
1ÊÙ Eê�Úõ�ª

3 ��Ïf©)��

3�!¥D´��, D∗ = D \ {0}, UD�LD¥�_

�, F �L�.

3.2 ��Ïf©)��

½Â 3.7 � a ∈ D∗ ´Ø�_�. XJ�3Ø���

p1, . . . , pn¦�

a = p1 · · · pn.

K¡ akØ��©). 
þª¡� a���Ø��©).

d1�Ù1�ù¥~ 7.20��, z�ýé��u 1��ê

ÑkØ��©).

~ 3.8 44 = 22 · 11, −45 = −32 · 9.

242340461377689532 = 41 · 11 · 22 · 13 · 32145712.

~ 3.9 � f ∈ F [x] \ F . y²: f kØ��©).

y². � n = deg(f ). ·�é n8B. � n = 1�, f ´Ø

��õ�ª. (Ø¤á. � n > 1�(Øé?Ûgê�u

"��u n�õ�ªÑ¤á. �Ägê�u n��/. X
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J f ´Ø���, K(Ø¤á. ÄK, �3gê����

u n�õ�ª g, h ∈ F [x]¦� f = gh (�1ÊÙ1�ù

·K 2.3). d8Bb���, g Ú hÑ´eZ�Ø��õ

�ª�È. � f �´.

½Â 3.10 �D��.·�¡D´��Ïf©)��(unique

factorization domain, UFD), XJ D ¥z��"�ü 

��� aÑ÷ve�ü�^�.

(i) a�±�¤ D¥k�õ�Ø�����È;

(ii) �

a = p1 · · · pm = q1 · · · qn,

Ù¥ p1, . . . , pm, q1, . . . , qn ´ D ¥�Ø���, K

m = n�·�N�eI�, ·�k

p1 ≈ q1, . . . , pm ≈ qm.

·K 3.11 � D÷vþã½Â¥�^� (i). K D´��

Ïf©)����=� D¥�Ø���Ñ´��.

y². k�þã½Â¥�^� (ii)�¤á. ·�y²D¥

�Ø���Ñ´��.

� q ∈ D´Ø���� q|st, Ù¥ s, t ∈ D∗. K�3
r ∈ D∗¦� rq = st. Ï�D´��Ïf©)��, ¤±

r = ur1 · · · rk, s = vs1 · · · sm, t = wt1 · · · tn,
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Ù¥ u, v, w ∈ UD, r1, . . . , rk, s1, . . . , sm, t1, . . . , tn ∈ D´Ø
���. K

ur1 · · · rkq = (vw)s1 · · · smt1 · · · tn.

�

r1 · · · rkq = (u−1vw)s1 · · · smt1 · · · tn.

dþã½Â^� (ii)��, q� s1, . . . , sm, t1, . . . , tn¥,�

����. � q|s½ q|t. = q´��.

2� D¥�Ø���Ñ´��. ·�y²þã½Â

¥�^� (ii)¤á. � x ∈ D∗Ø�_. dþã½Â¥^�

(i)��, �3Ø��� p1, . . . , pm¦�

x = p1 · · · pm.

2� x�,��Ø��©)´

x = q1 · · · qn,

Ù¥ q1, . . . , qn´D¥�Ø���. Ø��m ≤ n. K

p1|q1q2 · · · qn = q1(q2 · · · qn).

Ï� p1´��,¤± p1|q1Ú p1|q2 · · · qn.� p1�Ø,� qi.

·�N�eI, ·�Ø�b� p1|q1. u´, �3 a ∈ D¦
� q1 = up1. Ï� q1´Ø���� p1Ø�_,¤± u�_.

dd��, p1 ≈ q1�

p2 · · · pm = uq2q3 · · · qn.
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­EÓ��ínÚ·�N�eI, ·���

p2 ≈ q2, . . . , pm ≈ qm.

l
·�k

1 = uqn−m−1 · · · qn.

��m < n�, qn−m−1, . . ., qn´Ñ´�_�. gñ. dd

��, m = n. �

5) 3.12 � D´��Ïf©)��, a ∈ D, �

a = p1 · · · pn,

Ù¥ p1, . . . , pn´Ø���. XJ p1 ≈ pn, K�3 u1 ∈ UD
¦� pn = u1p1. �

a = u1p
2
1 · · · pn−1.

