIW Bが H;ゲデ; ﾏ┌ﾉピヮﾉｷI;ヴﾏﾗゲ ﾗ IﾗﾏヮﾉW┝ﾗ Sﾗ ┗YヴピIW A S; ゲWｪ┌ｷﾐデW
aﾗヴﾏ;ぎ
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B = A · i

= (3+ 4i) · i

= 3i+ 4i2

= 3i− 4

= −4+ 3i.

CｴWｪ;ﾐSﾗ ;ﾗ ┗YヴピIW Cぎ

C = B · i

= (−4+ 3i) · i

= −4i+ 3i2

= −4i− 3

= −3− 4i.

E gﾐ;ﾉﾏWﾐデWが ヮ;ヴ; IｴWｪ;ヴﾏﾗゲ ;ﾗ ┗YヴピIWDぎ

D = C · i

= (−3− 4i) · i

= −3i− 4i2

= −3i+ 4

= 4− 3i.

G;H;ヴｷデﾗぎ B

ンン
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ヱ┧ ﾉWｷ SW DW Mﾗｷ┗ヴW

á ヮヴｷﾏWｷヴ; ﾉWｷ SW DW Mﾗｷ┗ヴW Y ゲ┌ヮWヴ ゲｷﾏヮﾉWゲ SW ゲW ┌ピﾉｷ┣;ヴく Eﾉ; Sｷ┣ ﾗ ゲWｪ┌ｷﾐデWく CﾗﾐゲｷSWヴW ┌ﾏ ﾐ┎ﾏWヴﾗ
IﾗﾏヮﾉW┝ﾗ WゲIヴｷデﾗ Wﾏ ゲ┌; aﾗヴﾏ; デヴｷｪﾗﾐﾗﾏYデヴｷI;が z = |z| · (Iﾗゲθ+ iゲWﾐθ))く Eﾐデ?ﾗぎ

zn = |z|n · [Iﾗゲ(nθ) + iゲWﾐ(nθ)]

Eﾉ; ヮﾗSW ;デY ヮ;ヴWIWヴ ﾏWｷﾗ IﾗﾏヮﾉｷI;S;が ﾏ;ゲ ﾐ?ﾗ Yく VWﾃ;ﾏﾗゲ ┌ﾏ W┝Wﾏヮﾉﾗく

���ふESSAどヲヰヱΒぶ QUESTÃO ヱヶ

CﾗﾐゲｷSWヴW ﾗ ﾐ┎ﾏWヴﾗ IﾗﾏヮﾉW┝ﾗ z = 2+ 2iく DWゲゲ; aﾗヴﾏ;が z100ぎ

ふ;ぶ Y ┌ﾏ ﾐ┎ﾏWヴﾗ ヴW;ﾉ ﾐWｪ;ピ┗ﾗく
ふHぶ デWﾏ ;ヴｪ┌ﾏWﾐデﾗ π

4
く

ふIぶ Y ┌ﾏ ﾐ┎ﾏWヴﾗ ヴW;ﾉ ヮﾗゲｷピ┗ﾗく
ふSぶ デWﾏ ﾏﾙS┌ﾉﾗ ｷｪ┌;ﾉ ; 1く
ふWぶ Y ┌ﾏ ﾐ┎ﾏWヴﾗ ｷﾏ;ｪｷﾐ=ヴｷﾗ ヮ┌ヴﾗく

Rぎ H= S┌;ゲ aﾗヴﾏ;ゲ SW ヴWゲﾗﾉ┗Wヴﾏﾗゲ WゲゲW W┝WヴIｹIｷﾗく F;N;ﾏﾗゲ S;ゲ S┌;ゲ aﾗヴﾏ;ゲく á ヮヴｷﾏWｷヴ; Y
ヮ;ゲゲ;ヴﾏﾗゲ z ヮ;ヴ; ; aﾗヴﾏ; デヴｷｪﾗﾐﾗﾏYデヴｷI; W ┌ピﾉｷ┣;ヴﾏﾗゲ ; ヮヴｷﾏWｷヴ; LWｷ SW DW Mﾗｷ┗ヴWく Cﾗﾏﾗ
;I;H;ﾏﾗゲ SW ┗Zどﾉ;が IﾗﾏWIWﾏﾗゲ a;┣WﾐSﾗ ヮﾗヴ Wﾉ;く VWﾃ;ﾏﾗゲぎ

Im

Re

z

2

2

45◦

O ﾏﾙS┌ﾉﾗ SWゲゲW IﾗﾏヮﾉW┝ﾗ Yぎ |z| =
√

22 + 22 = 2
√
2く O ;ヴｪ┌ﾏWﾐデﾗ SWゲゲW IﾗﾏヮﾉW┝ﾗ Y ϕ = 45◦く

Lﾗｪﾗが ﾐ; aﾗヴﾏ; デヴｷｪﾗﾐﾗﾏYデヴｷI;が WゲゲW IﾗﾏヮﾉW┝ﾗ ゲW デﾗヴﾐ;ぎ

z = 2
√
2 · (Iﾗゲ 45◦ + i · ゲWﾐ45◦).
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D;ｹが ヮWﾉ; ヮヴｷﾏWｷヴ; ﾉWｷ SW DW Mﾗｷ┗ヴWぎ

z = 2
√
2 · (Iﾗゲ 45◦ + i · ゲWﾐ45◦)

z100 = (2
√
2)100 · (Iﾗゲ 4500◦ + i · ゲWﾐ4500◦).

P;ヴ; I;ﾉI┌ﾉ;ヴﾏﾗゲ ゲWﾐﾗ W IﾗゲゲWﾐﾗ SW >ﾐｪ┌ﾉﾗゲ ﾏ;ｷﾗヴWゲ ケ┌W 360◦が H;ゲデ; Sｷ┗ｷSｷﾏﾗどﾉﾗゲ ヮﾗヴ 360◦ W
IﾗﾐゲｷSWヴ;ヴﾏﾗゲ ;ヮWﾐ;ゲ ﾗ ヴWゲデﾗぎ

ヴ ヵ ヰ ヰ
Γ ヰ ヰ
ヱ Β ヰ

ン ヶ ヰ
ヱ ヲ

D;ｹ Wﾐデ?ﾗぎ

z100 = (2
√
2)100 · (Iﾗゲ 4500◦ + i · ゲWﾐ4500◦)

= (2
√
2)100 · (Iﾗゲ 180◦ + i · ゲWﾐ180◦)

= (2
√
2)100 · (−1+ i · 0)

= (2
√
2)100 · (−1).

N?ﾗ ヮヴWIｷゲ;ﾏﾗゲ ﾐWﾏ Iﾗﾐピﾐ┌;ヴ ; Iﾗﾐデ;が ヮﾗヴケ┌W ; ヮ;ヴデW ｷﾏ;ｪｷﾐ=ヴｷ; i ゲ┌ﾏｷ┌が ﾗ ケ┌W a;┣ SWゲゲW ﾐ┎ﾏWヴﾗ
┌ﾏ ﾐ┎ﾏWヴﾗ ヴW;ﾉく O −1 ケ┌W ﾏ┌ﾉピヮﾉｷI; ; W┝ヮヴWゲゲ?ﾗ a;┣ SWゲゲW ﾐ┎ﾏWヴﾗ ┌ﾏ ﾐ┎ﾏWヴﾗ ヴW;ﾉ ﾐWｪ;ピ┗ﾗが ケ┌W
I;ヴ;IデWヴｷ┣; ﾗ Sｷデﾗ ﾐ; ;ﾉデWヴﾐ;ピ┗; áく
Uﾏ ﾗ┌デヴﾗ ﾏﾗSﾗ SW a;┣Wヴﾏﾗゲ WゲゲW W┝WヴIｹIｷﾗ Y ┌ピﾉｷ┣;ヴﾏﾗゲ ﾗ ゲWｪ┌ｷﾐデW デヴ┌ケ┌W ;ﾉｪYHヴｷIﾗ ふケ┌W ゲﾙ
a┌ﾐIｷﾗﾐ; ヮ;ヴ; ヮﾗデZﾐIｷ;ゲ ヮ;ヴWゲ SW 1+ iぶぎ

z = 2+ 2i

z = 2(1+ i)

z100 = [2(1+ i)]100

= 2100 · (1+ i)100

= 2100 · (1+ i)2·50

= 2100 · [(1+ i)2]50

= 2100 · (1+ 2i+ i2)50

= 2100 · (1+ 2i− 1)50

= 2100 · (2i)50
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= 2100 · 250 · i50.

VWﾃ; ケ┌Wぎ

ヵ ヰ
ヱ ヰ
ヲ

ヴ
ヱ ヲ

Lﾗｪﾗぎ

z100 = 2100 · 250 · i2

= 2100 · 250 · (−1).

Tヴ;デ;どゲW SW ┌ﾏ ﾐ┎ﾏWヴﾗ ヴW;ﾉ ﾐWｪ;ピ┗ﾗが Iﾗﾏﾗ WﾐIﾗﾐデヴ;Sﾗ ;ﾐデWゲく

G;H;ヴｷデﾗぎ A

ヲくン ヲ┧ Û°Ë -° D° MêË6ú°

V;ﾏﾗゲ SｷヴWデﾗ < ﾉWｷく
S┌ヮﾗﾐｴ; ケ┌W ケ┌Wｷヴ;ﾏﾗゲ ヴWゲﾗﾉ┗Wヴ ; Wケ┌;N?ﾗ wn = zが ヮ;ヴ; wく Eゲゲ; Wケ┌;N?ﾗ デWヴ= W┝;デ;ﾏWﾐデW n

ヴ;ｹ┣Wゲが I;S; ┌ﾏ; ヮﾗSWﾐSﾗ ゲWヴ I;ﾉI┌ﾉ;S; S; ゲWｪ┌ｷﾐデW aﾗヴﾏ;ぎ

wk =
n

√

|z| ·
[

Iﾗゲ
(

θ+ 2kπ

n

)

+ iゲWﾐ
(

θ+ 2kπ

n

)]

