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∀w ∈ C,∃z ∈ C s.t. z2 = w
For every complex number w , there exists at least one complex
number z such that z2 = w.

Let z = a+ bi, w = c + di (a, b, c, d ∈ R)
(a+ bi)2 = c + di

a2 − b2 + 2abi = c + di

{
a2 − b2 = c
2ab = d

{
b2 = a2 − c
4a2b2 = d2

4a2(a2 − c) = d2 4a4 − 4ca2 − d2 = 0 a2 =
c ±
√
c2 + d2

2
a = ±

√
c +
√
c2 + d2

2

b = ±sgn(d)
√
−c +

√
c2 + d2

2

sgn(d) =

{
−1 , if d < 0
1 , if d ≥ 0

Min Eun Gi : h�ps://min7014.github.io

https://min7014.github.io


z2 = w ( w ∈ C)

Start End

∀w

∈ C,∃z ∈ C s.t. z2 = w
For every complex number w , there exists at least one complex
number z such that z2 = w.

Let z = a+ bi, w = c + di (a, b, c, d ∈ R)
(a+ bi)2 = c + di

a2 − b2 + 2abi = c + di

{
a2 − b2 = c
2ab = d

{
b2 = a2 − c
4a2b2 = d2

4a2(a2 − c) = d2 4a4 − 4ca2 − d2 = 0 a2 =
c ±
√
c2 + d2

2
a = ±

√
c +
√
c2 + d2

2

b = ±sgn(d)
√
−c +

√
c2 + d2

2

sgn(d) =

{
−1 , if d < 0
1 , if d ≥ 0

Min Eun Gi : h�ps://min7014.github.io

https://min7014.github.io


z2 = w ( w ∈ C)

Start End

∀w ∈ C,

∃z ∈ C s.t. z2 = w
For every complex number w , there exists at least one complex
number z such that z2 = w.

Let z = a+ bi, w = c + di (a, b, c, d ∈ R)
(a+ bi)2 = c + di

a2 − b2 + 2abi = c + di

{
a2 − b2 = c
2ab = d

{
b2 = a2 − c
4a2b2 = d2

4a2(a2 − c) = d2 4a4 − 4ca2 − d2 = 0 a2 =
c ±
√
c2 + d2

2
a = ±

√
c +
√
c2 + d2

2

b = ±sgn(d)
√
−c +

√
c2 + d2

2

sgn(d) =

{
−1 , if d < 0
1 , if d ≥ 0

Min Eun Gi : h�ps://min7014.github.io

https://min7014.github.io


z2 = w ( w ∈ C)

Start End

∀w ∈ C,∃z

∈ C s.t. z2 = w
For every complex number w , there exists at least one complex
number z such that z2 = w.

Let z = a+ bi, w = c + di (a, b, c, d ∈ R)
(a+ bi)2 = c + di

a2 − b2 + 2abi = c + di

{
a2 − b2 = c
2ab = d

{
b2 = a2 − c
4a2b2 = d2

4a2(a2 − c) = d2 4a4 − 4ca2 − d2 = 0 a2 =
c ±
√
c2 + d2

2
a = ±

√
c +
√
c2 + d2

2

b = ±sgn(d)
√
−c +

√
c2 + d2

2

sgn(d) =

{
−1 , if d < 0
1 , if d ≥ 0

Min Eun Gi : h�ps://min7014.github.io

https://min7014.github.io


z2 = w ( w ∈ C)

Start End

∀w ∈ C,∃z ∈ C

s.t. z2 = w
For every complex number w , there exists at least one complex
number z such that z2 = w.

Let z = a+ bi, w = c + di (a, b, c, d ∈ R)
(a+ bi)2 = c + di

a2 − b2 + 2abi = c + di

{
a2 − b2 = c
2ab = d

{
b2 = a2 − c
4a2b2 = d2

4a2(a2 − c) = d2 4a4 − 4ca2 − d2 = 0 a2 =
c ±
√
c2 + d2

2
a = ±

√
c +
√
c2 + d2

2

b = ±sgn(d)
√
−c +

√
c2 + d2

2

sgn(d) =

{
−1 , if d < 0
1 , if d ≥ 0

Min Eun Gi : h�ps://min7014.github.io

https://min7014.github.io


z2 = w ( w ∈ C)

Start End

∀w ∈ C,∃z ∈ C s.t.

z2 = w
For every complex number w , there exists at least one complex
number z such that z2 = w.

