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❉✐❼❧❡①❤ ✶✶

❘!③❡❝ %❤❝ ♠♦♥❼❞❛❝

❙#♦ %&♥♦❧♦ #✇♥ ♣+❛❣♠❛#✐❦➳♥ ❛+✐❥♠➳♥✱ ❣✐❛ ❦❼❥❡ ❢✉%✐❦8 ❛+✐❥♠8 n✱ ♦ ❛+✐❥♠8❝ 1 :;❡✐ ♠<❛

♠♦♥❛❞✐❦➔ n✲♦%#➔ +<③❛ ❡❼♥ n ❡<♥❛✐ ♣❡+✐##8❝✱ ❡♥➳ :;❡✐ ❞&♦ n✲♦%#:❝ +<③❡❝✱ 1 ❦❛✐ −1✱ ❡❼♥ ♦ n

❡<♥❛✐ ❼+#✐♦❝✳ ❏❛ ❞♦&♠❡ ♦#✐ %#♦ %&♥♦❧♦ #✇♥ ♠✐❣❛❞✐❦➳♥ ❛+✐❥♠➳♥ ♦ ❛+✐❥♠8❝ ✶ :;❡✐ ❛❦+✐❜➳❝ n

n✲♦%#:❝ +<③❡❝ ❣✐❛ ❦❼❥❡ ❢✉%✐❦8 ❛+✐❥♠8 n✳

❆♥❛③❤#♦&♠❡ #✐❝ ❧&%❡✐❝ #❤❝ ❡①<%✇%❤❝

zn = 1 .

●+❼❢♦✉♠❡ #♦ z %❡ #+✐❣✇♥♦♠❡#+✐❦➔ ♠♦+❢➔✱ z = r(cosϑ+ i sinϑ) ❦❛✐ :;♦✉♠❡

zn = rn (cos(nϑ) + i sin(nϑ)) = 1 ,

%✉♥❡♣➳❝ rn = 1✱ cos(nϑ) = 1 ❦❛✐ sin(nϑ) = 0✳ ❙✉♠♣❡+❛<♥♦✉♠❡ ♦#✐ ❦❼❥❡ n✲♦%#➔ +<③❛ #❤❝

♠♦♥❼❞❛❝ ❣+❼❢❡#❛✐ %#❤ ♠♦+❢➔ cosϑ + i sinϑ✱ 8♣♦✉ ϑ ✐❦❛♥♦♣♦✐❡< #✐❝ %;:%❡✐❝ cos(nϑ) = 1 ❦❛✐

sin(nϑ) = 0✳ ❆♣8 #✐❝ %;:%❡✐❝ ❛✉#:❝ :;♦✉♠❡ ♦#✐ nϑ = 2kπ ❣✐❛ k ∈ Z✱ ❦❛✐ %✉♥❡♣➳❝ ♦#✐

ϑ =
k

n
2π, k ∈ Z .

❆♣♦♠:♥❡✐ ♥❛ ❞♦&♠❡ ♣♦✐:❝ ❛♣8 ❛✉#:❝ #✐❝ #✐♠:❝ #♦✉ ♦+<%♠❛#♦❝ ❞<❞♦✉♥ ❞✐❛❢♦+❡#✐❦♦&❝ ♠✐❣❛❞✐❦♦&❝

❛+✐❥♠♦&❝✳ ❊❼♥ %✉♠❜♦❧<%♦✉♠❡ ϑk = 2kπ
n ✱ :;♦✉♠❡

ϑk+n = ϑk + 2π

❦❛✐ %✉♥❡♣➳❝ cosϑk+n + i sinϑk+n = cosϑk + i sinϑk✳ ●✐❛ k = 0, 1, . . . , n − 1✱ :;♦✉♠❡ #✐❝

#✐♠:❝

ϑ0 = 0, ϑ1 =
2π

n
, . . . , ϑk =

2kπ

n
, . . . , ϑn−1 =

2(n− 1)π

n

♦✐ ♦♣♦<❡❝ ❞<❞♦✉♥ 8❧❡❝ ❞✐❛❢♦+❡#✐❦♦&❝ ♠✐❣❛❞✐❦♦&❝ ❛+✐❥♠♦&❝✳

❙✉♠♣❡+❛<♥♦✉♠❡ ♦#✐ ✉♣❼+;♦✉♥ ❛❦+✐❜➳❝ n n✲♦%#❡❝ +<③❡❝ #❤❝ ♠♦♥❼❞❛❝ %#♦ ♠✐❣❛❞✐❦8 ❡♣<♣❡❞♦✱

