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C

C R
2

I 0 1 I = [0, 1] ⊂ R

D ⊂ C D

homotopic simply connected D

γ : I → C γ(I) ⊂ D γ(0) = γ(1) z0 ∈ D

H : I × I → C

(1) H(I × I) ⊂ D

(2) H(0, θ) = H(1, θ), ∀θ ∈ I

(3) H(t, 0) = γ(t), H(t, 1) = z0, ∀t ∈ I

C D D star-shaped

a ∈ D z ∈ D a z

[a, z] := {θa+ (1− θ)z ∈ C ; θ ∈ I} D

( ) D a ∈ D D

γ : I → C (t, θ) ∈ I × I H(t, θ) = θa + (1 − θ)γ(t)

H : I × I → C t ∈ I [a, γ(t)] ⊂ D H(I × I) ⊂ D

H(0, θ) = θa + (1− θ)γ(0) = θa + (1− θ)γ(1) = H(1, 0), H(t, 0) = γ(t), H(t, 1) = a

γ a

. C D

(1) D = C

(2) D = C+ := {z ∈ C; Im z > 0}
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(3) D = C− := {z ∈ C; Im z < 0}

(4) D = B(a; r) := {z ∈ C; |z − a| < r}, a ∈ C, r > 0

(5) D = C \ (−∞, 0]

(6) D = C \ {reiθ ∈ C; r ≥ 0}, θ ∈ [0, 2π)

(1) - (4) D (5) D a > 0

z ∈ C \ (−∞, 0]

[a, z] = {θa+ (1− θ)z ∈ C; θ ∈ I} ⊂ C \ (−∞, 0] (1.1)

Im z �= 0 Im(θa+ (1− θ)z) = (1− θ)Im z θ �= 1

Im(θa+(1− θ)z) �= 0 θ = 1 θa+(1− θ)z = a > 0 [a, z] ⊂ C\ (−∞, 0]

Im z = 0 z > 0 [a, z] ⊂ (0,∞) ⊂ C \ (−∞, 0]

(1.1) (6) D

annulus

0 ≤ r ≤ R ≤ ∞ r, R

{z ∈ C; r < |z| < R}

R = ∞

{z ∈ C; |z| > r} = C \B(0; r),

R = ∞, r = 0

{z ∈ C; |z| > 0} = C \ {0},

0 < r < R < ∞

{z ∈ C; r < |z| < R} = B(0;R) \B(0; r),

0 = r < R < ∞

{z ∈ C; 0 < |z| < R} = B(0;R) \ {0}

0 ≤ r < R ≤ ∞ r, R

J = [a, b] f : J → R f(a) �= f(b)

(1) f(a) < f(b)
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(a-1) a < c < (a+ b)/2 c ∈ J f(a) < f(c) ≤ (f(a) + f(b))/2

(a-2) J (xn;n ≥ 1) n ≥ 1

0 < xn − a < (b− a)/2n,

0 < f(xn)− f(a) ≤ (f(b)− f(a))/2n

(b-1) (a+ b)/2 < c < b c ∈ J (f(a) + f(b))/2 ≤ f(c) < f(b)

(b-2) J (xn;n ≥ 1) n ≥ 1

0 < b− xn < (b− a)/2n,

0 < f(b)− f(xn) ≤ (f(b)− f(a))/2n

(2) f(a) > f(b)

(a-1) a < c < (a+ b)/2 c ∈ J (f(a) + f(b))/2 ≤ f(c) < f(a)

(a-2) J (xn;n ≥ 1) n ≥ 1

0 < xn − a < (b− a)/2n,

0 < f(a)− f(xn) < (f(a)− f(b))/2n

(b-1) (a+ b)/2 < c < b c ∈ J f(b) < f(c) ≤ (f(a) + f(b))/2

(b-2) J (xn;n ≥ 1) n ≥ 1

0 < b− xn < (b− a)/2n,

0 < f(xn)− f(b) ≤ (f(a)− f(b))/2n

( ) (1) f(a) < (f(a) + f(b))/2 < f(b)

K : = {c ∈ (a, b); f(a) < f(c) ≤ (f(a) + f(b))/2}
= (a, b) ∩ f−1((f(a), (f(a) + f(b))/2])

