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√
k φ φ

1/
√
k r r

1/
√
k φ

k

k(r, φ) = k(−r, φ+ 2π)

k2 = −
(
R

2

)2
1

G

G



f(x−h)

f(x+ h) h x

f(x− h) = f(x) − hf ′(x) +
h2

2
f ′′(x) − h3

3!
f ′′′(x) +

h4

4!
f ′′′′(x) − ...,

f(x+ h) = f(x) + hf ′(x) +
h2

2
f ′′(x) +

h3

3!
f ′′′(x) +

h4

4!
f ′′′′(x) + ....

f(x+h)−f(x−h) h

f ′(x) � f(x+ h) − f(x− h)

2h
,

f(x+h)+f(x−h)

f ′′(x) � f(x+ h) − 2f(x) + f(x− h)

h2
,



f

x, y

∂xf =
fi,j+1 − fi,j−1

2p
,

∂yf =
fi+1,j − fi−1,j

2h
,

∂2
xf =

fi,j+1 − 2fi,j + fi,j−1

p2
,

∂2
yf =

fi+1,j − 2fi,j + fi−1,j

h2
.

θ φ

x = (R+ r sin θ) cosφ,

y = (R+ r sin θ) sinφ,

z = r cos θ,

θ φ ∈ [0, 2π] r, R

(gij) =

⎡
⎣ (R+ r sin θ)2 0

0 r2

⎤
⎦



�

�

F����	

2


2


0

θ φ θ φ ∈ [0, 2π]

(gij) =

⎡
⎣ 1

(R+r sin θ)2
0

0 1
r2

⎤
⎦

HRP = J

∫ π

−π

∫ 2π

0

[κ′(∂θΦ)2 +
1

κ′
(∂φΦ)2]dφdθ.

κ′ = R+r sin θ
r

Φ

∂θ[κ
′(∂θΦ)] + ∂φ[

1

κ′
(∂φΦ)] = 0

∂2
θΦ +

1

κ′2
∂2

φΦ +
1

κ′
∂κ′

∂θ
∂θΦ − 1

κ′3
∂κ′

∂φ
∂φΦ = 0,

θ → r κ′2 → k

Φ(θ, φ)

Φ(θ, φ) θ φ

∂θΦ =
Φi,j+1 − Φi,j−1

2p
,

∂φΦ =
Φi+1,j − Φi−1,j

2h
,

∂2
θΦ =

Φi,j+1 − 2Φi,j + Φi,j−1

p2
,

∂2
φΦ =

Φi+1,j − 2Φi,j + Φi−1,j

h2
.



p h θ φ i

φ j θ

θ φ [0, 2π]

Φ

R

Φ(0, φ) = Φ(2π, φ) = φ+π/2 Φ(θ, 0) = π/2

Φ(θ, 2π) = 5π/2

Φ φ

1 2 3 4 5 6
Φ

1

2

3

4

5

6

7

8
��Φ�

Φ φ

Φ φ Φ = qφ + φ0

q ∈ Z







3rd









7th


