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dn

dt
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D′
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[
D⊥ 0

0 D‖

]
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dn

dt
= ∇′ ·

[
D′ · ∇′

n
]
= ∇′ · �Γ′ = ∇′ ·

[
Γx′

Γy′

]
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R =

[
cosα − sinα

sinα cosα

]
; �Γ = R · �Γ′ ;∇′

n = R · ∇n �'�
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dn

dt
= ∇ ·

[
R−1D′R · ∇n

]
; �)�

D = R−1D′R =

[
D⊥ cos2 α+D‖ sin2 α

(
D‖ −D⊥

)
cosα sinα(

D‖ −D⊥
)
cosα sinα D‖ cos2 α+D⊥ sin2 α

]
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V

dn

dt
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˛

A

[
(D⊥ cos2 α+D‖ sin2 α)∂n∂x +

((
D‖ −D⊥

)
cosα sinα)∂n∂y

)
((
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)
cosα sinα)∂n∂x

)
+ (D‖ cos2 α+D⊥ sin2 α)∂n∂y

]
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Vi
nt+�t
e,i −nt

e,i

�t =

=
∑
j

⎛
⎝[

(D⊥ cos2 α+D‖ sin2 α)∂n∂x +
((
D‖ −D⊥

)
cosα sinα)∂n∂y

)
((
D‖ −D⊥

)
cosα sinα)∂n∂x

)
+ (D‖ cos2 α+D⊥ sin2 α)∂n∂y

]∣∣∣∣∣
f,j

· dAf,j�nf,j

⎞
⎠

e, i ith f, j jth

∂n

∂x
≈ n2 − n1

	x ;
∂n

∂y
≈

n1+n2+n3+n4

4 − n1+n2+n5+n6

4

	y

Θ = D‖/D⊥

α
α = −45 Θ → ∞
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〈error(t)〉 = 1

Nelem

N∑
i=1

|ni(t)− n(t = 0)|
n(t = 0)
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Θeff ∼ ... Θ → ∞ Θ = 100 Θ = 10

α = 20 ∼ 5 ∼ 4 ∼ 3

α = 45 ∼ 5 ∼ 5 ∼ 3

α = 60 ∼ 5 ∼ 5 ∼ 3

α = 20 ∼ 20 ∼ 15 ∼ 5

α = 45 ∼ 25 ∼ 15 ∼ 5

α = 60 ∼ 20 ∼ 15 ∼ 6

α = 20 ∼ 50 ∼ 25 ∼ 8

α = 45 ∼ 50 ∼ 30 ∼ 8

α = 60 ∼ 50 ∼ 30 ∼ 7

Θeff

α Θ

∇ × −→
B ≈ 0 ∇ · −→B = 0 ∂

−→
B
∂t = 0

λ
σ

∇ · −→B = 0 → ∇2λ = 0 → ∂λ

∂r
= −rBz;

∂λ

∂z
= rBr

∇×−→
B ≈ 0 → ∇σ = �B → ∂σ

∂r
= Br;

∂σ

∂z
= Bz

λ �1‖ σ
�1⊥
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λ σ

ψ nψ⎧⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎩

ψq = ψmin

exp
(

q0−q
q0−1αψ

)
−1

exp(αψ)−1 q < q0

ψq = ψmax

exp
(

q−q0
nψ−q0

αψ

)
−1

exp(αψ)−1 q > q0

q0 = int
(
nψ

ψmin

ψmax−ψmin

)
;ψ(q0) = 0

ψ = 0
αψ

λ σ

λ σ



smoothness =
max(Aelement,Aadjacent)
min(Aelement,Aadjacent)

aspect ratio = max(facet−lengthelement)
min(facet−lengthelement)

skewness = max
[

θmax−θe
180 −θe

, θe−θmax

θe

]
A element adjacent

θmax θe

λ σ



φ
φ

1

φ



φ1 ∼ λ2 + σ2

φ2 ∼ λ3 · σ3

φ3 ∼ sinλ · cosσ

λ σ

log10
φ1 φ2 φ3

×
φ1 φ2 φ3

φ3 � 1



α

Θ = D‖/D⊥ = 10

t′ = 0



Θ
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