, k = 0, 1, 2, . . . , k− 1

H;ｴ;ｴ;ｴ;が ;ゲゲ┌ゲデﾗ┌ aﾗｷが Iﾗヴ┌ﾃ;い Wゲゲ; aﾙヴﾏ┌ﾉ;
;ゲゲ┌ゲデ; ﾏWゲﾏﾗが Y IﾗﾐゲｷSWヴ;S; ┌ﾏ; S;ゲ ﾏ;ｷﾗヴWゲ
aﾙヴﾏ┌ﾉ;ゲ Sﾗゲ IﾗﾐデW┎Sﾗゲ SW ﾏ;デWﾏ=ピI; SW Wﾐゲｷﾐﾗ
ﾏYSｷﾗく M;ゲ W ゲW W┌ デW a;ﾉ;ヴ ケ┌W ; SｷgI┌ﾉS;SW SWゲゲ;
aﾙヴﾏ┌ﾉ; Wゲデ= Wﾏ デヴｷｪﾗﾐﾗﾏWデヴｷ;が W ﾐ?ﾗ Wﾏ ﾐ┎ﾏWど
ヴﾗゲ IﾗﾏヮﾉW┝ﾗゲい Vﾗ┌ デW ﾏﾗゲデヴ;ヴ ｷゲゲﾗ ;IﾗﾐデWIWﾐSﾗく
V;ﾏﾗゲ ﾉ=い Eﾐデ?ﾗ a;N;ﾏﾗゲ ;ｪﾗヴ; ┌ﾏ W┝Wﾏヮﾉﾗ SW
;ヮﾉｷI;N?ﾗ SｷヴWデ; S; ヲ┧ ﾉWｷ SW DW Mﾗｷ┗ヴWく Sｷｪ;ﾏﾗゲぁ

V;ﾏﾗゲが ヮﾗヴ W┝Wﾏヮﾉﾗが デWﾐデ;ヴ ヴWゲﾗﾉ┗Wヴ ; ゲWｪ┌ｷﾐデW Wケ┌;N?ﾗぎ
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z6 = 1.

IﾐｷIｷ;ﾉﾏWﾐデWが ;ﾗ Wゲデ┌S;ﾐデW ケ┌W ﾃ= WゲデWﾃ; Wゲデ┌S;ﾐSﾗ ｴ= ;ﾉｪ┌ﾏ デWﾏヮﾗが SW┗W ヮ;ヴWIWヴ a=Iｷﾉ Sｷ┣Wヴ ケ┌W
;ﾗ ﾏWﾐﾗゲ S┌;ゲ ゲﾗﾉ┌NﾛWゲ ゲ?ﾗ デヴｷ┗ｷ;ｷゲぎ z = 1 W z = −1く M;ゲ ｴ= ﾏ;ｷゲ 4 ゲﾗﾉ┌NﾛWゲ IﾗﾏヮﾉW┝;ゲが ケ┌W ヮﾗSWﾏ
ゲWヴ ﾗHピS;ゲ ; ヮ;ヴピヴ S; ヲ┧ ﾉWｷ SW DW Mﾗｷ┗ヴWく

á ヮヴｷﾏWｷヴ; Iﾗｷゲ; ケ┌W ヮヴWIｷゲ;ﾏﾗゲ a;┣Wヴ Y ヮ;ゲゲ;ヴ ﾗ IﾗﾏヮﾉW┝ﾗ 1 ヮ;ヴ; ; aﾗヴﾏ; デヴｷｪﾗﾐﾗﾏYデヴｷI;く DWﾏﾗゲ
┌ﾏ; ﾗﾉｴ;S; ﾐﾗ IﾗﾏヮﾉW┝ﾗ 1 ﾐﾗ ヮﾉ;ﾐﾗ SW áヴｪ;ﾐSどG;┌ゲゲぎ

Im

Re
1

VWﾏﾗゲ Wﾐデ?ﾗ ケ┌W ﾗ ;ヴｪ┌ﾏWﾐデﾗ SWゲゲW ﾐ┎ﾏWヴﾗ IﾗﾏヮﾉW┝ﾗ Y ϕ = 0く O ﾏﾙS┌ﾉﾗ SWゲゲW IﾗﾏヮﾉW┝ﾗ Y
|z| =

√

12 + 02 = 1く
áｪﾗヴ;が ゲ┌Hゲピデ┌; デ┌Sﾗ ﾐ; ヲ┧ ﾉWｷ SW DW Mﾗｷ┗ヴWがﾏ;ﾐデWﾐSﾗ ﾗ k ゲWﾏ ゲ┌Hゲピデ┌ｷヴぎ

wk =
n

√

|z| ·
[

Iﾗゲ
(

θ+ 2kπ

n

)

+ iゲWﾐ
(

θ+ 2kπ

n

)]

=
6
√
1 ·

[

Iﾗゲ
(

0◦ + 2k · 180◦
6

)

+ iゲWﾐ
(

0◦ + 2k · 180◦
6

)]

= 1 ·
[

Iﾗゲ
(

k · 360◦
6

)

+ iゲWﾐ
(

k · 360◦
6

)]

= Iﾗゲ (k · 60◦) + iゲWﾐ (k · 60◦)

áｪﾗヴ;が H;ゲデ; ゲ┌Hゲピデ┌ｷヴ k ヮﾗヴ 0, 1, 2, 3, 4 W 5ぎ

w0 = Iﾗゲ (0 · 60◦) + iゲWﾐ (0 · 60◦) = Iﾗゲ 0◦ + iゲWﾐ0◦ = 1

w1 = Iﾗゲ (1 · 60◦) + iゲWﾐ (1 · 60◦) = Iﾗゲ 60◦ + iゲWﾐ60◦ = 1

2
+

√
3

2
i
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w2 = Iﾗゲ (2 · 60◦) + iゲWﾐ (2 · 60◦) = Iﾗゲ 120◦ + iゲWﾐ120◦ = −
1

2
+

√
3

2
i

w3 = Iﾗゲ (3 · 60◦) + iゲWﾐ (3 · 60◦) = Iﾗゲ 180◦ + iゲWﾐ180◦ = −1

w4 = Iﾗゲ (4 · 60◦) + iゲWﾐ (4 · 60◦) = Iﾗゲ 240◦ + iゲWﾐ240◦ = −
1

2
−

√
3

2
i

w5 = Iﾗゲ (5 · 60◦) + iゲWﾐ (5 · 60◦) = Iﾗゲ 300◦ + iゲWﾐ300◦ = 1

2
−

√
3

2
i.

E┝ｷゲデWﾏが ヮﾗヴデ;ﾐデﾗが ゲWｷゲ ゲﾗﾉ┌NﾛWゲぎ S =

{

1,
1

2
+

√
3

2
i,−

1

2
+

√
3

2
i,−1,−

1

2
−

√
3

2
i,
1

2
−

√
3

2
i

}

く

Uﾏ SWデ;ﾉｴW ｷﾏヮﾗヴデ;ﾐデW ;IﾗﾐデWIW ケ┌;ﾐSﾗ SｷゲデヴｷH┌ｹﾏﾗゲ Wゲゲ;ゲ ゲﾗﾉ┌NﾛWゲ ﾐﾗ ヮﾉ;ﾐﾗ SW áヴｪ;ﾐSどG;┌ゲゲぎ
Im

Re

w0 = 1

w1 =
1

2
+

√

3

2
iw2 = −

1

2
+

√

3

2
i

w3 = −1

w4 = −
1

2
−

√

3

2
i w5 =

1

2
−

√

3

2
i

Oゲ ;g┝ﾗゲ SW I;S; IﾗﾏヮﾉW┝ﾗ デﾗヴﾐ;ﾏどゲW ┗YヴピIWゲ SW ┌ﾏｴW┝=ｪﾗﾐﾗ ヴWｪ┌ﾉ;ヴぁぁ E ┗Wﾃ; ケ┌W WゲゲW ｴW┝=ｪﾗﾐﾗ
Wゲデ= ｷﾐゲIヴｷデﾗ ﾐ┌ﾏ IｹヴI┌ﾉﾗ I┌ﾃﾗ ヴ;ｷﾗ Y W┝;デ;ﾏWﾐデW ﾗ ﾏﾙS┌ﾉﾗ SW z = 1く

Eﾏ ｪWヴ;ﾉが ヮﾗSWﾏﾗゲ ゲWﾏヮヴW ;gヴﾏ;ヴ ﾗ ゲWｪ┌ｷﾐデWぎ

á Wケ┌;N?ﾗwn = z ヮﾗゲゲ┌ｷ n ゲﾗﾉ┌NﾛWゲ IﾗﾏヮﾉW┝;ゲ I┌ﾃﾗゲ ;g┝ﾗゲ ゲ?ﾗ ┗YヴピIWゲ SW ┌ﾏ

ヮﾗﾉｹｪﾗﾐﾗ ヴWｪ┌ﾉ;ヴ SW ｪZﾐWヴﾗ n W I┌ﾃﾗ IｹヴI┌ﾉﾗ IｷヴI┌ﾐゲIヴｷデﾗ デWﾏ ヴ;ｷﾗ n

√

|z|
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���ふESSAどヲヰヰΓぶ QUESTÃO ヱΑ

O ┗;ﾉﾗヴ S; W┝ヮヴWゲゲ?ﾗ x2 − 1

x3 − 1
ケ┌;ﾐSﾗ x = i Yぎ

ふ;ぶ i+ 1

2
ふHぶ 1− i

ふIぶ −(1− i)

ふSぶ −(1− i)

2

ふWぶ 1− i

2

Rぎ B;ゲデ; a;┣Wヴﾏﾗゲ ;ゲ Iﾗﾐデ;ゲが ﾃﾗ┗Wﾏぎ

x2 − 1

x3 − 1
=

i2 − 1

i3 − 1

Cﾗﾏﾗ i2 = −1 W i3 = −iが デWﾏﾗゲぎ

=
−1− 1

−i− 1

=
−2

−i− 1

=
2

1+ i

M┌ﾉピヮﾉｷI;ﾐSﾗ ; W┝ヮヴWゲゲ?ﾗ Wﾏ Iｷﾏ; W WﾏH;ｷ┝ﾗ ヮﾗヴ 1− i IﾗﾐゲWｪ┌ｷﾏﾗゲ ヴ;Iｷﾗﾐ;ﾉｷ┣;ヴ ; W┝ヮヴWゲゲ?ﾗぎ

=
2 · (1− i)

(1+ i) · (1− i)

=
2 · (1− i)

12 − i2

=
2 · (1− i)

1− (−1)
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=
2 · (1− i)

1+ 1

=
2 · (1− i)

2

= 1− i.