K ∩ (a, (a+ b)/2) x ∈ (a, (a+ b)/2)

f(x) > (f(a) + f(b))/2

f x ↓ a

f(a) ≥ (f(a) + f(b))/2

f(a) ≥ f(b) f(a) < f(b)
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K ∩ (a, (a+ b)/2) �= ∅ (a-1) c ∈ K ∩ (a, (a+ b)/2)

a < c < (a+ b)/2 ⇔ 0 < c− a < (b− a)/2

f(a) < f(c) ≤ (f(a) + f(b))/2 ⇔ 0 < f(c)− f(a) ≤ (f(b)− f(a))/2

b c

a < d < (a+ c)/2 ⇔ 0 < d− a < (c− a)/2

f(a) < f(d) ≤ (f(a) + f(c))/2 ⇔ 0 < f(d)− f(a) ≤ (f(c)− f(a))/2

d d

0 < d− a < (c− a)/2 < (b− a)/4

0 < f(d)− f(a) ≤ (f(c)− f(a))/2 ≤ (f(b)− f(a))/4

x1 = c, x2 = d (a-2) (xn;n ≥ 1)

(b-1)(b-2)

(2) (1)

r = 0, R = ∞ D = C \ {0}
γj : I → C \ {0}

γ0(t) = e2πit, t ∈ I

γ1(t) = 1/2, t ∈ I

γ0 γ1
H : I × I → C

(1) H(I × I) ⊂ C \ {0}
(2) H(0, θ) = H(1, θ), ∀θ ∈ I

(3) H(t, 0) = γ0(t), H(t, 1) = γ1(t), ∀t ∈ I

γθ : I → C \ {0}
γθ(t) = H(t, θ), ∀t ∈ I I J

J := {θ ∈ I; ∃tθ ∈ I : γθ(tθ) < 0 ε, δ > 0

B(γθ(tθ); ε) ∩ C± ∩ γθ((tθ − δ, tθ + δ)) �= ∅}

0 ∈ J

t0 = 1/2 γ0(t0) = eπi = −1 ε, δ > 0

B(−1 ε) ∩ C± ∩ γ0((1/2− δ, 1/2 + δ))

= {e2πit ∈ C; 0 < |1/2− t| < δ, 0 < |e2πit + 1| < ε} �= ∅
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0 ∈ J

η > 0 (0, η) ⊂ J

0 < ε < 1/
√
2 ε H η > 0

|θ| < η θ

‖γθ − γ0‖∞ = sup
t∈I

|γθ(t)− γ0(t)| < ε

Reγ0

(
3

8

)
= Reγ0

(
5

8

)
= − 1√

2
, Reγ0

([
3

8
,
5

8

])
=

[
−1,− 1√

2

]
,

Imγ0

(
3

8

)
=

1√
2
, Imγ0

(
5

8

)
= − 1√

2
, Imγ0

([
3

8
,
5

8

])
=

[
− 1√

2
,
1√
2

]
,

Imγθ

(
3

8

)
= Imγ0

(
3

8

)
+ Im

(
γθ

(
3

8

)
− γ0

(
3

8

))

≥ 1√
2
− ‖γθ − γ0‖∞ >

1√
2
− ε > 0,

Imγθ

(
5

8

)
= Imγ0

(
5

8

)
+ Im

(
γθ

(
5

8

)
− γ0

(
5

8

))

≤ − 1√
2
+ ‖γθ − γ0‖∞ < − 1√

2
+ ε < 0

Imγθ : I → R tθ ∈
(
3
8
, 5
8

)
Imγθ(tθ) = 0 Reγ0(tθ) ∈ Reγ0([

3
8
, 5
8
]) = [−1,− 1√

2
]

γθ(tθ) = Reγθ(tθ) = Reγ0(tθ) + Re(γθ(tθ)− γ0(tθ))

≤ − 1√
2
+ ‖γθ − γ0‖∞ < − 1√

2
+ ε < 0

(s±n ) ⊂ I

± Imγθ(s
±
n ) > 0,

3

8
< s+1 < · · · < s+n ↑ tθ, Imγθ

(
3

8

)
> Imγθ(s

+
1 ) > · · · > Imγθ(s

+
n ) ↓ 0 (n → ∞)