­EþãÚ½¿·���eI, ·�k

a = upm1
1 · · · p

m`
` , (1)

Ù¥ u ∈ UD, p1, . . . , p` ´üüpØ���Ø���, �

m1, . . . ,m`´��ê. AO/, XJ q´ a�Ø��Ïf,

K�3 i ∈ {1, . . . , `}¦� q ≈ pi. ·�¡ (1)´ a���

IOØ��©).

½n 3.13 �ê� Z´��Ïf©)��.
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y². �âþÆÏ1�Ù1�ùÚn 7.23��, �ê�¥

z��ê(Ø���)Ñ´��. �â·K 3.11, Z´��Ï
f©)��. �

~ 3.14 44 = 22 · 11, −45 = −32 · 9.

242340461377689532 = 41 · 11 · 22 · 13 · 32145712.

½n 3.15 � F ´�. Kõ�ª� F [x]´��Ïf©)

��.

y². �â~ 3.9Ú·K 3.11, ·���y² F [x]¥�g

ê�u"�Ø��õ�ªÑ´��=�. � f ´ù���

õ�ª. 2� g, h ∈ F [x]÷v f |gh. ·��y² f |g½ö
f |h. b� f - g. ·�y² f |h=�.Ï� f Ø��,¤± f

Ú gp�. �âþÆÏ1�Ôù½n 2.13, �3 u, v ∈ F [x]

¦�

uf + vg = 1 =⇒ ufh + vgh = h.

Ï� f |(fh)Ú f |(gh), ¤± f |h (þÆÏ1�Ôù·K 2.3

(ii)). �

~ 3.16 �

f = (2x− 1)︸ ︷︷ ︸
q1

(10x− 5)︸ ︷︷ ︸
q2

(
1

2
x2 − 1

3
x + 2

)
︸ ︷︷ ︸

q3

∈ Q[x].
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�gõ�ª q1Ú q2´ Q[x]¥�Ø��õ�ª. �gõ�

ª q3 ��Oª�u". � q3 �´ Q[x]¥�Ø��õ�

ª. O�z�Ïf�Ä�Ü©��

f = 10

x− 1

2︸ ︷︷ ︸
p1


2(
x2 − 2

3
x + 4

)
︸ ︷︷ ︸

p2

.

~ 3.17 y²: f (x) = x4 + 13 Q[x]¥Ø���3 R[x]

¥��.

y. Ï� f (x)3¢êþð�, ¤± f (x)vkkn�. �â

{ª½n, f (x)vk�gÏf. b�

f (x) = (x2 + ax + b)(x2 + cx + d),

Ù¥ a, b, c, d ∈ Q. �â�½Xê{��
a + c = 0

ac + b + d = 0

ad + bc = 0

bd = 1

=⇒

 a2 −
(
b + 1

b

)
= 0

a
(
b− 1

b

)
= 0.

u´, a = 0½ b2 = 1. cö¿�X b + 1/b = 0, 
�ö%

¹ a2 = ±2. ù3knê�¥ÑØ�U.

ÏL��{��

f (x) = (x2 + 1)2− 2x2 = (x2−
√

2x+ 1)(x2 +
√

2x+ 1). �
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5) 3.18 é?Û�ê p, x4 + 1̄3 Zp[x]¥��. ~X: �

p = 2�,

(x4 + 1̄) = (x + 1̄)4 (�Æ�c?#)��).

� p = 3�

(x4 + 1̄) = (x2 − x− 1̄)(x2 + x− 1̄) (���y).

3.3 ­ê

½Â 3.19 � D ´��Ïf©)��, a∈D∗ Ú p∈D∗ ´
Ø���. XJ�K�êm¦� pm|a� pm+1 - a, K¡m

´ p3 a¥�­ê(multiplicity).

½Â 3.20 � f ∈ F [x]∗Ú x− α ∈ F [x]. XJ (x− α)m|f
� (x− α)m+1 - f , K¡ α´ f ¥�m­�. �m = 1�,

α¡� f �ü�(simple root); �m > 1�, α¡� f �­

�(multiple root).

½n 3.21 � f ∈ F [x] \ F , α1, . . . , αs ∈ F ´ f pØ�Ó

��, Ù­ê©O´m1, . . . ,ms. K

(x− α1)
m1 · · · (x− αs)ms|f.