G;H;ヴｷデﾗぎ B

���ふADAPTADA ESSAどヲヰヱヱぶ QUESTÃO ヱΒ

SWﾃ; ┌ﾏ; a┌ﾐN?ﾗ f : R → C SWgﾐｷS; ヮﾗヴ f(x) = 2 (Iﾗゲ 2x+ i · ゲWﾐ2x)く C;ﾉI┌ﾉW ﾗ ┗;ﾉﾗヴ SW f
(π

6

)

く

ふ;ぶ
√
3+ i

ふHぶ 1+ i
√
3

ふIぶ
√
3− i

ふSぶ
√
3

2
+

i

2

ふWぶ
√
3

2
−

i

2

Rぎ S┌Hゲピデ┌; ﾗ ┗;ﾉﾗヴ SW x ヮWﾉﾗ ケ┌W ; ケ┌Wゲデ?ﾗ ヮWSW W a;N; ;ゲ Iﾗﾐデ;ゲぎ

f(x) = 2 (Iﾗゲ 2x+ i · ゲWﾐ2x)

f
(π

6

)

= 2
[

Iﾗゲ
(

2 · π
6

)

+ i · ゲWﾐ
(

2 · π
6

)]

= 2
[

Iﾗゲ
(π

3

)

+ i · ゲWﾐ
(π

3

)]

.

áケ┌ｷ SW┗Wﾏﾗゲ ﾐﾗゲ ﾉWﾏHヴ;ヴ SW ケ┌W π ヴ;Sｷ;ﾐﾗゲ Wケ┌ｷ┗;ﾉW ; ┌ﾏ ;ヴIﾗ SW 180◦が ヮﾗヴデ;ﾐデﾗ π

3
Wケ┌ｷ┗;ﾉW ; ┌ﾏ

;ヴIﾗ SW 180◦

3
= 60◦き S;ｹぎ

f
(π

6

)

= 2 (Iﾗゲ 60◦ + i · ゲWﾐ60◦)

= 2

(

1

2
+ i ·

√
3

2

)

= 2 · 1
2
+ 2 · i ·

√
3

2

= 1+ i ·
√
3.
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G;H;ヴｷデﾗぎ B

���ふESSAどヲヰヱヵぶ QUESTÃO ヱΓ

á ヮ;ヴデW ヴW;ﾉ Sﾗ ﾐ┎ﾏWヴﾗ IﾗﾏヮﾉW┝ﾗ 1

(2i)2
Y

ふ;ぶ −1

4
ふHぶ −2

ふIぶ 0
ふSぶ 1

4
ふWぶ 2

Rぎ F;┣WﾐSﾗ ;ゲ Iﾗﾐデ;ゲぎ

1

(2i)2
=

1

4 · i2

=
1

4 · (−1)

= −
1

4
.

D;ｹが ; ヮ;ヴデW ヴW;ﾉ SW−1

4
Y ﾗ ヮヴﾙヮヴｷﾗ −

1

4
く

G;H;ヴｷデﾗぎ A

���ふEEARどヲヰヰヰぶ QUESTÃO ヲヰ

SWﾃ;ﾏAがZ1 WZ2 ;ゲ ヴWヮヴWゲWﾐデ;NﾛWゲ ｪヴ=gI;ゲ Sﾗゲ IﾗﾏヮﾉW┝ﾗゲ 0+0iが 2+3i W−5−iが ヴWゲヮWIピ┗;ﾏWﾐデWく
á ﾏWﾐﾗヴ SWデWヴﾏｷﾐ;N?ﾗ ヮﾗゲｷピ┗; Sﾗ >ﾐｪ┌ﾉﾗ Z1ÂZ2 Y

ふ;ぶ 135◦

ふHぶ 150◦

ふIぶ 210◦
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ふSぶ 225◦

Rぎ H= S┌;ゲ aﾗヴﾏ;ゲ SW a;┣Wヴﾏﾗゲ WゲゲW W┝WヴIｹIｷﾗが W ;ﾏH;ゲ ┌ピﾉｷ┣;ﾏ IﾗﾐデW┎Sﾗゲ SW ｪWﾗﾏWデヴｷ; ;ﾐ;ﾉｹピI;く
P;ヴ; ﾐ?ﾗ ｴ;┗Wヴ SWゲWゲヮWヴﾗ ヮWﾉ; a;ﾉデ; SW WﾐデWﾐSｷﾏWﾐデﾗが ;IﾗﾐゲWﾉｴ;ﾏﾗゲ ﾗ Wゲデ┌S;ﾐデW ; ヮ┌ﾉ;ヴ WゲゲW
WゲヮWIｹgIﾗ W┝WヴIｹIｷﾗ I;ゲﾗ ;ｷﾐS; ﾐ?ﾗ デWﾐｴ; Wゲデ┌S;Sﾗ デ;ﾉ IﾗﾐデW┎Sﾗく
F;N;ﾏﾗゲ ヮヴｷﾏWｷヴﾗ ┌ピﾉｷ┣;ﾐSﾗ ; ﾉWｷ Sﾗゲ IﾗゲゲWﾐﾗゲく DWヮﾗｷゲ ┌ピﾉｷ┣;ヴWﾏﾗゲ ; デWﾗヴｷ; SW ┗WデﾗヴWゲが ;ﾏHﾗゲ
;ゲゲ┌ﾐデﾗゲ SW ｪWﾗﾏWデヴｷ; ;ﾐ;ﾉｹピI;く M;ヴケ┌Wﾏﾗゲ ﾗゲ デヴZゲ IﾗﾏヮﾉW┝ﾗゲ ﾐﾗゲ ヮﾉ;ﾐﾗゲ W W┗ｷSWﾐIｷWﾏﾗゲ ﾗゲ ゲW┌ゲ
;g┝ﾗゲぎ

Im

Re
A = 0+ 0i

Z1 = 2+ 3i

Z2 = −5− i

α

VWﾃ; ケ┌W aﾗヴﾏ;ﾏﾗゲ ┌ﾏ デヴｷ>ﾐｪ┌ﾉﾗく Uﾏ SW ゲW┌ゲ ﾉ;Sﾗゲ ﾏWSW W┝;デ;ﾏWﾐデW ﾗ ﾏﾙS┌ﾉﾗ SW Z1が ケ┌W Yぎ

|Z1| =
√

22 + 32

=
√

4+ 9

=
√
13.

O┌デヴﾗ ﾉ;Sﾗ SWゲゲW デヴｷ>ﾐｪ┌ﾉﾗ ﾏWSW |Z2|ぎ

|Z2| =
√

(−5)2 + (−1)2

=
√

25+ 1

=
√
26.

O デWヴIWｷヴﾗ W ┎ﾉピﾏﾗ ﾉ;Sﾗ ﾏWSｷヴ= ; Sｷゲデ>ﾐIｷ; WﾐデヴW ﾗゲ ヮﾗﾐデﾗゲ (2, 3) W (−5,−1)が ケ┌W ヮﾗSW ゲWヴ
I;ﾉI┌ﾉ;S; ヮWﾉ; ゲWｪ┌ｷﾐデW aﾙヴﾏ┌ﾉ; ふS; ﾏ;デYヴｷ; SW ｪWﾗﾏWデヴｷ; ;ﾐ;ﾉｹピI;ぶぎ

d =
√

(−5− 2)2 + (−1− 3)2

ヴヲ
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=
√

(−7)2 + (−4)2

=
√

49+ 16

=
√
65.

Nﾗゲゲﾗ デヴｷ>ﾐｪ┌ﾉﾗ gI; ;ゲゲｷﾏぎ

α

√

26

√

13

√

65

áヮﾉｷI;ﾐSﾗ ; ﾉWｷ Sﾗゲ IﾗゲゲWﾐﾗゲぎ

(
√
65)2 = (

√
26)2 + (

√
13)2 − 2 ·

√
13 ·

√
26 · Iﾗゲα

65 = 26+ 13− 2 ·
√
13 · 26 · Iﾗゲα

65 = 39− 2 ·
√
13 · 13 · 2 · Iﾗゲα

65− 39 = −2 · 13
√
2 · Iﾗゲα

26 = −26
√
2 · Iﾗゲα

1 = −
√
2 · Iﾗゲα

Iﾗゲα = −
1√
2

Iﾗゲα = −

√
2

2

α = 135◦.

Uﾏ; ﾗ┌デヴ; aﾗヴﾏ; SW a;┣Wヴﾏﾗゲ Y ┌ピﾉｷ┣;ヴﾏﾗゲ ; デWﾗヴｷ; SW ┗WデﾗヴWゲく O >ﾐｪ┌ﾉﾗ α aﾗヴﾏ;Sﾗ WﾐデヴW Sﾗｷゲ
┗WデﾗヴWゲ #”u W #”v ヮﾗSW ゲWヴ I;ﾉI┌ﾉ;Sﾗ ヮﾗヴぎ

Iﾗゲα =
#”u · #”v

u · v
Oゲ ┗WデﾗヴWゲ ゲ?ﾗ #”u = (2, 3) W #”v = (−5,−1)が ﾉﾗｪﾗぎ

Iﾗゲα =
(2, 3) · (−5,−1)

|(2, 3)| · |(−5,−1)|

=
2 · (−5) + 3 · (−1)√

13 ·
√
26

ヴン
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=
−10− 3√
13 · 26

=
−13√

13 · 13 · 2

=
−13

13
√
2

= −
1√
2

= −

√
2

2

E S;ｹ α = 135◦が Iﾗﾏﾗ IﾗﾐIﾉ┌ｹSﾗ ;ﾐデWゲく

G;H;ヴｷデﾗぎ A

���ふEEARどヲヰヰヲぶ QUESTÃO ヲヱ

SWﾃ; z ┌ﾏ ﾐ┎ﾏWヴﾗ IﾗﾏヮﾉW┝ﾗが I┌ﾃﾗ ﾏﾙS┌ﾉﾗ Y 2 W I┌ﾃﾗ ;ヴｪ┌ﾏWﾐデﾗ Y π

3
く á aﾗヴﾏ; ;ﾉｪYHヴｷI; Sﾗ Iﾗﾐﾃ┌ど

ｪ;Sﾗ SW z Y

ふ;ぶ 1−
√
3i

ふHぶ
√
3− i

ふIぶ
√
3+ i

ふSぶ 1+
√
3i

Rぎ É ゲﾙ ﾏﾗﾐデ;ヴﾏﾗゲ W WaWデ┌;ヴﾏﾗゲ ; Iﾗﾐデ;ぎ

z = 2 ·
(

Iﾗゲ π
3
+ iゲWﾐ π

3

)