Let z = a+ bi, w = c + di (a, b, c, d ∈ R)
(a+ bi)2 = c + di

a2 − b2 + 2abi = c + di

{
a2 − b2 = c
2ab = d

{
b2 = a2 − c
4a2b2 = d2

4a2(a2 − c) = d2 4a4 − 4ca2 − d2 = 0 a2 =
c ±
√
c2 + d2

2
a = ±

√
c +
√
c2 + d2

2

b = ±sgn(d)
√
−c +

√
c2 + d2

2

sgn(d) =

{
−1 , if d < 0
1 , if d ≥ 0

Min Eun Gi : h�ps://min7014.github.io

https://min7014.github.io


z2 = w ( w ∈ C)

Start End

∀w ∈ C,∃z ∈ C s.t. z2 = w

For every complex number w , there exists at least one complex
number z such that z2 = w.

Let z = a+ bi, w = c + di (a, b, c, d ∈ R)
(a+ bi)2 = c + di

a2 − b2 + 2abi = c + di

{
a2 − b2 = c
2ab = d

{
b2 = a2 − c
4a2b2 = d2

4a2(a2 − c) = d2 4a4 − 4ca2 − d2 = 0 a2 =
c ±
√
c2 + d2

2
a = ±

√
c +
√
c2 + d2

2

b = ±sgn(d)
√
−c +

√
c2 + d2

2

sgn(d) =

{
−1 , if d < 0
1 , if d ≥ 0

Min Eun Gi : h�ps://min7014.github.io

https://min7014.github.io


z2 = w ( w ∈ C)

Start End

∀w ∈ C,∃z ∈ C s.t. z2 = w
For every complex number w

, there exists at least one complex
number z such that z2 = w.

Let z = a+ bi, w = c + di (a, b, c, d ∈ R)
(a+ bi)2 = c + di

a2 − b2 + 2abi = c + di

{
a2 − b2 = c
2ab = d

{
b2 = a2 − c
4a2b2 = d2

4a2(a2 − c) = d2 4a4 − 4ca2 − d2 = 0 a2 =
c ±
√
c2 + d2

2
a = ±

√
c +
√
c2 + d2

2

b = ±sgn(d)
√
−c +

√
c2 + d2

2

sgn(d) =

{
−1 , if d < 0
1 , if d ≥ 0

Min Eun Gi : h�ps://min7014.github.io

https://min7014.github.io


z2 = w ( w ∈ C)

Start End

∀w ∈ C,∃z ∈ C s.t. z2 = w
For every complex number w , there exists

at least one complex
number z such that z2 = w.

Let z = a+ bi, w = c + di (a, b, c, d ∈ R)
(a+ bi)2 = c + di

a2 − b2 + 2abi = c + di

{
a2 − b2 = c
2ab = d

{
b2 = a2 − c
4a2b2 = d2

4a2(a2 − c) = d2 4a4 − 4ca2 − d2 = 0 a2 =
c ±
√
c2 + d2

2
a = ±

√
c +
√
c2 + d2

2

b = ±sgn(d)
√
−c +

√
c2 + d2

2

sgn(d) =

{
−1 , if d < 0
1 , if d ≥ 0

Min Eun Gi : h�ps://min7014.github.io

https://min7014.github.io


z2 = w ( w ∈ C)

Start End

∀w ∈ C,∃z ∈ C s.t. z2 = w
For every complex number w , there exists at least one complex
number z

such that z2 = w.

Let z = a+ bi, w = c + di (a, b, c, d ∈ R)
(a+ bi)2 = c + di

a2 − b2 + 2abi = c + di

{
a2 − b2 = c
2ab = d

{
b2 = a2 − c
4a2b2 = d2

4a2(a2 − c) = d2 4a4 − 4ca2 − d2 = 0 a2 =
c ±
√
c2 + d2

2
a = ±

√
c +
√
c2 + d2

2

b = ±sgn(d)
√
−c +

√
c2 + d2

2

sgn(d) =

{
−1 , if d < 0
1 , if d ≥ 0

Min Eun Gi : h�ps://min7014.github.io

https://min7014.github.io


z2 = w ( w ∈ C)

Start End

∀w ∈ C,∃z ∈ C s.t. z2 = w
For every complex number w , there exists at least one complex
number z such that

z2 = w.