5

8
> s−1 > · · · > s−n ↓ tθ, Imγθ

(
5

8

)
< Imγθ(s

−
1 ) < · · · < Imγθ(s

−
n ) ↑ 0 (n → ∞)
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γθ

|γθ(s±n )− γθ(tθ)| → 0 (n → ∞)

δ > 0 N ≥ 1 n ≥ N

γθ(s
±
n ) ∈ B(γθ(tθ); ε) ∩ C± ∩ γθ((tθ − δ, tθ + δ))

(0, η) ⊂ J

sup J ∈ J

θ∗ := sup J J ( ) R

J (θn;n ≥ 1) ⊂ J θn ↑ θ∗(n → ∞) H

‖γθn − γθ∗‖∞ = sup
t∈I

|γθn(t)− γθ∗(t)| → 0 (n → ∞)

θn ∈ J n ≥ 1 tθn ∈ I

γθn(tθn) < 0

ε, δ > 0

B(γθn(tθn); ε) ∩ C± ∩ γθn((tθn − δ, tθn + δ)) �= ∅

tn = tθn (tn;n ≥ 1)

t0 ∈ I (tnj
; j ≥ 1) tnj

→ t0(j → ∞)

|Imγθ∗(t0)| = |Im(γθ∗(t0)− γθ∗(tnj
)) + Im(γθ∗(tnj

)− γθnj
(tnj

))|
≤ |γθ∗(t0)− γθ∗(tnj

)|+ ‖γθ∗ − γθnj
‖∞ → 0 (j → ∞)

Imγθ∗(t0) = 0 γθ∗(t0) ∈ R

γθ∗(t0) = γθnj
(tnj

) + (γθ∗(tnj
)− γθnj

(tnj
)) + (γθ∗(t0)− γθ∗(tnj

))

≤ γθnj
(tnj

) + ‖γθ∗ − γθnj
‖∞ + |γθ∗(t0)− γθ∗(tnj

)|
< ‖γθ∗ − γθnj

‖∞ + |γθ∗(t0)− γθ∗(tnj
)| → 0 (j → ∞)

γθ∗(t0) ≤ 0 γθ∗(I) ⊂ C \ {0} γθ∗(t0) < 0

B(γθ∗(t0); ε)∩C± ∩ γθ∗((t0 − δ, t0 + δ)) �= ∅ N0 ≥ 1 j ≥ N0

‖γθnj
− γθ∗‖∞ < ε/4 j ≥ N0

γθnj
(t0) ∈ B

(
γθ∗(t0);

ε

4

)
tnj

→ t0(j → ∞)

|γθnj
(tnj

)− γθ∗(t0)| ≤ |γθnj
(tnj

)− γθ∗(tnj
)|+ |γθ∗(tnj

)− γθ∗(t0)|
≤ ‖γθnj

− γθ∗‖∞ + |γθ∗(tnj
)− γθ∗(t0)| → 0 (j → ∞)
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N1 ≥ N0 N1 j ≥ N1

γθnj
(tnj

) ∈ B
(
γθ∗(t0);

ε

4

)
B(γθnj

(tnj
); ε

4
) ∩C± ∩ γθnj

((tnj
− 1

nj
, tnj

+ 1
nj
)) �= ∅ j ≥ 1

s±j ∈ I

|tnj
− s±j | <

1

nj

, ±Imγθnj
(s±j ) > 0,

|γθnj
(s±j )− γθnj

(tnj
)| < ε

4

γθ∗ N2 ≥ N1 j ≥ N2

|γθ∗(tnj
)− γθ∗(t0)| < ε

4

j ≥ N2

|γθ∗(s±j )− γθ∗(t0)|
≤ |γθ∗(s±j )− γθnj

(s±j )|+ |γθnj
(s±j )− γθnj

(tnj
)|+ |γθnj

(tnj
)− γθ∗(tnj

)|+ |γθ∗(tnj
)− γθ∗(t0)|

< ‖γθ∗ − γθnj
‖∞ +

ε

4
+ ‖γθnj

− γθ∗‖∞ + |γθ∗(tnj
)− γθ∗(t0)|

< ε

s±j → t0(j → ∞) N3 ≥ N2 j ≥ N3

γθ∗(s
±
j ) ∈ B(γθ∗(t0); ε) ∩ C± ∩ γθ∗((t0 − δ, t0 + δ))