= 2 · (Iﾗゲ 60◦ + iゲWﾐ60◦)

= 2 ·
(

1

2
+ i

√
3

2

)

= 2 · 1
2
+ 2 · i

√
3

2

= 1+
√
3i.
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G;H;ヴｷデﾗぎ A

���ふEEARどヲヰヰヲぶ QUESTÃO ヲヲ

SWﾃ;ﾏ x W y ﾗゲ ﾐ┎ﾏWヴﾗゲ ヴW;ｷゲ ケ┌W ゲ;ピゲa;┣Wﾏ ; ｷｪ┌;ﾉS;SW i(x− 2i)+ (1−yi) = (x+y)− iが ﾗﾐSW
i Y ; ┌ﾐｷS;SW ｷﾏ;ｪｷﾐ=ヴｷ;く O ﾏﾙS┌ﾉﾗ Sﾗ ﾐ┎ﾏWヴﾗ IﾗﾏヮﾉW┝ﾗ z = (x+ yi)2 Y ｷｪ┌;ﾉ ;

ふ;ぶ
√
5

ふHぶ 5
ふIぶ 2

√
5

ふSぶ 2

Rぎ V;ﾏﾗゲ SWゲWﾐ┗ﾗﾉ┗Wヴ ; Wケ┌;N?ﾗ S;S;ぎ

i(x− 2i) + (1− yi) = (x+ y) − i

xi− 2i2 + 1− yi = x+ y− i

xi+ 2+ 1− yi− x− y+ i = 0

(3− x− y) + (x− y+ 1)i = 0.

Lﾗｪﾗが デWﾏﾗゲ ケ┌W 3− x− y = 0 W x− y+ 1 = 0が ｷゲデﾗ Yぎ

{
x+ y = 3

x− y = −1

Sﾗﾏ;ﾐSﾗ ;ゲ S┌;ゲ Wケ┌;NﾛWゲが デWﾏﾗゲぎ

2x = 2

x = 1.

S┌Hゲピデ┌ｷﾐSﾗ ﾐ; ヮヴｷﾏWｷヴ; Wケ┌;N?ﾗぎ

x+ y = 3

1+ y = 3

y = 2.
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DWゲWﾃ;ﾏﾗゲ I;ﾉI┌ﾉ;ヴ ﾗ ﾏﾙS┌ﾉﾗ SW z = (x+ yi)2が ｷゲデﾗ Yが ﾗ ﾏﾙS┌ﾉﾗ SW z = (1+ 2i)2く VWﾃ; ケ┌W
|1+ 2i| =

√

12 + 22 =
√
5く Lﾗｪﾗぎ

|z| = |(1+ 2i)2|

|z| = |1+ 2i|2

|z| = (
√
5)2

|z| = 5.

G;H;ヴｷデﾗぎ B

���ふEEARどヲヰヰンぶ QUESTÃO ヲン

SWﾐSﾗ i ; ┌ﾐｷS;SW ｷﾏ;ｪｷﾐ=ヴｷ;が ; ヮﾗデZﾐIｷ; SW
[

(1− i)2 − (1+ i)2
]3 Y ｷｪ┌;ﾉ ;

ふ;ぶ 64
ふHぶ −64

ふIぶ 64i
ふSぶ −64i

Rぎ B;ゲデ; WaWデ┌;ヴﾏﾗゲ ;ゲ Iﾗﾐデ;ゲぎ

[

(1− i)2 − (1+ i)2
]3

=
[

1− 2i+ i2 − (1+ 2i+ i2)
]3

=
(

1− 2i+ i2 − 1− 2i− i2
)3

= (−4i)
3

= (−4)3 · i3

= −64 · (−i)

= 64i.

G;H;ヴｷデﾗぎ C

ヴヶ
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���ふEEARどヲヰヰンぶ QUESTÃO ヲヴ

SWﾐSﾗ i ; ┌ﾐｷS;SW ｷﾏ;ｪｷﾐ=ヴｷ;が ﾗ ヴWゲ┌ﾉデ;Sﾗ SW (3+ 2i)(6− 4i)

−1+ 3i
Y

ふ;ぶ −1− 3i

ふHぶ −13− 39i

ふIぶ −13

5
−

39i

5

ふSぶ 13

5
+

39i

5

Rぎ CﾗﾏWIWﾏﾗゲ ; a;┣Wヴ ﾗゲ I=ﾉI┌ﾉﾗゲぎ

(3+ 2i)(6− 4i)

−1+ 3i
=

18− 12i+ 12i− 8i2

−1+ 3i

=
18+ 8

−1+ 3i

=
26

−1+ 3i

=
26 · (−1− 3i)

(−1+ 3i) · (−1− 3i)

=
−26− 78i

(−1)2 + (−3)2

=
−26− 78i

1+ 9

=
−26− 78i

10

=
−13− 39i

5

= −
13

5
−

39i

5
.

G;H;ヴｷデﾗぎ C

���ふEEARどヲヰヰンぶ QUESTÃO ヲヵ

SWﾐSﾗ 1+ i

i
┌ﾏ ﾐ┎ﾏWヴﾗ IﾗﾏヮﾉW┝ﾗが ゲW┌ Iﾗﾐﾃ┌ｪ;Sﾗ ┗;ﾉW

ふ;ぶ 1− i

i

ヴΑ
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ふHぶ −−1+ i

i
ふIぶ 1+ i

ふSぶ i

1+ i

Rぎ F;N;ﾏﾗゲ ﾗゲ I=ﾉI┌ﾉﾗゲが ヴ;Iｷﾗﾐ;ﾉｷ┣;ﾐSﾗ ; W┝ヮヴWゲゲ?ﾗ S;S;ぎ

1+ i

i
=

(1+ i) · i
i · i

=
i+ i2

i2

=
i− 1

−1

= 1− i.

O Iﾗﾐﾃ┌ｪ;Sﾗ SW 1− i Y 1+ iく

G;H;ヴｷデﾗぎ C

���ふEEARどヲヰヰヴぶ QUESTÃO ヲヶ

á Wケ┌;N?ﾗ x2 − 4x+ 5 = 0が ﾐﾗ I;ﾏヮﾗ IﾗﾏヮﾉW┝ﾗが デWﾏ Iﾗﾏﾗ Iﾗﾐﾃ┌ﾐデﾗ ┗WヴS;SW

ふ;ぶ {2− i, 2+ i}く
ふHぶ {2− 2i, 2+ 2i}く
ふIぶ {1− i, 1+ i}く
ふSぶ {4− i, 4+ i}く

���ふEEARどヲヰヰヴぶ QUESTÃO ヲΑ

á ゲﾗﾏ; Sﾗゲ ヮﾗゲゲｹ┗Wｷゲ ﾐ┎ﾏWヴﾗゲ IﾗﾏヮﾉW┝ﾗゲ z1 W z2が デ;ｷゲ ケ┌W z2 = 5+ 12iが Y

ふ;ぶ 6く
ふHぶ 0く
ふIぶ 4iく
ふSぶ 3+ 2iく
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���ふEEARどヲヰヰヵぶ QUESTÃO ヲΒ

SWﾐSﾗ i ; ┌ﾐｷS;SW ｷﾏ;ｪｷﾐ=ヴｷ;が ; ヮﾗデZﾐIｷ;
[

(1− i)2 − (1+ i)2
]3 Y ｷｪ┌;ﾉ ;

ふ;ぶ 64く
ふHぶ −64く
ふIぶ 64iく
ふSぶ −64iく

���ふEEARどヲヰヰヵぶ QUESTÃO ヲΓ

SWﾐSﾗ i ; ┌ﾐｷS;SW ｷﾏ;ｪｷﾐ=ヴｷ;が ゲｷﾏヮﾉｷgI;ﾐSﾗどゲW ; W┝ヮヴWゲゲ?ﾗ Iﾗゲx+ iゲWﾐx
Iﾗゲx− iゲWﾐx ﾗHデYﾏどゲW

ふ;ぶ i(Iﾗゲ 2x− ゲWﾐ2x)く
ふHぶ i(Iﾗゲ 2x+ ゲWﾐ2x)く
ふIぶ Iﾗゲ 2x− iゲWﾐ2xく
ふSぶ Iﾗゲ 2x+ iゲWﾐ2xく

���ふEEARどヲヰヰヵぶ QUESTÃO ンヰ

SW z =
√
2

(

Iﾗゲ 5π
4

+ i · ゲWﾐ 5π
4

)

が Wﾐデ?ﾗ z7 Y ｷｪ┌;ﾉ ;ﾗ ヮヴﾗS┌デﾗ SW 8
√
2 ヮﾗヴ

ふ;ぶ Iﾗゲ π
4
+ iゲWﾐ π

4

ふHぶ Iﾗゲ 5π
4

+ iゲWﾐ 5π
4

ふIぶ Iﾗゲ 7π
4

+ iゲWﾐ 7π
4

ふSぶ Iﾗゲ 3π
4

+ iゲWﾐ 3π
4

���ふEEARどヲヰヰヵぶ QUESTÃO ンヱ

SWﾃ;M ﾗ ;g┝ﾗ SW ┌ﾏ ﾐ┎ﾏWヴﾗ IﾗﾏヮﾉW┝ﾗ zく á aﾗヴﾏ; ヮﾗﾉ;ヴ SW z Y

ふ;ぶ 2
(

Iﾗゲ 4π
3

+ iゲWﾐ 4π
3

)

ヴΓ
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ふHぶ Iﾗゲ 4π
3

+ iゲWﾐ 4π
3

ふIぶ 2
(

Iﾗゲ 7π
6

+ iゲWﾐ 7π
6

)