♦✐ ❛+✐❥♠♦<

cos
2kπ

n
+ i sin

2kπ

n

❣✐❛ k = 0, 1, . . . , n− 1✳

❊❼♥ #➳+❛ ♦+<%♦✉♠❡ ωn = cos 2π
n + i sin 2π

n ✱ ♦✐ ❞✉♥❼♠❡✐❝ ωk
n✱ ❣✐❛ k = 0, . . . , n − 1✱ ❞<❞♦✉♥

8❧❡❝ #✐❝ n ❞✐❛❢♦+❡#✐❦:❝ n✲♦%#:❝ +<③❡❝ #❤❝ ♠♦♥❼❞❛❝

ωk
n = cos

2kπ

n
+ i sin

2kπ

n
.

❍ n✲♦%#➔ +<③❛ ωn✱ ❤ ♦♣♦<❛ :;❡✐ #♦ ♠✐❦+8#❡+♦ ❥❡#✐❦8 8+✐%♠❛✱ ♦♥♦♠❼③❡#❛✐ ♣!✇#❛!%✐❦➔ n✲♦%#➔

+<③❛ #❤❝ ♠♦♥❼❞❛❝✳
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"♦$ ❜&'(❦♦♥+❛✐ ❛✉+♦' ♦✐ ❛&✐❥♠♦' (+♦ ♠✐❣❛❞✐❦3 ❡♣'♣❡❞♦❄ ●✐❛ k = 0 89♦✉♠❡ +♦ 1✳ ✬❖❧❡❝ ♦✐

n✲♦(+8❝ &'③❡❝ +❤❝ ♠♦♥❼❞❛❝ ❜&'(❦♦♥+❛✐ (+♦ ♠♦♥❛❞✐❛'♦ ❦$❦❧♦✱ S1 = {z ∈ C : |z| = 1}✱ ❦❛✐
❤ ❣✇♥'❛ ♣♦✉ (9❤♠❛+'③❡+❛✐ ❛♣3 +♦ 0 ♠❡+❛①$ ❞✐❛❢♦&❡+✐❦➳♥ &✐③➳♥ ❡'♥❛✐ ♣♦❧❧❛♣❧❼(✐♦ +♦✉

2π
n ✳

❙✉♠♣❡&❛'♥♦✉♠❡ ♦+✐ ♦✐ n✲♦(+8❝ &'③❡❝ ❜&'(❦♦♥+❛✐ (+✐❝ ❦♦&✉❢8❝ ❡♥3❝ ❦❛♥♦♥✐❦♦$ ♣♦❧✉❣➳♥♦✉✱ ♠❡

n ❦♦&✉❢8❝✱ ♠'❛ ❡❦ +✇♥ ♦♣♦'✇♥ ❜&'(❦❡+❛✐ (+♦ 1✳ ❙+♦ ❙9➔♠❛ ✸✳✻ ❜❧8♣♦✉♠❡ +✐❝ +&'+❡❝ &'③❡❝ +❤❝

♠♦♥❼❞❛❝✱ ♣♦✉ ❜&'(❦♦♥+❛✐ (+✐❝ ❦♦&✉❢8❝ ❡♥3❝ ✐(♦♣❧❡$&♦✉ +&✐❣➳♥♦✉✱ ❦❛✐ +✐❝ +8+❛&+❡❝ &'③❡❝✱ (+✐❝

❦♦&✉❢8❝ ❡♥3❝ +❡+&❛❣➳♥♦✉✳

❙9➔♠❛ ✸✳✻✿ ❚&'+❡❝ ❦❛✐ +8+❛&+❡❝ &'③❡❝ +❤❝ ♠♦♥❼❞❛❝

 ❛"❼❞❡✐❣♠❛ ✸✳✾ ❏❛ ✉♣♦❧♦❣'(♦✉♠❡ +✐❝ ♣8♠♣+❡❝ &'③❡❝ +❤❝ ♠♦♥❼❞❛❝✳ ❊❼♥ z = cosϑ+ i sinϑ

❡'♥❛✐ ♠'❛ ♣8♠♣+❤ &'③❛ +❤❝ ♠♦♥❼❞❛❝✱ +3+❡ z5 = cos(5ϑ) + i sin(5ϑ) = 1✱ ❼&❛ 5ϑ = 2kπ✱ ❣✐❛