Let z = a+ bi, w = c + di (a, b, c, d ∈ R)
(a+ bi)2 = c + di

a2 − b2 + 2abi = c + di

{
a2 − b2 = c
2ab = d

{
b2 = a2 − c
4a2b2 = d2

4a2(a2 − c) = d2 4a4 − 4ca2 − d2 = 0 a2 =
c ±
√
c2 + d2

2
a = ±

√
c +
√
c2 + d2

2

b = ±sgn(d)
√
−c +

√
c2 + d2

2

sgn(d) =

{
−1 , if d < 0
1 , if d ≥ 0

Min Eun Gi : h�ps://min7014.github.io

https://min7014.github.io


z2 = w ( w ∈ C)

Start End

∀w ∈ C,∃z ∈ C s.t. z2 = w
For every complex number w , there exists at least one complex
number z such that z2 = w.

Let z = a+ bi, w = c + di (a, b, c, d ∈ R)
(a+ bi)2 = c + di

a2 − b2 + 2abi = c + di

{
a2 − b2 = c
2ab = d

{
b2 = a2 − c
4a2b2 = d2

4a2(a2 − c) = d2 4a4 − 4ca2 − d2 = 0 a2 =
c ±
√
c2 + d2

2
a = ±

√
c +
√
c2 + d2

2

b = ±sgn(d)
√
−c +

√
c2 + d2

2

sgn(d) =

{
−1 , if d < 0
1 , if d ≥ 0

Min Eun Gi : h�ps://min7014.github.io

https://min7014.github.io


z2 = w ( w ∈ C)

Start End

∀w ∈ C,∃z ∈ C s.t. z2 = w
For every complex number w , there exists at least one complex
number z such that z2 = w.

Let

z = a+ bi, w = c + di (a, b, c, d ∈ R)
(a+ bi)2 = c + di

a2 − b2 + 2abi = c + di

{
a2 − b2 = c
2ab = d

{
b2 = a2 − c
4a2b2 = d2

4a2(a2 − c) = d2 4a4 − 4ca2 − d2 = 0 a2 =
c ±
√
c2 + d2

2
a = ±

√
c +
√
c2 + d2

2

b = ±sgn(d)
√
−c +

√
c2 + d2

2

sgn(d) =

{
−1 , if d < 0
1 , if d ≥ 0

Min Eun Gi : h�ps://min7014.github.io

https://min7014.github.io


z2 = w ( w ∈ C)

Start End

∀w ∈ C,∃z ∈ C s.t. z2 = w
For every complex number w , there exists at least one complex
number z such that z2 = w.

Let z = a+ bi,

w = c + di (a, b, c, d ∈ R)
(a+ bi)2 = c + di

a2 − b2 + 2abi = c + di

{
a2 − b2 = c
2ab = d

{
b2 = a2 − c
4a2b2 = d2

4a2(a2 − c) = d2 4a4 − 4ca2 − d2 = 0 a2 =
c ±
√
c2 + d2

2
a = ±

√
c +
√
c2 + d2

2

b = ±sgn(d)
√
−c +

√
c2 + d2

2

sgn(d) =

{
−1 , if d < 0
1 , if d ≥ 0

Min Eun Gi : h�ps://min7014.github.io

https://min7014.github.io


z2 = w ( w ∈ C)

Start End

∀w ∈ C,∃z ∈ C s.t. z2 = w
For every complex number w , there exists at least one complex
number z such that z2 = w.

Let z = a+ bi, w = c + di

(a, b, c, d ∈ R)
(a+ bi)2 = c + di

a2 − b2 + 2abi = c + di

{
a2 − b2 = c
2ab = d

{
b2 = a2 − c
4a2b2 = d2

4a2(a2 − c) = d2 4a4 − 4ca2 − d2 = 0 a2 =
c ±
√
c2 + d2

2
a = ±

√
c +
√
c2 + d2

2

b = ±sgn(d)
√
−c +

√
c2 + d2

2

sgn(d) =

{
−1 , if d < 0
1 , if d ≥ 0

Min Eun Gi : h�ps://min7014.github.io

https://min7014.github.io


z2 = w ( w ∈ C)

Start End

∀w ∈ C,∃z ∈ C s.t. z2 = w
For every complex number w , there exists at least one complex
number z such that z2 = w.