ふSぶ Iﾗゲ 7π
6

+ iゲWﾐ 7π
6

���ふEEARどヲヰヰヵぶ QUESTÃO ンヲ

SWﾐSﾗ i ; ┌ﾐｷS;SW ｷﾏ;ｪｷﾐ=ヴｷ;が ゲｷﾏヮﾉｷgI;ﾐSﾗどゲW ; W┝ヮヴWゲゲ?ﾗ (3+ i)71 · (3− i)30

(i− 3)29 · (−3− i)70
が ﾗHデYﾏどゲWぎ

ふ;ぶ −10く
ふHぶ −8く
ふIぶ 8く
ふSぶ 10く

���ふEEARどヲヰヰヶぶ QUESTÃO ンン

SWﾃ;Q ; ｷﾏ;ｪWﾏ ｪWﾗﾏYデヴｷI; SW ┌ﾏ ﾐ┎ﾏWヴﾗ IﾗﾏヮﾉW┝ﾗく O ;ヴｪ┌ﾏWﾐデﾗ SWゲゲW ﾐ┎ﾏWヴﾗ Y

ふ;ぶ ;ヴIゲWﾐ 1
3

ふHぶ ;ヴIゲWﾐ 2
√
2

3

ふIぶ ;ヴIIﾗゲ 1
3

ふSぶ ;ヴIIﾗゲ
(

−
2
√
2

3

)

���ふEEARどヲヰヰヶぶ QUESTÃO ンヴ

SWﾐSﾗm−ni = i Wmi−n = 1+3iが ﾗゲ ﾐ┎ﾏWヴﾗゲ IﾗﾏヮﾉW┝ﾗゲm W n ゲ?ﾗ デ;ｷゲが ケ┌W ゲ┌; ゲﾗﾏ; Y ｷｪ┌;ﾉ
;

ヵヰ
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ふ;ぶ −1

2
−

3

2
i

ふHぶ −1

2
+

3

2
i

ふIぶ 1

2
−

3

2
i

ふSぶ 1

2
+

3

2
i

���ふEEARどヲヰヰヶぶ QUESTÃO ンヵ

O ヮヴﾗS┌デﾗ z · z ′が ゲWﾐSﾗ z = 2

(

Iﾗゲ 5π
4

+ iゲWﾐ 5π
4

)

W z ′ = a

(

Iﾗゲ 3π
4

+ iゲWﾐ 3π
4

)

が ヮﾗSW ゲWヴ W┝ど
ヮヴWゲゲﾗ ヮﾗヴぎ

ふ;ぶ 2a(Iﾗゲ 0+ iゲWﾐ0)
ふHぶ 2a

(

Iﾗゲ π
2
+ iゲWﾐ π

2

)

ふIぶ a
(

Iﾗゲ π
2
+ iゲWﾐ π

2

)

ふSぶ a(Iﾗゲ 2π+ iゲWﾐ2π)

���ふEEARどヲヰヰΑぶ QUESTÃO ンヶ

O ケ┌;Sヴ;ﾐデW Wﾏ ケ┌W ゲW ヴWヮヴWゲWﾐデ;が ﾐﾗ ヮﾉ;ﾐﾗ SW áヴｪ;ﾐSどG;┌ゲゲが ﾗ ﾐ┎ﾏWヴﾗ IﾗﾏヮﾉW┝ﾗ z = 1+ i3 Y ﾗ

ふ;ぶ ヱ┨く
ふHぶ ヲ┨く
ふIぶ ン┨く
ふSぶ ヴ┨く

���ふEEARどヲヰヰΑぶ QUESTÃO ンΑ

á aﾗヴﾏ; ;ﾉｪYHヴｷI; Sﾗ ﾐ┎ﾏWヴﾗ IﾗﾏヮﾉW┝ﾗ z =
3

3− i
+

3+ 2i

i− 2
Y

ふ;ぶ 0, 1− 3iく
ふHぶ 0, 1− 1, 1iく
ふIぶ 1, 7+ 11iく
ふSぶ 1− 1, 7iく

���ふEEARどヲヰヰΒぶ QUESTÃO ンΒ

D;Sﾗ x ∈ Rが ヮ;ヴ; ケ┌W ﾗ ﾐ┎ﾏWヴﾗ z = (2− xi)(x+ 2i) ゲWﾃ; ヴW;ﾉが ﾗ ┗;ﾉﾗヴ SW x ヮﾗSW ゲWヴ

ヵヱ
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ふ;ぶ 4く
ふHぶ 0く
ふIぶ −1く
ふSぶ −2く

���ふEEARどヲヰヰΒぶ QUESTÃO ンΓ

O ﾏﾙS┌ﾉﾗ Sﾗ IﾗﾏヮﾉW┝ﾗ z = −3+ 4i Y

ふ;ぶ 3く
ふHぶ 4く
ふIぶ 5く
ふSぶ 6く

���ふEEARどヲヰヰΒぶ QUESTÃO ヴヰ

C;ﾉI┌ﾉ;ﾐSﾗ i2053 ﾗHデYﾏどゲW

ふ;ぶ 1く
ふHぶ iく
ふIぶ −iく
ふSぶ −1く

���ふEEARどヲヰヰΓぶ QUESTÃO ヴヱ

SWﾃ;ﾏ Sﾗｷゲ ﾐ┎ﾏWヴﾗゲ IﾗﾏヮﾉW┝ﾗゲ z1 W z2く SW z1 デWﾏ ｷﾏ;ｪWﾏ P(4,−1) W z2 = −1+ 3iが Wﾐデ?ﾗ z1 − z2

Y ｷｪ┌;ﾉ ;

ふ;ぶ 3+ 4iく
ふHぶ 1− 5iく
ふIぶ 5− 4iく
ふSぶ 2+ 2iく

���ふEEARどヲヰヰΓぶ QUESTÃO ヴヲ

SW ; aﾗヴﾏ; ;ﾉｪYHヴｷI; SW ┌ﾏ ﾐ┎ﾏWヴﾗ IﾗﾏヮﾉW┝ﾗ Y −1 + iが Wﾐデ?ﾗ ゲ┌; aﾗヴﾏ; デヴｷｪﾗﾐﾗﾏYデヴｷI; デWﾏ
;ヴｪ┌ﾏWﾐデﾗ ｷｪ┌;ﾉ ;

ヵヲ
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ふ;ぶ 5π

6

ふHぶ 3π

4
ふIぶ π

6
ふSぶ π

4

���ふEEARどヲヰヰΓぶ QUESTÃO ヴン

N; gｪ┌ヴ;が ﾗ ヮﾗﾐデﾗ P ヴWヮヴWゲWﾐデ; ┌ﾏ ﾐ┎ﾏWヴﾗ IﾗﾏヮﾉW┝ﾗが I┌ﾃﾗ Iﾗﾐﾃ┌ｪ;Sﾗ Y

ふ;ぶ −3+ 4iく
ふHぶ −4+ 3iく
ふIぶ 4− 3iく
ふSぶ 3− 4iく

���ふEEARどヲヰヱヰぶ QUESTÃO ヴヴ

O ｷﾐ┗Wヴゲﾗ Sﾗ ﾐ┎ﾏWヴﾗ IﾗﾏヮﾉW┝ﾗ z = −2i Y z ′ =

ふ;ぶ i

2

ふHぶ 1

2
ふIぶ −2

ふSぶ 2i

���ふEEARどヲヰヱヰぶ QUESTÃO ヴヵ

SWﾃ; ﾗ ﾐ┎ﾏWヴﾗ IﾗﾏヮﾉW┝ﾗ z = 1+ iく SW z ′ Y ﾗ Iﾗﾐﾃ┌ｪ;Sﾗ SW zが Wﾐデ?ﾗ ﾗ ヮヴﾗS┌デﾗ |z| · |z ′| Y ｷｪ┌;ﾉ ;

ふ;ぶ 1く
ふHぶ 2く
ふIぶ

√
3く

ふSぶ 2
√
3く

ヵン
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���ふEEARどヲヰヱヰぶ QUESTÃO ヴヶ

O ┗;ﾉﾗヴ SW i11 − i21 − i38 Y

ふ;ぶ 1− 2iく
ふHぶ 2− iく
ふIぶ −2く
ふSぶ 1く

���ふEEARどヲヰヱヰぶ QUESTÃO ヴΑ

M┌ﾉピヮﾉｷI;ﾐSﾗどゲW ﾗ ﾐ┎ﾏWヴﾗ IﾗﾏヮﾉW┝ﾗ 2− 3i ヮWﾉﾗ ゲW┌ Iﾗﾐﾃ┌ｪ;Sﾗが ﾗHデYﾏどゲW

ふ;ぶ 0く
ふHぶ −1く
ふIぶ 11く
ふSぶ 13く

���ふEEARどヲヰヱヱぶ QUESTÃO ヴΒ

SWﾃ; z ′ ﾗ Iﾗﾐﾃ┌ｪ;Sﾗ Sﾗ ﾐ┎ﾏWヴﾗ IﾗﾏヮﾉW┝ﾗ z = 1− 3iく O ┗;ﾉﾗヴ SW 2z+ z ′ Y

ふ;ぶ 3− 3iく
ふHぶ 1− 3iく
ふIぶ 3+ iく
ふSぶ 1+ iく

���ふEEARどヲヰヱヱぶ QUESTÃO ヴΓ

O ﾐ┎ﾏWヴﾗ IﾗﾏヮﾉW┝ﾗ z = (a− 4) + (b− 5)i ゲWヴ= ┌ﾏ ﾐ┎ﾏWヴﾗ ｷﾏ;ｪｷﾐ=ヴｷﾗ ヮ┌ヴﾗ ゲW

ふ;ぶ a = 4 W b = 5く
ふHぶ a = 4 W b ̸= 5く
ふIぶ a ̸= 4 W b = 5く
ふSぶ a ̸= 4 W b ̸= 5く

���ふEEARどヲヰヱヲぶ QUESTÃO ヵヰ

O ﾏﾙS┌ﾉﾗ Sﾗ ﾐ┎ﾏWヴﾗ IﾗﾏヮﾉW┝ﾗ z = −1+ 3i Y

ヵヴ
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ふ;ぶ 1
ふHぶ 2
ふIぶ

√
5

ふSぶ
√
10

���ふEEARどヲヰヱンぶ QUESTÃO ヵヱ

SWﾃ;ﾏ ρ1 W ρ2が ヴWゲヮWIピ┗;ﾏWﾐデWが ﾗゲ ﾏﾙS┌ﾉﾗゲ Sﾗゲ ﾐ┎ﾏWヴﾗゲ IﾗﾏヮﾉW┝ﾗゲ z1 = 1 + 2i W z2 = 4 − 2iく
áゲゲｷﾏが ρ1 + ρ2 Y ｷｪ┌;ﾉ ;