AO/, m1 + · · · + ms ≤ deg(f ).
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y². d½n 3.15��, F [x]´��Ïf©)��. 5¿

� x − α1, . . . , x − αs´ F [x]¥üüpØ���Ø��Ï

f. �(Ød5º 3.12����. �

·K 3.22 � D´��Ïf©)��, a, b ∈ D∗. K§�
���úÏfÚ��ú�ªÑ�3.

y². Ï� D´��Ïf©)��, ¤±�3 u, v ∈ UD,

pØ���Ø��� p1, . . . , pm,�K�ê i1, . . . , im, j1, . . . , jm

¦�

a = upi11 · · · pimm Ú b = vpj11 · · · pjmm .

-

g = p
min(i1,j1)
1 · · · pmin(im,jm)

m Ú ` = p
max(j1,i1)
1 · · · pmax(im,jm)

m .

K g´ a, b�úÏf� `´ a, b�ú�ª.

� d´ aÚ b�úÏf� q ´ d��� k ­Ø��

Ïf, Ù¥ k > 1. d·K 3.11��, q ´��. ��3

s ∈ {1, 2, . . . ,m}¦�

q ≈ ps, is > 0, js > 0.

·�C�eI�, Ø�� s = 1Ú q = p1. - d = d′q. K q

3 d′¥�­ê´ k − 1, � d′´

upi1−11 · · · pimm Ú vpj1−11 · · · pjmm

8



�úÏf. k�gÓ��ín��, k ≤ min(i1, j1). � d|g.

dd��, g = gcd(a, b).

aq/, � h´ aÚ b�ú�ª. Ï� a|h, ¤±é?

¿ s ∈ {1, . . . ,m}, piss |h. Ón pjss |h. u´, p
max(is,js)
s |h. �

ps3 h¥�­ê�u½�umax(is, js). u´, `|h. dd�

Ñ `´ a, b���ú�ª. �

3.4 GaussÚn

½Â 3.23 � D´��Ïf©)��, f ∈ D[x]∗. �

f = fnx
n + fn−1x

n−1 + · · · + f0, fi ∈ D, fn 6= 0.

K gcd(fn, fn−1, . . . , f0)¡� f�NÝ(content),P� cont(f ).

� f = cont(f )g, Ù¥ g ∈ D[x]∗÷v cont(g) = 1. ¡ g´

f ���Ü©(primitive part), P� pp(f ).

� h∈D[x]∗. XJ cont(h)=1, K¡ h´��õ�ª.

~ 3.24 � f (x) = 6x2 − 4x + 12. K

cont(f ) = 2, pp(f ) = 3x2 − 2x + 6.

½

cont(f ) = −2, pp(f ) = −(3x2 − 2x + 6).

5) 3.25 ��õ�ª�NÝÚ��Ü©3��¿Âe

´���.
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Ún 3.26 � D´��Ïf©)��, a1, . . . , am, b ∈ D∗.
y²: gcd(a1b, . . . , amb) = gcd(a1, . . . , am)b.

y². � g= gcd(a1, . . . , am)Ú h= gcd(a1b, . . . , amb). �â

þÆÏ1�Ô±ùÂ·K 2.7, ·��Iy² h|gbÚ gb|h.

Ï� b ´ a1b, . . . , amb �úÏf, ¤± b|h. ��3

c ∈ D ¦� h = bc. 2� aib = rih, Ù¥ ri ∈ D, i =

1, . . . , n. ·�k aib = ribc. k��Æ�� ai = ric. � c´

a1, . . . , an�úÏf. u´,

c|g =⇒ cb|gb =⇒ h|gb.

2� ai = sig, si ∈ D, i = 1, . . . , n. K

aib = sigb =⇒ gb|aib =⇒ gb|h. �

Ún 3.27 � D ´��Ïf©)��, f ∈ D[x]∗. 2

� a ∈ D∗, g ∈ D[x]∗ ´��õ�ª. XJ f = ag, K

a ≈ cont(f )Ú g ≈ pp(f ).

y². �

f = fnx
n + fn−1x

n−1 + · · · + f0

Ú

g = gnx
n + gn−1x

n−1 + · · · + g0,
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Ù¥ fi, gi ∈ D� fngn 6= 0. Ï� f = ag, ¤±

cont(f ) = cont(ag).

dÚn 3.26��, cont(f ) ≈ a. � a = ucont(f ), Ù¥ u ∈
UD. u´§ug = pp(f ). = g ≈ pp(f ). �

½n 3.28 (Gauss Ún) � D ´��Ïf©)��,

f, g ∈ D[x]∗Ñ´��õ�ª. K fg�´��õ�ª.

y². �

f = fmx
m + fm−1x

m−1 + · · · + f0

Ú

g = gnx
n + gn−1x

n−1 + · · · + g0,

Ù¥ fm, fm−1, . . . , f0, gn, gn−1, . . . , g0∈D� fm, gnÑ�".

b� fg Ø´���. K�3 D ¥Ø��� p ¦�

p|cont(fg). Ï� cont(f ) = 1, ¤±�3 i ∈ {0, 1, . . . ,m}
¦�

p|fm, p|fm−1, . . . , p|fi+1, � p - fi.