❦❼♣♦✐♦ ❛❦8&❛✐♦ k✳

❖&'③♦✉♠❡ ω5 = cos(2π/5) + i sin(2π/5)✳ ❚3+❡ ♦✐ ❞✐❛❢♦&❡+✐❦8❝ ♣8♠♣+❡❝ &'③❡❝ +❤❝ ♠♦♥❼❞❛❝

❡'♥❛✐ ♦✐ ♠✐❣❛❞✐❦♦' ❛&✐❥♠♦'

ω0
5 = 1 ,

ω5 = cos(2π/5) + i sin(2π/5) ,

ω2
5 = cos(4π/5) + i sin(4π/5) ,

ω3
5 = cos(6π/5) + i sin(6π/5) ,

ω4
5 = cos(8π/5) + i sin(8π/5) .

❉"❛-.❤"✐0.❤.❛ ✸✳✶✸ ❙+♦ ♠✐❣❛❞✐❦3 ❡♣'♣❡❞♦ (9❡❞✐❼(+❡ +♦ ❦❛♥♦♥✐❦3 ❡①❼❣✇♥♦ ❡❣✲

❣❡❣&❛♠♠8♥♦ (+♦♥ ♠♦♥❛❞✐❛'♦ ❦$❦❧♦ S1
✱ 8+(✐ ➳(+❡ ♥❛ 89❡✐ ♠'❛ ❦♦&✉❢➔ (+♦ 1✱ ❦❛✐ (❤✲

♠❡✐➳(+❡ +✐❝ 8❦+❡❝ &'③❡❝ +❤❝ ♠♦♥❼❞❛❝✳

❉"❛-.❤"✐0.❤.❛ ✸✳✶✹ ❊❼♥ ω8 ❡'♥❛✐ ❤ ♣&✇+❛&9✐❦➔ 3❣❞♦❤ &'③❛ +❤❝ ♠♦♥❼❞❛❝✱ (❤✲

♠❡✐➳(+❡ (+♦ ♠✐❣❛❞✐❦3 ❡♣'♣❡❞♦ ❦❛✐ ❣&❼②+❡ (+❤ ♠♦&❢➔ a+ bi +♦♥ ♠✐❣❛❞✐❦3 ❛&✐❥♠3 ω5
8✳
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 ❛"❼❞❡✐❣♠❛ ✸✳✶✵ ❊①❡%❼③♦✉♠❡ %♦ ❼❥,♦✐.♠❛ %✇♥ n−♦.%➳♥ ,✐③➳♥ %❤❝ ♠♦♥❼❞❛❝✱

Q = 1 + wn + w2
n + . . .+ wn−1

n .

7❛,❛%❤,♦8♠❡ ♦%✐

wnQ = wn(1 + wn + . . .+ wn−1
n )

= wn + w2
n + . . .+ wn−1

n + wn
n

= Q

❙✉♠♣❡,❛;♥♦✉♠❡ ♦%✐ (wn − 1)Q = 0✱ ❦❛✐ ❡❢✢ ?.♦♥ wn 6= 1✱ @A♦✉♠❡

1 + wn + w2
n + . . .+ wn−1

n = 0.

❘!③❡❝ %♦✉ a ∈ C

❊❼♥ a = 0✱ %?%❡ ❣✐❛ ❦❼❥❡ n✱ ❤ ♠♦♥❛❞✐❦➔ n✲♦.%➔ ,;③❛ %♦✉ a ❡;♥❛✐ 0✿

zn = 0 ⇒ z = 0 .

❊❼♥ a 6= 0✱ ✉♣♦❥@%♦✉♠❡ ♦%✐ a ❣,❼❢❡%❛✐ .❡ %,✐❣✇♥♦♠❡%,✐❦➔ ♠♦,❢➔ ✇❝ a = s(cosϕ+i sinϕ)✳

❖ ♣,❛❣♠❛%✐❦?❝ ❛,✐❥♠?❝ s ❡;♥❛✐ ❥❡%✐❦?❝✱ ❦❛✐ .✉♠❜♦❧;③♦✉♠❡ s1/n %❤ ❥❡%✐❦➔ ♣,❛❣♠❛%✐❦➔ n✲♦.%➔

,;③❛ %♦✉ s✳ ❏@%♦✉♠❡ z0 = s1/n
(

cos ϕ
n + i sin ϕ

n

)