Let z = a+ bi, w = c + di (a, b, c, d ∈ R)

(a+ bi)2 = c + di
a2 − b2 + 2abi = c + di

{
a2 − b2 = c
2ab = d

{
b2 = a2 − c
4a2b2 = d2

4a2(a2 − c) = d2 4a4 − 4ca2 − d2 = 0 a2 =
c ±
√
c2 + d2

2
a = ±

√
c +
√
c2 + d2

2

b = ±sgn(d)
√
−c +

√
c2 + d2

2

sgn(d) =

{
−1 , if d < 0
1 , if d ≥ 0

Min Eun Gi : h�ps://min7014.github.io

https://min7014.github.io


z2 = w ( w ∈ C)

Start End

∀w ∈ C,∃z ∈ C s.t. z2 = w
For every complex number w , there exists at least one complex
number z such that z2 = w.

Let z = a+ bi, w = c + di (a, b, c, d ∈ R)
(a+ bi)2 = c + di

a2 − b2 + 2abi = c + di

{
a2 − b2 = c
2ab = d

{
b2 = a2 − c
4a2b2 = d2

4a2(a2 − c) = d2 4a4 − 4ca2 − d2 = 0 a2 =
c ±
√
c2 + d2

2
a = ±

√
c +
√
c2 + d2

2

b = ±sgn(d)
√
−c +

√
c2 + d2

2

sgn(d) =

{
−1 , if d < 0
1 , if d ≥ 0

Min Eun Gi : h�ps://min7014.github.io

https://min7014.github.io


z2 = w ( w ∈ C)

Start End

∀w ∈ C,∃z ∈ C s.t. z2 = w
For every complex number w , there exists at least one complex
number z such that z2 = w.

Let z = a+ bi, w = c + di (a, b, c, d ∈ R)
(a+ bi)2 = c + di

a2 − b2 + 2abi = c + di

{
a2 − b2 = c
2ab = d

{
b2 = a2 − c
4a2b2 = d2

4a2(a2 − c) = d2 4a4 − 4ca2 − d2 = 0 a2 =
c ±
√
c2 + d2

2
a = ±

√
c +
√
c2 + d2

2

b = ±sgn(d)
√
−c +

√
c2 + d2

2

sgn(d) =

{
−1 , if d < 0
1 , if d ≥ 0

Min Eun Gi : h�ps://min7014.github.io

https://min7014.github.io


z2 = w ( w ∈ C)

Start End

∀w ∈ C,∃z ∈ C s.t. z2 = w
For every complex number w , there exists at least one complex
number z such that z2 = w.

Let z = a+ bi, w = c + di (a, b, c, d ∈ R)
(a+ bi)2 = c + di

a2 − b2 + 2abi = c + di

{
a2 − b2 = c

2ab = d

{
b2 = a2 − c
4a2b2 = d2

4a2(a2 − c) = d2 4a4 − 4ca2 − d2 = 0 a2 =
c ±
√
c2 + d2

2
a = ±

√
c +
√
c2 + d2

2

b = ±sgn(d)
√
−c +

√
c2 + d2

2

sgn(d) =

{
−1 , if d < 0
1 , if d ≥ 0

Min Eun Gi : h�ps://min7014.github.io

https://min7014.github.io


z2 = w ( w ∈ C)

Start End

∀w ∈ C,∃z ∈ C s.t. z2 = w
For every complex number w , there exists at least one complex
number z such that z2 = w.

Let z = a+ bi, w = c + di (a, b, c, d ∈ R)
(a+ bi)2 = c + di

a2 − b2 + 2abi = c + di

{
a2 − b2 = c
2ab = d

{
b2 = a2 − c
4a2b2 = d2

4a2(a2 − c) = d2 4a4 − 4ca2 − d2 = 0 a2 =
c ±
√
c2 + d2

2
a = ±

√
c +
√
c2 + d2

2

b = ±sgn(d)
√
−c +

√
c2 + d2

2

sgn(d) =

{
−1 , if d < 0
1 , if d ≥ 0

Min Eun Gi : h�ps://min7014.github.io

https://min7014.github.io


z2 = w ( w ∈ C)

Start End

∀w ∈ C,∃z ∈ C s.t. z2 = w
For every complex number w , there exists at least one complex
number z such that z2 = w.