Ï� cont(g) = 1, ¤±�3 j ∈ {0, 1, . . . , n}¦�

p|gn, p|gn−1, . . . , p|gj+1, � p - gj.

5¿�3 fg3¥ xi+j�Xê´

c =
∑

k+`=i+j

fkg` � p|c.
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XJ `<j,K k>i. � p|fk =⇒ p|fkg`. XJ `>j,K p|g`. �
p|fkg`. u´, p|figj. �â·K 3.11, p|fi½ p|gj. gñ. �

íØ 3.29 � D´��Ïf©)��, f, g ∈ D[x]∗. K

cont(fg) ≈ cont(f )cont(g), pp(fg) ≈ pp(f )pp(g).

y². Ï� f = cont(f )pp(f )Ú g = cont(g)pp(g), ¤±

fg = cont(fg)pp(fg) = (cont(f )cont(g))pp(f )pp(g).

�â½n 3.28, pp(f )pp(g)´���. dÚn 3.27,

cont(fg) ≈ cont(f )cont(g), pp(fg) ≈ pp(f )pp(g). �

½n 3.30 � D´��Ïf©)��, F ´ D�©ª�.

� f ∈ D[x]� deg(f ) > 0. XJ f ØU�¤ü� D[x]¥

�gê�õ�ª�È. K f 3 F [x]Ø��.

y². b� f = gh, Ù¥ g, h ∈ F [x] \ F . Ï� F ´ D�

©ª�, ¤±�3 α, β ∈ D¦�

αf = βg̃h̃,

Ù¥ α, β∈D∗, g̃, h̃∈D[x] ´��õ�ª, deg(g̃)= deg(g),

deg(h̃) = deg(h). u´, αcont(f )pp(f ) = β(g̃h̃). �â½n

3.28��, pp(f ) = ug̃h̃, Ù¥ u ∈ UD. �

f = cont(f )pp(f ) = (cont(f )ug̃)h̃.

gñ. �
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½n 3.31 (Eisenstein Ø��5�O{) � D ´��Ï

f©)��, F ´ D�©ª�,

f = fnx
n + fn−1x

n−1 + · · · + f0,

Ù¥ n > 0, fn, fn−1, . . . , f0 ∈ D� fn 6= 0. � p´D¥�

Ø���. XJ

p - fn, p|fn−1, . . . , p|f0, p2 - f0,

K f 3 F [x]¥Ø��.

y². dþã½n��, ·���y² f ØU�¤D[x]¥

ü��gê�õ�ª�È=�. b�

f (x) = (gkx
k + · · · + g1x + g0)(h`x

` + · · · + h1x + h0),

Ù¥ k, ` ∈ Z+, gk, . . . , g1, g0, h`, . . . , h1, h0 ∈ D� gk, h`Ñ

Ø�u".

Ï� fn = gkh`� p - fn = gkh`, ¤± p - gk Ú p - h`
(·K 3.11). Ï� f0 = g0h0Ú p|f0, ¤± p|g0½ p|h0. Ø�
� p|g0. qÏ� p2 - f0, ¤± p - h0. Ï� p - gk Ú p|g0, ¤
±�3 i ∈ {0, 1, . . . , k}¦�

p|g0, · · · , p|gi−1 � p - gi.

K

fi = h0gi + h1gi−1 + · · · + hig0.
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Ï� i ≤ k < n, ¤± p|fi. dd��, p|h0gi. � p|h0 ½
p|gi. gñ. �

~ 3.32 y²: éu n > 1, xn − 2x + 23 Q[x]¥Ø��.

y². 5¿� 2 - 1, 2| − 2, 2|2� 22 - 2. �â½n 3.31, T

õ�ªØ��.