ふ;ぶ 5
ふHぶ

√
5

ふIぶ 2
√
5

ふSぶ 3
√
5

���ふEEARどヲヰヱンぶ QUESTÃO ヵヲ

SW z = 3+ 2i Y ┌ﾏ ﾐ┎ﾏWヴﾗ IﾗﾏヮﾉW┝ﾗが Wﾐデ?ﾗ z2 Y ｷｪ┌;ﾉ ;

ふ;ぶ 5+ 12iく
ふHぶ 9+ 12iく
ふIぶ 13+ 4iく
ふSぶ 9+ 4iく

���ふEEARどヲヰヱンぶ QUESTÃO ヵン

SWﾃ; z ′ ﾗ Iﾗﾐﾃ┌ｪ;Sﾗ SW ┌ﾏ ﾐ┎ﾏWヴﾗ IﾗﾏヮﾉW┝ﾗ zく S;HWﾐSﾗ ケ┌W z = a+ bi W ケ┌W 2z+ z ′ = 9+ 2iが
ﾗ ┗;ﾉﾗヴ SW a+ b Y

ふ;ぶ 5
ふHぶ 4
ふIぶ 3
ふSぶ 2

���ふEEARどヲヰヱヴぶ QUESTÃO ヵヴ

SW i Y ; ┌ﾐｷS;SW ｷﾏ;ｪｷﾐ=ヴｷ;が ヮﾗSWどゲW ;gヴﾏ;ヴ ケ┌W i7 Y ｷｪ┌;ﾉ ;

ヵヵ
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ふ;ぶ iく
ふHぶ i2く
ふIぶ i3く
ふSぶ i4く

���ふEEARどヲヰヱヵぶ QUESTÃO ヵヵ

SWﾃ;ﾏ z ┌ﾏ ﾐ┎ﾏWヴﾗ IﾗﾏヮﾉW┝ﾗ W z ′ ﾗ Iﾗﾐﾃ┌ｪ;Sﾗ SW zく SW z1 = z+z ′ W z2 = z−z ′が ヮﾗSWどゲW ｪ;ヴ;ﾐピヴ
ケ┌W

ふ;ぶ z1 Y ┌ﾏ ﾐ┎ﾏWヴﾗ ヴW;ﾉ W z2 Y ┌ﾏ ｷﾏ;ｪｷﾐ=ヴｷﾗ ヮ┌ヴﾗく
ふHぶ z1 Y ┌ﾏ ｷﾏ;ｪｷﾐ=ヴｷﾗ ヮ┌ヴﾗ W z2 Y ┌ﾏ ﾐ┎ﾏWヴﾗ ヴW;ﾉく
ふIぶ z1 W z2 ゲ?ﾗ ｷﾏ;ｪｷﾐ=ヴｷﾗゲ ヮ┌ヴﾗゲく
ふSぶ z1 W z2 ゲ?ﾗ ﾐ┎ﾏWヴﾗゲ ヴW;ｷゲく

���ふEEARどヲヰヱヵぶ QUESTÃO ヵヶ

SWﾃ; z =
√
3 · (Iﾗゲ 20◦ + i · ゲWﾐ20◦) ┌ﾏ ﾐ┎ﾏWヴﾗ IﾗﾏヮﾉW┝ﾗ ﾐ; aﾗヴﾏ; デヴｷｪﾗﾐﾗﾏYデヴｷI;く áゲゲｷﾏが z2 Y

ｷｪ┌;ﾉ ;ぎ

ふ;ぶ 3 · (Iﾗゲ 20◦ + i · ゲWﾐ20◦)
ふHぶ 3 · (Iﾗゲ 40◦ + i · ゲWﾐ40◦)
ふIぶ 2

√
3 · (Iﾗゲ 20◦ + i · ゲWﾐ20◦)

ふSぶ 2
√
3 · (Iﾗゲ 40◦ + i · ゲWﾐ40◦)

���ふEEARどヲヰヱヶぶ QUESTÃO ヵΑ

SWﾃ;ﾏ Z1 W Z2 Sﾗｷゲ ﾐ┎ﾏWヴﾗゲ IﾗﾏヮﾉW┝ﾗゲく S;HWどゲW ケ┌W ﾗ ヮヴﾗS┌デﾗ SW Z1 W Z2 Y −10 + 10iく SW
Z1 = 1+ 2iが Wﾐデ?ﾗ ﾗ ┗;ﾉﾗヴ SW Z2 Y ｷｪ┌;ﾉ ;

ふ;ぶ 5+ 6i

ふHぶ 2+ 6i

ふIぶ 2+ 15i

ふSぶ −6+ 6i

���ふEEARどヲヰヱヶぶ QUESTÃO ヵΒ

ヵヶ
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S;HWどゲW ケ┌W ﾗゲ ﾐ┎ﾏWヴﾗゲ IﾗﾏヮﾉW┝ﾗゲZ1 = [2m(3+m)]+(3n+5)i WZ2 = (2m2+12)+[4(n+1)]i

ゲ?ﾗ ｷｪ┌;ｷゲく Eﾐデ?ﾗが ﾗゲ ┗;ﾉﾗヴWゲ SWm W n ゲ?ﾗが ヴWゲヮWIピ┗;ﾏWﾐデW

ふ;ぶ 3 W 1
ふHぶ 2 W 1
ふIぶ 2 W−1

ふSぶ 3 W−1

���ふEEARどヲヰヱΑぶ QUESTÃO ヵΓ

CﾗﾐゲｷSWヴW z1 = (2+ x) + (x2 − 1)i W z2 = (m− 1) + (m2 − 9)iく SW z1 Y ┌ﾏ ﾐ┎ﾏWヴﾗ ｷﾏ;ｪｷﾐ=ヴｷﾗ
ヮ┌ヴﾗ W z2 Y ┌ﾏ ﾐ┎ﾏWヴﾗ ヴW;ﾉが Y IﾗヴヴWデﾗ ;gヴﾏ;ヴ ケ┌W x+m ヮﾗSW ゲWヴ ｷｪ┌;ﾉ ;

ふ;ぶ 1
ふHぶ 2
ふIぶ 3
ふSぶ 4

���ふEEARどヲヰヱΑぶ QUESTÃO ヶヰ

SW i Y ; ┌ﾐｷS;SW ｷﾏ;ｪｷﾐ=ヴｷ;が Wﾐデ?ﾗ 2i3 + 3i2 + 3i+ 2 Y ┌ﾏ ﾐ┎ﾏWヴﾗ IﾗﾏヮﾉW┝ﾗ ケ┌W ヮﾗSW ゲWヴ ヴWヮヴWど
ゲWﾐデ;Sﾗ ﾐﾗ ヮﾉ;ﾐﾗ SW áヴｪ;ﾐSど G;┌ゲゲ ﾐﾗ ケ┌;Sヴ;ﾐデWく

ふ;ぶ ヮヴｷﾏWｷヴﾗ
ふHぶ ゲWｪ┌ﾐSﾗ
ふIぶ デWヴIWｷヴﾗ
ふSぶ ケ┌;ヴデﾗ

���ふEEARどヲヰヱΒぶ QUESTÃO ヶヱ

SWﾃ;ﾏ ﾗゲ ﾐ┎ﾏWヴﾗゲ IﾗﾏヮﾉW┝ﾗゲ z1 = 1− iが z2 = 3+ 5i W z3 = z1 + z2く O ﾏﾙS┌ﾉﾗ SW z3 Y ｷｪ┌;ﾉ ;

ふ;ぶ 2
√
2

ふHぶ 4
√
2

ふIぶ 2
√
3

ふSぶ 4
√
3

���ふEEARどヲヰヱΒぶ QUESTÃO ヶヲ

ヵΑ
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D;Sﾗ ﾗ ﾐ┎ﾏWヴﾗ IﾗﾏヮﾉW┝ﾗ z = a+ biが ゲW z+ z = 10 W z− z = −16iが Wﾐデ?ﾗ a+ b Y

ふ;ぶ −6

ふHぶ −3

ふIぶ 2
ふSぶ 8

���ふEEARどヲヰヱΓぶ QUESTÃO ヶン

á ヮ;ヴデW ヴW;ﾉ S;ゲ ヴ;ｹ┣Wゲ IﾗﾏヮﾉW┝;ゲ S; Wケ┌;N?ﾗ x2 − 4x+ 13 = 0が Y ｷｪ┌;ﾉ ;

ふ;ぶ 1
ふHぶ 2
ふIぶ 3
ふSぶ 4

���ふEEARどヲヰヱΓぶ QUESTÃO ヶヴ

SW i Y ; ┌ﾐｷS;SW ｷﾏ;ｪｷﾐ=ヴｷ; Sﾗゲ ﾐ┎ﾏWヴﾗゲ IﾗﾏヮﾉW┝ﾗゲが ﾗ ┗;ﾉﾗヴ SW i15 + i17 Y

ふ;ぶ −i

ふHぶ −1

ふIぶ 0
ふSぶ 1

���ふEFOMMどヲヰヰヵぶ QUESTÃO ヶヵ

DWデWヴﾏｷﾐW ﾗ ┗;ﾉﾗヴ SW ┝ ヮ;ヴ; ケ┌W ﾗ ヮヴﾗS┌デﾗ (12− 2i)[18+ (x− 2)i] ゲWﾃ; ┌ﾏ ﾐ┎ﾏWヴﾗ ヴW;ﾉく