Let z = a+ bi, w = c + di (a, b, c, d ∈ R)
(a+ bi)2 = c + di

a2 − b2 + 2abi = c + di

{
a2 − b2 = c
2ab = d

{
b2 = a2 − c

4a2b2 = d2

4a2(a2 − c) = d2 4a4 − 4ca2 − d2 = 0 a2 =
c ±
√
c2 + d2

2
a = ±

√
c +
√
c2 + d2

2

b = ±sgn(d)
√
−c +

√
c2 + d2

2

sgn(d) =

{
−1 , if d < 0
1 , if d ≥ 0

Min Eun Gi : h�ps://min7014.github.io

https://min7014.github.io


z2 = w ( w ∈ C)

Start End

∀w ∈ C,∃z ∈ C s.t. z2 = w
For every complex number w , there exists at least one complex
number z such that z2 = w.

Let z = a+ bi, w = c + di (a, b, c, d ∈ R)
(a+ bi)2 = c + di

a2 − b2 + 2abi = c + di

{
a2 − b2 = c
2ab = d

{
b2 = a2 − c
4a2b2 = d2

4a2(a2 − c) = d2 4a4 − 4ca2 − d2 = 0 a2 =
c ±
√
c2 + d2

2
a = ±

√
c +
√
c2 + d2

2

b = ±sgn(d)
√
−c +

√
c2 + d2

2

sgn(d) =

{
−1 , if d < 0
1 , if d ≥ 0

Min Eun Gi : h�ps://min7014.github.io

https://min7014.github.io


z2 = w ( w ∈ C)

Start End

∀w ∈ C,∃z ∈ C s.t. z2 = w
For every complex number w , there exists at least one complex
number z such that z2 = w.

Let z = a+ bi, w = c + di (a, b, c, d ∈ R)
(a+ bi)2 = c + di

a2 − b2 + 2abi = c + di

{
a2 − b2 = c
2ab = d

{
b2 = a2 − c
4a2b2 = d2

4a2(a2 − c) = d2

4a4 − 4ca2 − d2 = 0 a2 =
c ±
√
c2 + d2

2
a = ±

√
c +
√
c2 + d2

2

b = ±sgn(d)
√
−c +

√
c2 + d2

2

sgn(d) =

{
−1 , if d < 0
1 , if d ≥ 0

Min Eun Gi : h�ps://min7014.github.io

https://min7014.github.io


z2 = w ( w ∈ C)

Start End

∀w ∈ C,∃z ∈ C s.t. z2 = w
For every complex number w , there exists at least one complex
number z such that z2 = w.

Let z = a+ bi, w = c + di (a, b, c, d ∈ R)
(a+ bi)2 = c + di

a2 − b2 + 2abi = c + di

{
a2 − b2 = c
2ab = d

{
b2 = a2 − c
4a2b2 = d2

4a2(a2 − c) = d2 4a4 − 4ca2 − d2 = 0

a2 =
c ±
√
c2 + d2

2
a = ±

√
c +
√
c2 + d2

2

b = ±sgn(d)
√
−c +

√
c2 + d2

2

sgn(d) =

{
−1 , if d < 0
1 , if d ≥ 0

Min Eun Gi : h�ps://min7014.github.io

https://min7014.github.io


z2 = w ( w ∈ C)

Start End

∀w ∈ C,∃z ∈ C s.t. z2 = w
For every complex number w , there exists at least one complex
number z such that z2 = w.

Let z = a+ bi, w = c + di (a, b, c, d ∈ R)
(a+ bi)2 = c + di

a2 − b2 + 2abi = c + di

{
a2 − b2 = c
2ab = d

{
b2 = a2 − c
4a2b2 = d2

4a2(a2 − c) = d2 4a4 − 4ca2 − d2 = 0 a2 =
c ±
√
c2 + d2

2


a = ±

√
c +
√
c2 + d2

2

b = ±sgn(d)
√
−c +

√
c2 + d2

2

sgn(d) =

{
−1 , if d < 0
1 , if d ≥ 0

Min Eun Gi : h�ps://min7014.github.io

https://min7014.github.io


z2 = w ( w ∈ C)

Start End

∀w ∈ C,∃z ∈ C s.t. z2 = w
For every complex number w , there exists at least one complex
number z such that z2 = w.