✱ ❦❛✐ ♣❛,❛%❤,♦8♠❡ ♦%✐ zn0 = a✱ ❞❤❧❛❞➔ z0 ❡;♥❛✐

♠;❛ ❛♣? %✐❝ n✲♦.%@❝ ,;③❡❝ %♦✉ a✳

❊❼♥ zk ❡;♥❛✐ ♠✐❛ ❼❧❧❤ n✲♦.%➔ ,;③❛ %♦✉ a✱ @A♦✉♠❡
(

zk
z0

)n
= 1✱ ❦❛✐ .✉♥❡♣➳❝ zk

z0
❡;♥❛✐ ♠;❛

n✲♦.%➔ ,;③❛ %❤❝ ♠♦♥❼❞❛❝✳ ❑❛%❛❧➔❣♦✉♠❡ .%♦ ❛❦?❧♦✉❥♦ ❛♣♦%@❧❡.♠❛✳

❏❡➳"❤♠❛ ✸✳✹ ❑❼❥❡ ♠✐❣❛❞✐❦*❝ ❛,✐❥♠*❝ a 6= 0✱ ./❡✐ n ❞✐❛❢♦,❡2✐❦.❝ ♠✐❣❛❞✐❦.❝ n✲♦42.❝ ,5③❡❝✱

❦❛✐ ❡❼♥ a = s(cosϕ+ i sinϕ) ❡5♥❛✐ ♠5❛ 2,✐❣✇♥♦♠❡2,✐❦➔ ♠♦,❢➔ 2♦✉ a✱ ♦✐ n✲♦42.❝ ,5③❡❝ ❡5♥❛✐

zk = s1/n
(

cos

(

ϕ

n
+

2kπ

n

)

+ i sin

(

ϕ

n
+

2kπ

n

))

❣✐❛ k = 0, 1, . . . , n− 1✳

7❛,❛%❤,♦8♠❡ ♦%✐ ❡❼♥ ωn ❡;♥❛✐ ❤ ♣,✇%❛,A✐❦➔ n✲♦.%➔ ,;③❛ %❤❝ ♠♦♥❼❞❛❝✱ %?%❡ ♦✐ n✲♦.%@❝

,;③❡❝ %♦✉ a ❡;♥❛✐

zk = |a|1/n
(

cos
Arg a

n
+ i sin

Arg a

n

)

ωk
n ,

❣✐❛ k = 0, 1, . . . , n − 1✳ ❙%♦ ♠✐❣❛❞✐❦? ❡♣;♣❡❞♦ ?❧❡❝ ♦✐ n✲♦.%@❝ ,;③❡❝ %♦✉ ♠✐❣❛❞✐❦♦8 ❛,✐❥♠♦8

a 6= 0 ❜,;.❦♦♥%❛✐ .%♦♥ ❦8❦❧♦ ♠❡ ❦@♥%,♦ 0 ❦❛✐ ❛❦%;♥❛ |a|1/n ❦❛✐ .A❤♠❛%;③♦✉♥ ❦❛♥♦♥✐❦? n✲❣✇♥♦✱

♠;❛ ❦♦,✉❢➔ %♦✉ ♦♣♦;♦✉ ❡;♥❛✐ ♦ ♠✐❣❛❞✐❦?❝ ❛,✐❥♠?❝ |a|1/n
(

cos Arg a
n + i sin Arg a

n

)

✳
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❉!❛#$❤!✐'$❤$❛ ✸✳✶✺ ❙#♦ ♠✐❣❛❞✐❦+ ❡♣.♣❡❞♦✱ 01❡❞✐❼0#❡ 3♥❛♥ ❦5❦❧♦ ❛❦#.♥❛❝ 2✱ ❦❛✐

0❤♠❡✐➳0#❡ #✐❝ #:.#❡❝ :.③❡❝ #♦✉ ♠✐❣❛❞✐❦♦5 ❛:✐❥♠♦5 8
(

cos 3π
4
+ i sin 3π

4

)