~ 3.33 � p´�ê. y²: xp−1 + xp−2 + · · · + x + 13

Q[x]¥Ø��.

y². � f (x) = xp−1 + xp−2 + · · · + x + 1. �ÄN�

φ : Z[x] −→ Z[x]

g(x) 7→ g(x + 1).

K φ´d Z ↪→ Z[x]Ú x 7→ x + 1p���Ó�. Ón

ψ : Z[x] −→ Z[x]

g(x) 7→ g(x− 1)

�´�Ó�. Ï� φ ◦ψ = ψ ◦φ = idZ[x], ¤± φ´�Ó�.

�y² f (x) 3 Q[x] ¥Ø��. ��y² f (x + 1)

3 Z[x] ¥Ø��(½n 3.30). du φ ´Ó�, ��y²

f (x + 1)3 Z[x]¥Ø��=�. 5¿�

f (x) =
xp − 1

x− 1
=⇒ f (x + 1) =

(x + 1)p − 1

x
.

�

f (x + 1) = xp−1 +

(
p

1

)
xp−2 + · · · +

(
p

2

)
x + p.
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d1�Ù1�ù~ 7.17Ú½n 3.31��, f (x + 1)Ø�

�. � f (x)�Ø��.

½n 3.34 � D´��Ïf©)��. K D[x]�´.

y². �â1ÊÙ1�ù½n 1.8, D[x]´��. �â1Ê

Ù1�ù·K 1.7, D¥�����U´eZ�Ó��¥

����È. Ï� D´��Ïf©)��, ¤± D∗¥�

��´eZ�D¥Ø�����È. aqu~ 3.9¥gê

ín, ·��±y²D[x] \D¥?Û��õ�ªÑ´eZ
D[x]¥Ø���õ�ª�È. 5¿�?¿ f ∈ D[x] \Dk
©) f = cont(f )pp(f ). � f ´D[x]¥eZØ����È.

�â·K 3.11,�Iy²D[x]¥?¿Ø���Ñ´�

�. � f∈D[x]´Ø���� f |gh, Ù¥ g, h∈D[x]∗. K

cont(f )pp(f )|cont(g)cont(h)pp(g)pp(h).

XJ f ∈ D,K pp(f ) = 1. � f = cont(f )|cont(g)cont(h)

(íØ 3.29). Ï�D´��Ïf©)��, ¤± f ´D¥

�� (·K 3.11). dd�Ñ, f |cont(g)½ f |cont(h). � f |g
½ f |h. = f ´��.

XJ deg(f ) > 0, K f ´���. d½n 3.30��,

f 3 F [x]¥Ø��, Ù¥ F ´ D�©ª�. Ï� f |gh3
D[x]¥¤á, ¤± f |gh3 F [x]¥¤á. Ï� F [x]´��

Ïf©)��,¤± f ´ F [x]¥���. �3 F [x]¥, f |g
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½ f |h. Ø�� f |g. K�3 q ∈ F [x]¦� g = qf . u´,�

3 α, β ∈ D¦�
αpp(g) = βq̃f,

Ù¥ q̃ ∈ D[x]´��õ�ª. díØ 3.29, f |pp(g)3D[x]

¥¤á. � f |g3D[x]¥¤á. �

4 Eê

4.1 Eê�

�

C := {x + y
√
−1 |x, y ∈ R}.

� z = x+ y
√
−1,Ù¥ x, y ∈ R. K x¡� z�¢Ü,P�

Re(z); y¡� z�JÜ, P� Im(z). 5¿� R ⊂ C.

½Â

+ : C× C −→ C
(x1 + y1

√
−1, x2 + y2

√
−1) 7→ (x1 + x2) + (y1 + y2)

√
−1.

����y (C,+, 0)´��+. ½Â

· : C× C −→ C
(x1 + y1

√
−1, x2 + y2

√
−1) 7→ (x1x2 − y1y2) + (x1y2 + y1x2)

√
−1.

����y (C, ·, 1)´��¹N�+.

����y©�Æ¤á. u´, (C,+, 0, ·, 1)´���.
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� z = x+ y
√
−1,Ù¥ x, y ∈ R. K z̄ = x− y

√
−1¡

� z��Ý. 5¿�

zz̄ = x2 + y2 ∈ R.

� z 6= 0�,

z
z̄

x2 + y2
= 1.

� (C,+, 0, ·, 1)´�, ¡��Eê�. §���¡�Eê.