Let z = a+ bi, w = c + di (a, b, c, d ∈ R)
(a+ bi)2 = c + di

a2 − b2 + 2abi = c + di

{
a2 − b2 = c
2ab = d

{
b2 = a2 − c
4a2b2 = d2

4a2(a2 − c) = d2 4a4 − 4ca2 − d2 = 0 a2 =
c ±
√
c2 + d2

2
a = ±

√
c +
√
c2 + d2

2

b = ±sgn(d)
√
−c +

√
c2 + d2

2

sgn(d) =

{
−1 , if d < 0
1 , if d ≥ 0

Min Eun Gi : h�ps://min7014.github.io

https://min7014.github.io


z2 = w ( w ∈ C)

Start End

∀w ∈ C,∃z ∈ C s.t. z2 = w
For every complex number w , there exists at least one complex
number z such that z2 = w.

Let z = a+ bi, w = c + di (a, b, c, d ∈ R)
(a+ bi)2 = c + di

a2 − b2 + 2abi = c + di

{
a2 − b2 = c
2ab = d

{
b2 = a2 − c
4a2b2 = d2

4a2(a2 − c) = d2 4a4 − 4ca2 − d2 = 0 a2 =
c ±
√
c2 + d2

2
a = ±

√
c +
√
c2 + d2

2

b = ±sgn(d)
√
−c +

√
c2 + d2

2

sgn(d) =

{
−1 , if d < 0
1 , if d ≥ 0

Min Eun Gi : h�ps://min7014.github.io

https://min7014.github.io


z2 = w ( w ∈ C)

Start End

∀w ∈ C,∃z ∈ C s.t. z2 = w
For every complex number w , there exists at least one complex
number z such that z2 = w.

Let z = a+ bi, w = c + di (a, b, c, d ∈ R)
(a+ bi)2 = c + di

a2 − b2 + 2abi = c + di

{
a2 − b2 = c
2ab = d

{
b2 = a2 − c
4a2b2 = d2

4a2(a2 − c) = d2 4a4 − 4ca2 − d2 = 0 a2 =
c ±
√
c2 + d2

2
a = ±

√
c +
√
c2 + d2

2

b = ±sgn(d)
√
−c +

√
c2 + d2

2

sgn(d)

=

{
−1 , if d < 0
1 , if d ≥ 0

Min Eun Gi : h�ps://min7014.github.io

https://min7014.github.io


z2 = w ( w ∈ C)

Start End

∀w ∈ C,∃z ∈ C s.t. z2 = w
For every complex number w , there exists at least one complex
number z such that z2 = w.

Let z = a+ bi, w = c + di (a, b, c, d ∈ R)
(a+ bi)2 = c + di

a2 − b2 + 2abi = c + di

{
a2 − b2 = c
2ab = d

{
b2 = a2 − c
4a2b2 = d2

4a2(a2 − c) = d2 4a4 − 4ca2 − d2 = 0 a2 =
c ±
√
c2 + d2

2
a = ±

√
c +
√
c2 + d2

2

b = ±sgn(d)
√
−c +

√
c2 + d2

2

sgn(d) =

{
−1 , if d < 0

1 , if d ≥ 0

Min Eun Gi : h�ps://min7014.github.io

https://min7014.github.io


z2 = w ( w ∈ C)

Start End

∀w ∈ C,∃z ∈ C s.t. z2 = w
For every complex number w , there exists at least one complex
number z such that z2 = w.

Let z = a+ bi, w = c + di (a, b, c, d ∈ R)
(a+ bi)2 = c + di

a2 − b2 + 2abi = c + di

{
a2 − b2 = c
2ab = d

{
b2 = a2 − c
4a2b2 = d2

4a2(a2 − c) = d2 4a4 − 4ca2 − d2 = 0 a2 =
c ±
√
c2 + d2

2
a = ±

√
c +
√
c2 + d2

2

b = ±sgn(d)
√
−c +

√
c2 + d2

2

sgn(d) =

{
−1 , if d < 0
1 , if d ≥ 0

Min Eun Gi : h�ps://min7014.github.io

https://min7014.github.io


z2 = w ( w ∈ C)
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