✳

❙❤♠❡✐➳0#❡ ❡♣.0❤❝ #✐❝ #3#❛:#❡❝ :.③❡❝ #♦✉ ♠✐❣❛❞✐❦♦5 ❛:✐❥♠♦5 −16✳ ✭@:♦03①#❡ ♦#✐ ♠.❛

#:✐❣✇♥♦♠❡#:✐❦➔ ♠♦:❢➔ #♦✉ −16 ❡.♥❛✐ 16(cosπ + i sinπ)✳✮

,❛!❼❞❡✐❣♠❛ ✸✳✶✶ ❏❛ ✉♣♦❧♦❣.0♦✉♠❡ #✐❝ #:.#❡❝ :.③❡❝ #♦✉ ♠✐❣❛❞✐❦♦5 ❛:✐❥♠♦5 −4(
√
3− i)✳

@:➳#❛ ❣:❼❢♦✉♠❡ #♦♥ ❛:✐❥♠+ 0#❤ ♠♦:❢➔ −4(
√
3− i) = 8(−

√

3
2
+ i

2
)✱ ➳0#❡ ♦ ❛:✐❥♠+❝ 0#❤♥

♣❛:3♥❥❡0❤ ♥❛ 31❡✐ ♠3#:♦ 1 ❦❛✐ ♦ 0✉♥#❡❧❡0#➔❝ #♦✉ ♥❛ ❡.♥❛✐ ❥❡#✐❦+❝✳ ❑❛#+♣✐♥ ❜:.0❦♦✉♠❡ ϑ

➳0#❡ cosϑ = −
√

3
2

❦❛✐ sinϑ = 1
2
✱ ❞❤❧❛❞➔ ϑ = 5π

6
❦❛✐

−4(
√
3− i) = 8

(

cos
5π

6
+ i sin

5π

6

)

.

❚+#❡ ♠.❛ #:.#❤ :.③❛ ❡.♥❛✐

(−4(
√
3− i))

1

3 = 2

(

cos
5π

18
+ i sin

5π

18

)

,

❡♥➳ ♦✐ ❼❧❧❡❝ ❞5♦ ❡.♥❛✐✱ ❣✐❛ ❣✇♥.❡❝

5π
18

+ 2π
3

❦❛✐

5π
18

+ 4π
3
✱

2

(

cos
17π

18
+ i sin

17π

18

)

, ❦❛✐ 2

(

cos
29π

18
+ i sin

29π

18

)

.

❙#♦ ❡♣+♠❡♥♦ ♣❛:❼❞❡✐❣♠❛ ❥❛ 1:❤0✐♠♦♣♦✐➔0♦✉♠❡ #✐❝ #❛✉#+#❤#❡❝ ❣✐❛ #✐❝ #:✐❣✇♥♦♠❡#:✐❦3❝

0✉♥❛:#➔0❡✐❝ #♦✉ ♠✐0♦5 #❤❝ ❣✇♥.❛❝✱ ❣✐❛ ♥❛ ✉♣♦❧♦❣.0♦✉♠❡ #✐❝ #❡#:❛❣✇♥✐❦3❝ :.③❡❝ ♠✐❣❛❞✐❦♦5

❛:✐❥♠♦5 0✉♥❛:#➔0❡✐ #♦✉ ♣:❛❣♠❛#✐❦♦5 ❦❛✐ #♦✉ ❢❛♥#❛0#✐❦♦5 #♦✉ ♠3:♦✉❝✳ ❆♣+ #✐❝ #❛✉#+#❤#❡❝

✸✳✷ ❦❛✐ ✸✳✸✱ 31♦✉♠❡ ❣✐❛ #♦ ❞✐♣❧❼0✐♦ #❤❝ ❣✇♥.❛❝

cos 2ϑ = cos2 ϑ− sin2 ϑ , ✭✸✳✾✮

sin 2ϑ = 2 sinϑ cosϑ . ✭✸✳✶✵✮

❆♣+ #❤♥ ✸✳✾ ❦❛✐ #❤♥ cos2 ϑ+ sin2 ϑ = 1 31♦✉♠❡

cos 2ϑ = 2 cos2 ϑ− 1 = 1− 2 sin2 ϑ .