~ 4.1 �

F =


 x y

−y x

 | x, y ∈ R

 .

K F ´Mn(R)�f�, (F,+, O, ·, E)´�. e¡·��y

F Ú C´Ó��.

½Â

φ : F −→ C x y

−y x

 7→ x + y
√
−1.

����yé?¿A,B ∈ F , φ(A+B) = φ(A) +φ(B). �

A =

 x y

−y x

 Ú B =

 u v

−v u

 .
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K

φ(AB) = φ(

 xu− yv xv + yu

−xv − yu xu− yv

)

= (xu− yv) + (xv + yu)
√
−1

= (x + y
√
−1)(u + v

√
−1)

= φ(A)φ(B).

?
, φ(E) = 1. � φ´�Ó�. w, φ´÷�. 2�â

·K1oÙ1nù·K 4.4, φ´Ó�.

5¿�

φ(

 0 1

−1 0

) =
√
−1.

Ï�  0 1

−1 0

2

= −E,

¤±
√
−1

2
= −1´Ün�.

P
√
−1� i, ¡�Jü .

·K 4.2 �ÝN� z 7→ z̄´l C� C�Ó�� |̄R = idR.

y². � z = x+yi, x, y ∈ R. K z̄ = x−yi. u´,� y = 0

�, z̄ = z. � |̄R = idR. ?
,

¯̄z = x− yi = x + yi = z.
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��ÝN��_´§g�, l
´V�. e¡�Iy²�

ÝN�´Ó�. 2� z′ = x′ + y′i, Ù¥ x′, y′ ∈ R. K

z + z′ = (x + x′) + (y + y′)i = (x + x′)− (y + y′)i

= (x− yi) + (x′ − y′i) = z̄ + z̄′. �

4.2 Eê�4L«

� z = x + yi, Ù¥ x, y ∈ RØ��". K

z =
√
x2 + y2

(
x√

x2 + y2
+

y√
x2 + y2

i

)
.

K�3��� θ ∈ [0, 2π)¦�,

cos θ =
x√

x2 + y2
Ú sin θ =

y√
x2 + y2

.

¡
√
x2 + y2� z���, P� |z|. ¡ θ� z�Ì�, P�

arg z. 2� 0����", Ì�?¿. Ké?¿ z ∈ C,

z = |z|(cos(θ) + sin(θ)i).

¡�� z�4zúª.

Ún 4.3 �Eê

z1 = |z1|(cos(θ1) + sin(θ1)i), z2 = |z2|(cos(θ2) + sin(θ2)i).

K

z1z2 = |z1||z2|(cos(θ1 + θ2) + sin(θ1 + θ2)i).
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y². ��O��

z1z2 = |z1||z2|

(cos(θ1) cos(θ2)− sin(θ1) sin(θ2)) + (cos(θ1) sin(θ2) + sin(θ1) cos(θ2))i

= |z1||z2|(cos(θ1 + θ2) + sin(θ1 + θ2)i). �

·K 4.4 � z = |z|(cos(θ) + sin(θ)i).

(i) é?¿ n ∈ N, zn = |z|n(cos(nθ) + sin(nθ)i).

(ii) XJ z 6= 0, K z−1 = |z|−1(cos(θ)− sin(θ)i).

y². (i) é n8B. � n = 0�, (Øw,¤á. � n > 0

�(Øé n− 1�¤á.

zn = zzn−1

= |z|(cos(θ) + sin(θ)i)|z|n−1(cos((n− 1)θ) + sin((n− 1)θ)i)

(8Bb�)

= |z|n(cos(nθ) + sin(nθ)i) (Ún 4.3).

(ii) ��O��

z|z|−1(cos(θ)− sin(θ)i)

= |z|(cos(θ) + sin(θ)i)|z|−1(cos(−θ) + sin(−θ)i)

= 1 (Ún 4.3). �

-

eiθ = cos(θ) + sin(θ)i.
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K, z = |z|(cos(θ) + sin(θ)i)�{P� z = |z|eiθ. þãÚn
Ú·K¥�(Ø���

z1 = |z1|eiθ1, z2 = |z2|eiθ2 =⇒ z1z2 = |z1||z2|ei(θ1+θ2).

� z = |z|eiθ 6= 0 �, é?¿ n ∈ Z, zn = |z|neinθ, Ú
z̄ = |z|e−iθ.

Euler “úª”

eiπ + 1 = 0.
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