ふ;ぶ 4
ふHぶ 5
ふIぶ 6
ふSぶ 7
ふWぶ 8

���ふEFOMMどヲヰヰヶぶ QUESTÃO ヶヶ

O ｷﾐ┗Wヴゲﾗ Sﾗ IﾗﾏヮﾉW┝ﾗ 2i Yぎ

ヵΒ
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ふ;ぶ 1

2
− i

ふHぶ 1

2
+ i

ふIぶ i

2

ふSぶ −i

2
ふWぶ −2

���ふEFOMMどヲヰヰヶぶ QUESTÃO ヶΑ

Q┌;ﾉ ﾗ ┗;ﾉﾗヴ SW eが ケ┌W Y ┌ﾏ WゲI;ﾉ;ヴ ヴW;ﾉが Wﾏ ケ┌W ; ヮ;ヴデW ｷﾏ;ｪｷﾐ=ヴｷ; Sﾗ ﾐ┎ﾏWヴﾗ IﾗﾏヮﾉW┝ﾗ 2+ i

e+ 2i
Y

ﾐ┌ﾉ;い

ふ;ぶ −4

ふHぶ −2

ふIぶ 1
ふSぶ 2
ふWぶ 4

���ふEFOMMどヲヰヰΑぶ QUESTÃO ヶΒ

O ;ヴｪ┌ﾏWﾐデﾗ Sﾗ ﾐ┎ﾏWヴﾗ IﾗﾏヮﾉW┝ﾗ −
1

2
−

1

2
i Yぎ

ふ;ぶ 45◦

ふHぶ 60◦

ふIぶ 90◦

ふSぶ 135◦

ふWぶ 225◦

���ふEFOMMどヲヰヰΒぶ QUESTÃO ヶΓ

áﾐ;ﾉｷゲW ;ゲ ;gヴﾏ;ピ┗;ゲ ;H;ｷ┝ﾗが ゲWﾐSﾗ z ∈ Cぎ

Iど SWW =
3i+ 6z− iz2

2+ 2z2 + 3iz+ 3|z|2 + |z|
Wﾐデ?ﾗヮﾗSWﾏﾗゲ ;gヴﾏ;ヴ ケ┌WW =

−3i+ 6z+ iz2

2+ 2z2 − 3iz+ 3|z|2 + |z|
く

IIど D;Sﾗ |z− 3i| = 2 ヮﾗSWﾏﾗゲ ;gヴﾏ;ヴ ケ┌W Y ┌ﾏ; IｷヴI┌ﾐaWヴZﾐIｷ; SW IWﾐデヴﾗ (0, 3) W ヴ;ｷﾗ 2く

IIIど á aﾗヴﾏ; デヴｷｪﾗﾐﾗﾏYデヴｷI; SWw = 6i Yw = 6
(

ゲWﾐ π
2
+ i Iﾗゲ π

2

)

く

ヵΓ
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IVど S;HWどゲW ケ┌W−1 Y ヴ;ｷ┣ S┌ヮﾉ; Sﾗ ヮﾗﾉｷﾐﾚﾏｷﾗ P(x) = 2x4 + x3 − 3x2 − x+ 1く Lﾗｪﾗが ;ゲ ﾗ┌デヴ;ゲ ヴ;ｹ┣Wゲ
ゲ?ﾗ ﾐ┎ﾏWヴﾗゲ ｷﾐデWｷヴﾗゲく

ふ;ぶ áゲ ;gヴﾏ;ピ┗;ゲ I W IV ゲ?ﾗ ┗WヴS;SWｷヴ;ゲく
ふHぶ áヮWﾐ;ゲ ; ;gヴﾏ;ピ┗; I Y ┗WヴS;SWｷヴ;く
ふIぶ áゲ ;gヴﾏ;ピ┗;ゲ II W IV ゲ?ﾗ a;ﾉゲ;ゲく
ふSぶ áゲ ;gヴﾏ;ピ┗;ゲ I W II ゲ?ﾗ ┗WヴS;SWｷヴ;ゲく
ふWぶ áヮWﾐ;ゲ ; ;gヴﾏ;ピ┗; II Y a;ﾉゲ;く

���ふEFOMMどヲヰヰΒぶ QUESTÃO Αヰ

É HWﾏ IﾗﾐｴWIｷS; ; ヴWﾉ;N?ﾗ Iﾗゲθ =
Wiθ + W−iθ

2
が ﾗﾐSW θ Y ┌ﾏ >ﾐｪ┌ﾉﾗ Wﾏ ヴ;Sｷ;ﾐﾗゲ W i =

√
−1く D;S;

; ヴWﾉ;N?ﾗが ヮﾗSWﾏﾗゲ IﾗﾐIﾉ┌ｷヴ ケ┌W ゲW θ Y ┌ﾏ ﾐ┎ﾏWヴﾗ ｷﾏ;ｪｷﾐ=ヴｷﾗ ヮ┌ヴﾗ S; aﾗヴﾏ; biが ﾗﾐSW b ∈ Rが Iﾗゲθ
Y ┌ﾏ ﾐ┎ﾏWヴﾗぎ

ふ;ぶ WﾐデヴW−1 W 1
ふHぶ ﾏ;ｷﾗヴ ケ┌W −1 W ﾏWﾐﾗヴ ケ┌W ヰ
ふIぶ ﾏ;ｷﾗヴ ケ┌W 1
ふSぶ ｷｪ┌;ﾉ ; 1
ふWぶ ｷﾏ;ｪｷﾐ=ヴｷﾗ ヮ┌ヴﾗく

���ふEFOMMどヲヰヰΓぶ QUESTÃO Αヱ

Q┌;ﾉ Y ﾗ ﾏWﾐﾗヴ ┗;ﾉﾗヴ Sﾗ ﾐ┎ﾏWヴﾗ ﾐ;デ┌ヴ;ﾉ ヮﾗゲｷピ┗ﾗ n ヮ;ヴ; ケ┌W (
√
3+ i)nが ﾗﾐSW i Y ; ┌ﾐｷS;SW ｷﾏ;ｪｷど

ﾐ=ヴｷ;が ゲWﾃ; ┌ﾏ ﾐ┎ﾏWヴﾗ ヴW;ﾉい

ふ;ぶ 2
ふHぶ 3
ふIぶ 4
ふSぶ 5
ふWぶ 6

���ふEFOMMどヲヰヱヰぶ QUESTÃO Αヲ

CﾗﾐゲｷSWヴW ﾗ Iﾗﾐﾃ┌ﾐデﾗ Sﾗゲ ﾐ┎ﾏWヴﾗゲ IﾗﾏヮﾉW┝ﾗゲ z Iﾗﾏ ; ヮヴﾗヮヴｷWS;SW |z+169i| ≤ 65が ;SﾏｷピﾐSﾗ ケ┌W
i Y ; ┌ﾐｷS;SW ｷﾏ;ｪｷﾐ=ヴｷ;く O WﾉWﾏWﾐデﾗ SWゲゲW Iﾗﾐﾃ┌ﾐデﾗ ケ┌W ヮﾗゲゲ┌ｷ ﾗ ﾏ;ｷﾗヴ ;ヴｪ┌ﾏWﾐデﾗ θが 0 ≤ θ ≤ 2πが
Y ｷｪ┌;ﾉ ;ぎ
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ふ;ぶ 60− 144i

ふHぶ 65− 169i

ふIぶ −104i

ふSぶ −65− 169i

ふWぶ 65− 156i

���ふEFOMMどヲヰヱヱぶ QUESTÃO Αン

SWﾃ;ﾏ ﾗゲ ﾐ┎ﾏWヴﾗゲ IﾗﾏヮﾉW┝ﾗゲ z デ;ｷゲ ケ┌W 1

3
|z| = |z+ 1|く O ﾉ┌ｪ;ヴ ｪWﾗﾏYデヴｷIﾗ S;ゲ ｷﾏ;ｪWﾐゲ SWゲゲWゲ

ﾐ┎ﾏWヴﾗゲ IﾗﾏヮﾉW┝ﾗゲ Y ┌ﾏ;

ふ;ぶ ヮ;ヴ=Hﾗﾉ;
ふHぶ ヴWデ;
ふIぶ IｷヴI┌ﾐaWヴZﾐIｷ; SW ヴ;ｷﾗ 3

8

ふSぶ IｷヴI┌ﾐaWヴZﾐIｷ; SW ヴ;ｷﾗ 3

2
ふWぶ ｴｷヮYヴHﾗﾉW

���ふEFOMMどヲヰヱヲぶ QUESTÃO Αヴ

á ゲﾗﾉ┌N?ﾗ S; Wケ┌;N?ﾗ |z|+ z = 1+ 3i Y ┌ﾏ ﾐ┎ﾏWヴﾗ IﾗﾏヮﾉW┝ﾗ SW ﾏﾙS┌ﾉﾗぎ

ふ;ぶ 5

4
ふHぶ 5
ふIぶ

√
5

ふSぶ
√
5

2

ふWぶ 5

2

���ふEFOMMどヲヰヱンぶ QUESTÃO Αヵ

SW ﾗゲ ﾐ┎ﾏWヴﾗゲ ヴW;ｷゲ x W y ゲ?ﾗ ゲﾗﾉ┌NﾛWゲ S; Wケ┌;N?ﾗ
(

1+ i

1− i

)

+
1

x+ iy
= 1+ iが Wﾐデ?ﾗ 5x+ 15y Y

ｷｪ┌;ﾉ ;ぎ

ふ;ぶ 0
ふHぶ −1

ふIぶ 1
ふSぶ

√
2

ヶヱ
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ふWぶ −
√
2

���ふEFOMMどヲヰヱヴぶ QUESTÃO Αヶ

S;HWﾐSﾗどゲW ケ┌W ; ヴ;ｷ┣ ケ┌;Sヴ;S; Sﾗ ﾐ┎ﾏWヴﾗ IﾗﾏヮﾉW┝ﾗ −16 + 30i Y (a + bi) ﾗ┌ (c + di)が ﾗﾐSW
a,b, c, d ∈ R W a > 0が ヮﾗSWどゲW ;gヴﾏ;ヴ ケ┌W ﾗ ┗;ﾉﾗヴ SW a+ d Yぎ

ふ;ぶ +2く
ふHぶ +1く
ふIぶ 0く
ふSぶ −1く
ふWぶ −2く

���ふEFOMMどヲヰヱヵぶ QUESTÃO ΑΑ

CﾗﾐゲｷSWヴW ﾗ ﾐ┎ﾏWヴﾗ IﾗﾏヮﾉW┝ﾗ z1 ̸= 1が デ;ﾉ ケ┌W z1 ゲWﾃ; ゲﾗﾉ┌N?ﾗ S; Wケ┌;N?ﾗ z6 = 1が Iﾗﾏ ﾏWﾐﾗヴ
;ヴｪ┌ﾏWﾐデﾗ ヮﾗゲｷピ┗ﾗく á ゲﾗﾉ┌N?ﾗ z2 S; ﾏWゲﾏ; Wケ┌;N?ﾗが I┌ﾃﾗ ;ヴｪ┌ﾏWﾐデﾗ Y ﾗ デヴｷヮﾉﾗ Sﾗ ;ヴｪ┌ﾏWﾐデﾗ SW z1が
Y ｷｪ┌;ﾉ ;