θ∗ ∈ J

θ∗ = sup J θ∗ ∈ J

(i) θ∗ < 1, (ii) θ∗ = 1

(i) θ∗ < 1

θ∗ ∈ J tθ∗ ∈ I γθ∗(tθ∗) < 0 ε, δ > 0

B(γθ∗(tθ∗); ε)∩C±∩γθ∗((tθ∗−δ, tθ∗+δ)) �= ∅ (t±n ;n ≥ 1) ⊂ I

t±n → tθ∗ , γθ∗(t
±
n ) → γθ∗(tθ∗),±Imγθ∗(t

±
n ) > 0,±Imγθ∗(t

±
1 ) > · · · > ±Imγθ∗(t

±
n ) ↓ 0 (n → ∞)

I (θn;n ≥ 1)

θn > θ∗,

θ1 > θ2 > · · · > θn ↓ θ∗,

‖γθn − γθ∗‖∞ <
1

2
min(−γθ∗(tθ∗),±Imγθ∗(t

±
n ))
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n ≥ 1

±Imγθn(t
±
n ) = ±Imγθ∗(t

±
n )∓ Im(γθ∗(t

±
n )− γθn(t

±
n ))

≥ ±Imγθ∗(t
±
n )− ‖γθ∗ − γθn‖∞

> ±1

2
Imγθ∗(t

±
n ) > 0

Imγθn : I → R Imγθn(sn) = 0 sn ∈ I

sn t−n t+n sn → tθ∗(n → ∞)

|γθn(sn)− γθ∗(tθ∗)| ≤ |γθn(sn)− γθ∗(sn)|+ |γθ∗(sn)− γθ∗(tθ∗)|
≤ ‖γθn − γθ∗‖∞ + |γθ∗(sn)− γθ∗(tθ)|
→ 0,

|γθn(t±n )− γθ∗(tθ∗)| ≤ |γθn(t±n )− γθ∗(t
±
n )|+ |γθ∗(t±n )− γθ∗(tθ∗)|

≤ ‖γθn − γθ∗‖∞ + |γθ∗(t±n )− γθ∗(t
∗
θ)|

→ 0,

|γθn(sn)− γθ∗(t
±
n )| ≤ |γθn(sn)− γθ∗(tθ∗)|+ |γθ∗(tθ∗)− γθn(t

±
n )|

→ 0,

N ≥ 1 n ≥ N

γθn(sn) = Reγθn(sn) < 0,

γθn(t
±
n ) ∈ B(γθn(sn); ε) ∩ C± ∩ γθn((sn − δ, sn + δ))

θn ∈ J θ∗ θ∗ < 1

(ii) θ∗ = 1

1 ∈ J γ1(1) = 1/2 ∈ C±

C

1 D ⊂ C

(1) D D null-homotopic

(2) D 0 homologous to 0 D γ

a ∈ C \D Ind(γ; a) = 0

(3) D {z ∈ C; |z| < 1}

(4) C \D K C

C \D = K � C K = ∅
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(5) C \D �= ∅ D ( )

(6) D 0 �∈ f(D)

f : D → C g : D → C f = exp ◦g

(7) D 0 �∈ f(D)

f : D → C h : D → C f = h2

(8) D u : D → R

f : D → C u = Ref

(9) D f : D → C

F : D → C f = F ′

(10) D D f :

D → C D γ ∫
γ

f = 0

(11) D D

f : D → C D γ : I → C

z ∈ D \ γ(I)

Ind(γ; z)f(z) =
1

2πi

∫
γ

f(ζ)

ζ − z
dζ

(1) (4) (5) (6) (11)

C \ {0}

C \ {0} (10)

γ(t) = e2πit, t ∈ [0, 1] D = C \ {0}
γ f(z) = 1/z, z ∈ C \ {0} f : D → C (10)