❊❦❢:❼③♦✉♠❡ #✐❝ #❡❧❡✉#❛.❡❝ 0130❡✐❝ ✇❝ ♣:♦❝ ϑ/2 ❦❛✐ 31♦✉♠❡

cos
ϑ

2
= ±

√

1 + cosϑ

2
, ✭✸✳✶✶✮

sin
ϑ

2
=

√

1− cosϑ

2
. ✭✸✳✶✷✮

@❛:❛#❤:➔0#❡ ♦#✐ cos ϑ
2
≥ 0 +#❛♥ 0 ≤ ϑ ≤ π✱ ❡♥➳ cos ϑ

2
< 0 +#❛♥ π < ϑ < 2π✳

,❛!❼❞❡✐❣♠❛ ✸✳✶✷ ❏❛ ✉♣♦❧♦❣.0♦✉♠❡ #✐❝ #❡#:❛❣✇♥✐❦3❝ :.③❡❝ #♦✉ z = u+vi 0✉♥❛:#➔0❡✐ #✇♥

u ❦❛✐ v✳ ●✐❛ 0 ≤ ϑ < 2π #3#♦✐♦ ➳0#❡ cosϑ = u
√

u2+v2
❦❛✐ sinϑ = v

√

u2+v2
✱ ♠.❛ #❡#:❛❣✇♥✐❦➔
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"#③❛ &♦✉ z ❡#♥❛✐

(u+ vi)
1

2 =

√

√

u2 + v2
(

cos
ϑ

2
+ i sin

ϑ

2

)

=
∣

∣

∣
(u2 + v2)

1

4

∣

∣

∣

(

±
√

1 + cosϑ

2
+ i

√

1− cosϑ

2

)

=
∣

∣

∣(u2 + v2)
1

4

∣

∣

∣



±

√

1 + u
√

u2+v2

2
+ i

√

1− u
√

u2+v2

2





=
∣

∣

∣(u2 + v2)
1

4

∣

∣

∣



±

√√
u2 + v2 + u

2
√
u2 + v2

+ i

√√
u2 + v2 − u

2
√
u2 + v2



 .

❑❛&❛❧➔❣♦✉♠❡ 1&❤♥ 3❦❢"❛1❤

(u+ vi)
1

2 = ±
√
2

2

(

±
√

√

u2 + v2 + u+ i

√

√

u2 + v2 − u

)

. ✭✸✳✶✸✮

❖✐ ❧#$❡✐❝ '❤❝ ❡①*$✇$❤❝ az
2 + bz + c = 0 ♠❡ ♠✐❣❛❞✐❦♦#❝

$✉♥'❡❧❡$'4❝

❖✐ ❧;1❡✐❝ &❤❝ ❡①#1✇1❤❝ ❞❡✉&3"♦✉ ❜❛❥♠♦; ♠❡ 1✉♥&❡❧❡1&3❝ 1&♦ C ✉♣♦❧♦❣#③♦♥&❛✐ ♠❡ &♦♥ #❞✐♦

❛❦"✐❜➳❝ &"D♣♦ ♣♦✉ ✉♣♦❧♦❣#③♦♥&❛✐ ♦✐ ❧;1❡✐❝ &❤❝ ❡①#1✇1❤❝ ♠❡ ♣"❛❣♠❛&✐❦♦;❝ 1✉♥&❡❧❡1&3❝✳ ●✐❛

♥❛ ❧;1♦✉♠❡ &❤♥ ❡①#1✇1❤ az2 + bz + c = 0 1✉♠♣❧❤"➳♥♦✉♠❡ &♦ &❡&"❼❣✇♥♦✱

a

(

z +
b

2a

)2

− b2

4a
+ c = 0 ,

❦❛✐ 3H♦✉♠❡

(

z +
b

2a

)2

=
b2 − 4ac

4a2
,

1✉♥❡♣➳❝

z =
−b+ (b2 − 4ac)

1

2

2a
.

❊❼♥ b2 − 4ac = 0✱ ❤ ❡①#1✇1❤ 3H❡✐ ♠♦♥❛❞✐❦➔ ❧;1❤ z = −b
2a ✱ ❤ ♦♣♦#❛ ❡#♥❛✐ ❡♥ ❣3♥❡✐ ♠✐❣❛❞✐❦D❝

❛"✐❥♠D❝✳ J"❛❣♠❛&✐❦D❝ ❛"✐❥♠D❝ ❡#♥❛✐ ♠D♥♦♥ D&❛♥ Arg a = Arg b ➔ |Arg a−Arg b| = π✳

❊❼♥ b2 − 4ac = u+ iv 6= 0✱ ❣✐❛ u, v ∈ R✱ ❛♣D &❤♥ ✸✳✶✸✱

(b2 − 4ac)
1

2 = (u+ iv)
1

2 = ± 1√
2

(√

√

u2 + v2 + u+ i

√

√

u2 + v2 − u

)

,
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