ふ;ぶ 1

2
+ i

√
3

2

ふHぶ −1

2
+ i

√
3

2
ふIぶ −1

ふSぶ −1

2
− i

√
3

2

ふWぶ 1

2
− i

√
3

2

���ふEFOMMどヲヰヱヶぶ QUESTÃO ΑΒ

SWﾃ; ﾗ ﾐ┎ﾏWヴﾗ IﾗﾏヮﾉW┝ﾗ z = −1−
√
3iが ﾗﾐSW i Y ; ┌ﾐｷS;SW ｷﾏ;ｪｷﾐ=ヴｷ;く O ┗;ﾉﾗヴ SW z8 Yぎ

ふ;ぶ z = 256

(

Iﾗゲ 4π
3

+ iゲWﾐ 4π
3

)

ふHぶ z = 256
(

Iﾗゲ π
3
+ iゲWﾐ π

3

)

ふIぶ z = 256

(

Iﾗゲ 5π
3

+ iゲWﾐ 5π
3

)

ふSぶ z = 256

(

Iﾗゲ 2π
3

+ iゲWﾐ 2π
3

)

ふWぶ z = 256 (Iﾗゲ 2π+ iゲWﾐ2π)
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���ふEFOMMどヲヰヱヶぶ QUESTÃO ΑΓ

O ﾐ┎ﾏWヴﾗ IﾗﾏヮﾉW┝ﾗが z = |z| · (Iﾗゲθ+ i · ゲWﾐθ)が ゲWﾐSﾗ i ; ┌ﾐｷS;SW ｷﾏ;ｪｷﾐ=ヴｷ; W 0 ≤ θ ≤ 2πが ケ┌W
ゲ;ピゲa;┣ ; ｷﾐWケ┌;N?ﾗ |z+ 3i| ≤ 2 W ケ┌W ヮﾗゲゲ┌ｷ ﾗ ﾏWﾐﾗヴ ;ヴｪ┌ﾏWﾐデﾗ θが Y

ふ;ぶ z = −
5

3
−

2
√
5

3
i

ふHぶ z = −
5

3
+

2
√
5

3
i

ふIぶ z = −
2
√
5

3
−

5

3
i

ふSぶ z = −
2
√
5

3
+

5

3
i

ふWぶ z = −2
√
5+ 5i

���ふEFOMMどヲヰヱΒぶ QUESTÃO Βヰ

RWゲﾗﾉ┗WﾐSﾗ 1+ i+ i2 + . . .+ inが Iﾗﾏ n = 4k+ 1 W k ∈ Z ふﾐﾗゲ ｷﾐデWｷヴﾗゲぶが ﾗHデWﾏﾗゲ

ふ;ぶ in

ふHぶ 1+ in

ふIぶ 1
ふSぶ 1+ i2

ふWぶ 1+ i

���ふEFOMMどヲヰヱΒぶ QUESTÃO Βヱ

RWゲﾗﾉ┗WﾐSﾗ ﾗ ゲｷゲデWﾏ;

{
|z− 2| = |z+ 4|

|z− 3|+ |z+ 3| = 10
が ヮ;ヴ; z IﾗﾏヮﾉW┝ﾗが WﾐIﾗﾐデヴ;ﾏﾗゲ Iﾗﾏﾗ ゲﾗﾉ┌N?ﾗ

ふ;ぶ −1+
8
√
6

5
iき−1−

8
√
6

5

ふHぶ +1+
8
√
6

5
iき+1−

8
√
6

5

ふIぶ −1+
6
√
8

5
iき−1−

6
√
8

5

ふSぶ +1+
6
√
8

5
iき+1−

6
√
8

5

ふWぶ +1−
8
√
6

5
iき−1−

8
√
6

5
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Q┌Wゲデ?ﾗ ヱぎ á
Q┌Wゲデ?ﾗ ヲぎ B
Q┌Wゲデ?ﾗ ンぎ á
Q┌Wゲデ?ﾗ ヴぎ á
Q┌Wゲデ?ﾗ ヵぎ á
Q┌Wゲデ?ﾗ ヶぎ C
Q┌Wゲデ?ﾗ Αぎ B
Q┌Wゲデ?ﾗ Βぎ B
Q┌Wゲデ?ﾗ Γぎ á
Q┌Wゲデ?ﾗ ヱヰぎ á
Q┌Wゲデ?ﾗ ヱヱぎ D
Q┌Wゲデ?ﾗ ヱヲぎ D
Q┌Wゲデ?ﾗ ヱンぎ B
Q┌Wゲデ?ﾗ ヱヴぎ á
Q┌Wゲデ?ﾗ ヱヵぎ B
Q┌Wゲデ?ﾗ ヱヶぎ á
Q┌Wゲデ?ﾗ ヱΑぎ C
Q┌Wゲデ?ﾗ ヱΒぎ B
Q┌Wゲデ?ﾗ ヱΓぎ á
Q┌Wゲデ?ﾗ ヲヰぎ á
Q┌Wゲデ?ﾗ ヲヱぎ á

Q┌Wゲデ?ﾗ ヲヲぎ B
Q┌Wゲデ?ﾗ ヲンぎ C
Q┌Wゲデ?ﾗ ヲヴぎ C
Q┌Wゲデ?ﾗ ヲヵぎ C
Q┌Wゲデ?ﾗ ヲヶぎ á
Q┌Wゲデ?ﾗ ヲΑぎ B
Q┌Wゲデ?ﾗ ヲΒぎ C
Q┌Wゲデ?ﾗ ヲΓぎ D
Q┌Wゲデ?ﾗ ンヰぎ D
Q┌Wゲデ?ﾗ ンヱぎ C
Q┌Wゲデ?ﾗ ンヲぎ á
Q┌Wゲデ?ﾗ ンンぎ B
Q┌Wゲデ?ﾗ ンヴぎ C
Q┌Wゲデ?ﾗ ンヵぎ á
Q┌Wゲデ?ﾗ ンヶぎ D
Q┌Wゲデ?ﾗ ンΑぎ B
Q┌Wゲデ?ﾗ ンΒぎ D
Q┌Wゲデ?ﾗ ンΓぎ C
Q┌Wゲデ?ﾗ ヴヰぎ B
Q┌Wゲデ?ﾗ ヴヱぎ C
Q┌Wゲデ?ﾗ ヴヲぎ B

Q┌Wゲデ?ﾗ ヴンぎ B
Q┌Wゲデ?ﾗ ヴヴぎ á
Q┌Wゲデ?ﾗ ヴヵぎ B
Q┌Wゲデ?ﾗ ヴヶぎ á
Q┌Wゲデ?ﾗ ヴΑぎ D
Q┌Wゲデ?ﾗ ヴΒぎ á
Q┌Wゲデ?ﾗ ヴΓぎ B
Q┌Wゲデ?ﾗ ヵヰぎ D
Q┌Wゲデ?ﾗ ヵヱぎ D
Q┌Wゲデ?ﾗ ヵヲぎ á
Q┌Wゲデ?ﾗ ヵンぎ á
Q┌Wゲデ?ﾗ ヵヴぎ C
Q┌Wゲデ?ﾗ ヵヵぎ á
Q┌Wゲデ?ﾗ ヵヶぎ B
Q┌Wゲデ?ﾗ ヵΑぎ B
Q┌Wゲデ?ﾗ ヵΒぎ B
Q┌Wゲデ?ﾗ ヵΓぎ á
Q┌Wゲデ?ﾗ ヶヰぎ B
Q┌Wゲデ?ﾗ ヶヱぎ B
Q┌Wゲデ?ﾗ ヶヲぎ B
Q┌Wゲデ?ﾗ ヶンぎ B

Q┌Wゲデ?ﾗ ヶヴぎ C

Q┌Wゲデ?ﾗ ヶヵぎ B

Q┌Wゲデ?ﾗ ヶヶぎ D

Q┌Wゲデ?ﾗ ヶΑぎ E

Q┌Wゲデ?ﾗ ヶΒぎ E

Q┌Wゲデ?ﾗ ヶΓぎ D

Q┌Wゲデ?ﾗ Αヰぎ C

Q┌Wゲデ?ﾗ Αヱぎ E

Q┌Wゲデ?ﾗ Αヲぎ á

Q┌Wゲデ?ﾗ Αンぎ C

Q┌Wゲデ?ﾗ Αヴぎ B

Q┌Wゲデ?ﾗ Αヵぎ B

Q┌Wゲデ?ﾗ Αヶぎ E

Q┌Wゲデ?ﾗ ΑΑぎ C

Q┌Wゲデ?ﾗ ΑΒぎ D

Q┌Wゲデ?ﾗ ΑΓぎ C

Q┌Wゲデ?ﾗ Βヰぎ C

Q┌Wゲデ?ﾗ Βヱぎ á
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ヲくン Íã-Ëæ° R°âËþþË6ê

ág┝ﾗが ヱΑ
áヴｪ┌ﾏWﾐデﾗ SW ┌ﾏ IﾗﾏヮﾉW┝ﾗが ヲヱ

Cﾗﾐﾃ┌ｪ;Sﾗ SW ┌ﾏ ﾐ┎ﾏWヴﾗ IﾗﾏヮﾉW┝ﾗが ヱヴ

Fﾗヴﾏ; ;ﾉｪYHヴｷI;が ヶ

Iﾏ;ｪｷﾐ=ヴｷﾗ ヮ┌ヴﾗが Α

MﾙS┌ﾉﾗ SW ┌ﾏ ﾐ┎ﾏWヴﾗ IﾗﾏヮﾉW┝ﾗが Β

P;ヴデW ｷﾏ;ｪｷﾐ=ヴｷ;が ヶ
P;ヴデW ヴW;ﾉが ヶ
Pﾉ;ﾐﾗ SW áヴｪ;ﾐSどG;┌ゲゲが ヱΑ
PヴｷﾏWｷヴ; ﾉWｷ SW DW Mﾗｷ┗ヴWが ンヴ

RW;ﾉ ヮ┌ヴﾗが Α

SWｪ┌ﾐS; LWｷ SW DW Mﾗｷ┗ヴWが ンヶ

UﾐｷS;SW ｷﾏ;ｪｷﾐ=ヴｷ;が ヴ

ヶヵ
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