∫
γ

f = 2πit �= 0 (1)

f C \ {0} C \ {0}
(1)∫

γ

f =

∫ 1

0

f(γ(t))γ′(t)dt =
∫ 1

0

1

e2πit
· 2πie2πitdt = 2πi

∫ 1

0

dt = 2πi
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(11) f ≡ 1

1 = Ind(γ; 0) =
1

2πi

∫
γ

1

ζ
dζ

a ∈ R \ {±1} γa : [0, 1] � t �→ γa(t) = e2πit + a

C \ {0} (11)∫
γa

1

ζ
dζ = 2πiInd(γa; 0) =

{
1, |a| < 1

0, |a| > 1

∫
γa

1

ζ
dζ =

∫ 1

0

1

γa(t)
γ′
a(t)dt

=

∫ 1

0

1

e2πit + a
2πie2πitdt

= 2πi

∫ 1

0

(e2πit + a)− a

e2πit + a
dt

= 2πi− 2πia

∫ 1

0

1

e2πit + a
dt

=

⎧⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎩

2πi− 2πia

∫ 1

0

e−2πit · 1

1 + ae−2πit
dt (|a| < 1)

2πi− 2πi

∫ 1

0

1

e2πita−1 + 1
dt (|a| > 1)

=

⎧⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎩

2πi− 2πia

∫ 1

0

∞∑
j=0

(−a)je−2πi(j+1)tdt (|a| < 1)

2πi− 2πi

∫ 1

0

∞∑
j=0

(−e2πita−1)jdt (|a| > 1)

=

⎧⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎩

2πi− 2πi
∞∑
j=0

(−1)jaj+1

∫ 1

0

e−2πi(j+1)tdt (|a| < 1)

2πi− 2πi
∞∑
j=0

(−1)ja−j

∫ 1

0

e2πijtdt (|a| > 1)

=

⎧⎪⎨
⎪⎩

2πi (|a| < 1)

0 (|a| > 1)
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∫
γa

1

ζ
dζ = 2πi− 2πia

∫ 1

0

1

e2πit + a
dt

= 2πi− 2πia

∫ 1

0

e−2πit + a

(e2πit + a)(e−2πit + a)
dt

= 2πi− 2πia

∫ 1

0

cos 2πt− i sin 2πit+ a

1 + 2a cos 2πt+ a2
dt

= 2πi− 2πia

∫ 1

0

cos 2πt

1 + 2a cos 2πt+ a2
dt− 2πia2

∫ 1

0

1

1 + 2a cos 2πt+ a2
dt

=

⎧⎪⎪⎪⎨
⎪⎪⎪⎩

2πi− 2πia · −a

1− a2
− 2πia2 · 1

1− a2
= 2πi (|a| < 1)

2πi− 2πia · −1

a(a2 − 1)
− 2πia2 · 1

a2 − 1
= 0 (|a| > 1)

∫ 1

0

1

1 + 2a cos 2πt+ a2
dt =

⎧⎪⎨
⎪⎩

1

1− a2
(|a| < 1) (2)

1

a2 − 1
(|a| > 1) (3)

∫ 1

0

cos 2πt

1 + 2a cos 2πt+ a2
dt =

⎧⎪⎨
⎪⎩

− a

1− a2
(|a| < 1) (4)

− 1

a(a2 − 1)
(|a| > 1) (5)

a 1/a (2) (3) (4) (5) 4

(2) (4) ∫ π

0

1

1 + 2a cos x+ a2
dx =

π

1− a2
(|a| < 1) (6)∫ π

0

cos x

1 + 2a cos x+ a2
dx = − πa

1− a2
(|a| < 1) (7)

(6)(7)
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∫ π

0

1

1 + 2a cos x+ a2
dx =

[
2

1− a2
Tan−1

(
1− a

1 + a
tan

x

2

)]π
0

=
2

1− a2
lim
x↑π

Tan−1

(
1− a

1 + a
tan

x

2

)
=

π

1− a2 ,

∫ π

0

cos x

1 + 2a cos x+ a2
dx =

[
x

2a
− 1 + a2

a(1− a2)
Tan−1

(
1− a

1 + a
tan

x

2

)]π
0

=
π

2a
− 1 + a2

a(1− a2)
lim
x↑π

Tan−1

(
1− a

1 + a
tan

x

2

)

=
π

2
− π(1 + a2)

2a(1− a2)
= − πa

1− a2

d

dx

(
Tan−1

(
1− a

1 + a
tan

x

2

))
=

1

1 +
(
1−a
1+a

tan x
2

)2 1− a

1 + a

1

2 cos2 x
2

=
1

2

1− a

1 + a

1

cos2 x
2
+ (1−a

1+a
)2 sin2 x

2

=
1

2

1− a

1 + a

1

1− (1− (1−a
1+a

)2) sin2 x
2

=
1

2

1− a

1 + a

1

1− 4a
(1+a)2

sin2 x
2

=
1

2

1− a

1 + a

1

1− 2a
(1+a)2

(1− cosx)

=
(1− a)(1 + a)

2

1

(1 + a)2 − 2a+ 2a cosx

=
1− a2

2

1

1 + a2 + 2a cos x

d

dx

(
x

2a
− 1 + a2

a(1− a2)
Tan−1

(
1− a

1 + a
tan

x

2

))

=
1

2a
− 1 + a2

2a

1

1 + a2 + 2a cosx

=
1

2a

(1 + a2 + 2a cos x)− (1 + a2)

1 + a2 + 2a cos x
=

cos x

1 + a2 + 2a cosx

θ = tan
x

2
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1

1 + 2a cos θ + a2
=

1

1 + a(eiθ + e−iθ) + a2
=

1

e−iθ(eiθ + ae2iθ + a+ a2eiθ)

=
eiθ

(eiθ + a)(1 + aeiθ)

=
eiθ

1− a2

(
1

eiθ + a
− a

1 + aeiθ

)

=
1

1− a2

(
1

1 + ae−iθ
− aeiθ

1 + aeiθ

)

=
1

1− a2

( ∞∑
n=0

(−ae−iθ)n +
∞∑
n=1

(−ae−iθ)n

)

=
1

1− a2

(
1 +

∞∑
n=1

(−a)n(e−inθ + einθ)

)

=
1

1− a2

(
1 + 2

∞∑
n=1

(−a)n cosnθ

)

cosnθ
2(−a)n

1− a2

(−a)n

1− a2
=

1

2π

∫ 2π

0

cosnθ

1 + 2a cos θ + a2
dθ =

1

π

∫ π

0

cosnθ

1 + 2a cos θ + a2
dθ

(6)(7)

D = C \ {0} D γ

f(z) = zn, n ∈ Z f C \ {0} n �= −1∫
γ

f =

∫ 1

0

f(γ(t))γ′(t)dt

=

∫ 1

0

e2πint · 2πie2πit = 2πi

∫ 1

0

e2πi(n+1)tdt

= 2πi

∫ 1

0

(cos(2π(n+ 1)t)) + i(sin(2π(n+ 1)t))dt

= 2πi

[
sin(2π(n+ 1)t)

2π(n+ 1)
− i

cos(2π(n+ 1)t)

2π(n+ 1)

]1
0

= 0 (6)
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C \ {0} (6)

z ∈ C \ {0} z = exp(f(z)) f : C \ {0} → C

1 f z ∈ C \ {0}
g(z) =

exp(1
2
f(z2))

z
g : C\{0} → C z ∈ C\{0}

g(z)2 =
exp(f(z2))

z2
= 1

U± = {z ∈ C \ {0}; g(z) = ±1}
C \ {0} = U+ ∪ U− U+ ∩ U− = ∅

U± = g−1({±1}) C \ {0} (0,∞)

(−∞, 0) U+ = g−1((0,∞)) U− = g−1((−∞, 0))

C \ {0}

U+ = ∅ U− = C\{0} z ∈ C\{0} exp(1
2
f(z2)) = −z

z = 1 exp(1
2
f(1)) = −1, z = −1 exp(1

2
f(1)) = 1

U+ �= ∅ U− = ∅ U+ = C \ {0}
z ∈ C \ {0} exp(1

2
f(z2)) = z z = 1 exp(1

2
f(1)) = 1, z = −1

exp(1
2
f(1)) = −1 U− �= ∅

C \ {0}

C \ {0} = U+ � U−, U± �= ∅, U± C \ {0}

C \ {0}

2 f θ ∈ R z = eiθ

eiθ = exp(f(eiθ)) k(θ) ∈ Z iθ − f(eiθ) = 2πk(θ)i

θ R � θ �→ iθ − f(eiθ) ∈ C R � θ �→ k(θ) ∈ R

k(θ) ∈ Z k0 ∈ Z θ ∈ R iθ − f(eiθ) = 2πk0i

θ = 0 2π −f(1) = 2πk0i 2πi − f(1) = 2πk0i

2πk0 = if(1) = 2πk0 − 2π

I II

E. Freitag and R. Busam, Complex Analysis, Springer
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