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T ∗
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+∇ ·

(
∑

α

nαmαùα

)

= 0



∂ρ

∂t
+∇ · (ρù) = 0

qα

∂ρc

∂t
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∑
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(
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)
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=
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1/τ = ω ∂/∂x → 1/L

2 = σe(�+ ù× 
)

ρc = 0

∂ρ

∂t
+∇ · (ρù) = 0

∇ · 2 = 0

ρ
dù
dt

+∇p− 2× 
 = 0

2 = σe(�+ ù× 
)

pρ−5/3 = C



ŌŵŎŵŋ K¹ÂÉÚ·Û ÁËïÉ¯à µ· Ą£ÖÉµ£¯ÉâÛ µ· Ö£ :£ÂÛ·õàÇÉµëàµÉÛ¥ÚÉ¯£

ω

ω ≪ ωfp, ωc,i

L

L≫ rL,i

ω

ω =
vT,e

L

L = 2

vT,e

ω

vT,e =

√

3kTe
me

= 5.7 · 107 ⇒ ω = 2.85 · 107 −1

ωfp = 8.0·1011 −1

ωc,i = 1.2 · 109 −1 B = 5 ne = 2.0 · 1020 −3

rL,i = 5.0 · 10−3

| (1/c2)∂�/∂t |
| ∇ × 
 |

≈
1

c2
E

B

L

τ
≈

1

c

2
(
L

τ

)2

≈
(v

c

)2

≪ 1

v/c ∝ 10−4



∇× 
 = µ02

∇× � = −
∂

∂t

∇ · 
 = 0.

ŌŵŎŵŌ :£ÂÛ·õàÇÉµëàµÉÛ¥ÚÉ¯£ (µ·£Ö

σ → ∞

�+ ù× 
 = 0

[15]

| 2
σ
|

| ù× 
 |
=

1

σµ0Lu
≪ 1

σ → ∞

∂

∂t

= ∇× (ù× 
)



ō �êùÉÖÉ®ëÉà µ·Ö IÖ£ïÚ£ ċ �¯ù£¯ÉâÛ µ·
!ë£µśOÇ£Áë£ÛàĄ

ōŵŋ �êùÉÖÉ®ëÉà µ· ùÛ IÖ£ïÚ£

ù = 0

∂/∂t = 0

∇p = 2× 


∇× 
 = µ02

∇ · 
 = 0



 ÉÂùë£ ōśŋŵ


 · ∇p = 0




2 · ∇p = 0

2

[16]

2

 p

 ÉÂùë£ ōśŌŵ



∇ ·
 = 0

2 × 
 ∇p

ōŵŌ �¯ù£¯ÉâÛ µ· !ë£µśOÇ£Áë£ÛàĄ

(r, φ, z) φ ∂/∂φ = 0


 = (Br, Bφ, Bz) dOP dOT

ψP =

∫


 · dOP

ψT =

∫


 · dOT

 ÉÂùë£ ōśōŵ



IT =

∫

2 · dOT

IP =

∫

2 · dOP

φ

1

r

∂

∂r
(rBr) +

∂Bz

∂z
= 0


 = ∇ × �

Br = −
∂Aφ

∂z

Bz =
1

r

∂

∂r
(rAφ)

ψ(r, z) = rAφ

Br = −
1

r

∂ψ

∂z

Bz =
1

r

∂ψ

∂r


 · ∇ψ = 0

ψ 
 · ∇p

p = p(ψ) 
P





P =
1

r
∇ψ × Ƨ·φ


 = 
P +BφƧ·φ

ψ

Ra z = 0 Rb



 ÉÂùë£ ōśŎŵ Ra < r < Rb

z = 0

ψP =

∫ 2π

0

dφ

∫ Rb

Ra

rdrBz(r, 0)

= 2π

∫ Rb

Ra

rdr
1

r

∂ψ

∂r

= 2πψ(Rb, 0)

ψ(Ra, 0) = 0

ψ

ψ

φ

JzBr − JrBz =
1

r

∂p

∂φ
= 0

Jr Jz

Jr = −
1

µ0

∂Bφ

∂z

Jz =
1

µ0r

∂(rBφ)

∂r

1

r

∂

∂r
(rBφ)Br +

∂Bφ

z
Bz = 0

F = rBφ



∂F

∂r
Br +

∂F

∂z
Bz = 0


 · ∇F = 0 
 · ∇ψ = 0 F

ψ F = F (ψ) F

r = 0

Rb

IP =

∫

2P · dO

=

∫ 2π

0

dφ

∫ Rb

0

rdrJz(r, 0)

= 2π

∫ Rb

0

rdr
1

r

∂

∂r
(rBφ)

= 2πrBφ(Rb, 0) = 2πF (ψ)


 =
1

r
∇ψ × Ƨ·φ +

F (ψ)

r
Ƨ·φ.

r

JφBz − JzBφ =
∂p

∂r

Jφ

µ0Jφ =
∂Br

∂z
−
∂Bz

∂r

= −
1

r

∂2ψ

∂z2
−

1

r

∂2ψ

∂r2
+

1

r2
∂ψ

∂r

= −
1

r
∆∗ψ

∆∗

∆∗ = r
∂

∂r

(
1

r

∂ψ

∂r

)

+
∂2

∂z2

Jz

µ0Jz =
1

r

∂

∂r
(rBφ) =

1

r

∂F

∂r
=

1

r

dF

dφ

∂ψ

∂r



−
1

µ0r
∆∗ψ

(
1

r

∂ψ

∂r

)

−
1

µ0r

dF

dψ

∂ψ

∂r

(
F (ψ)

r

)

=
dp

dψ

∂ψ

∂p

∆∗ψ = −µ0r
2 dp

dψ
− F

dF

dψ

ψ ψ = 0



Ŏ OàÖù¯ÉàÛ·ï µ· OàÖàĄÉ·Ą ċ K·ïùÖõ£µàï

Ŏŵŋ OàÖù¯ÉàÛ·ï µ· OàÖàĄÉ·Ą

ψ
[4]

ψ(r, z) = Az2(r2 +BR2
m) + C(r2 −Rm)

2

(r = Rm, z = 0)

[1]

R = R0 − b+ (a+ b θ) (θ + δ θ)

Z = κa θ

R0 a κ κ = 1

δ b

A



 ÉÂùë£ Ŏśŋŵ ψ A B = 0.5 C = 1

ψ = 0

 ÉÂùë£ ŎśŌŵ ψ A

κ, a, δ b

[amin, amax] [κmin, κmax] δmin, δmax bmin, bmax

a

z = 0 κ δ b

z = 0



 ÉÂùë£ Ŏśōŵ a, κ, δ b

A [0.01, 5] B = 0.5 C = 1.0 y = f(x)



 ÉÂùë£ ŎśŎŵ A

κ

B

 ÉÂùë£ Ŏśŏŵ B A C =

B

A B

C



 ÉÂùë£ ŎśŐŵ B

 ÉÂùë£ Ŏśőŵ C

∆

[17]

ψ(r, z) =
[

r −
ǫ

2
(1− r2)

]2

+

(

1−
ǫ2

4

)

[1 + τǫr(2 + ǫr)]
z2

σ2



τ, σ ǫ

 ÉÂùë£ ŎśŒŵ

R2 aR2



K·ïùÖõ£µàï ïàÖù¯ÉâÛ ŞŎśŋş

κ axb a = 1.56964± 0.00124

b = −0.50210± 3E − 05

κ a+ b (−cx) a = 8.0131± 0.5978

b = 13.0985± 1.0197

c = 1.0336± 0.0236

δ a+ b (−cx) a = −0.1214± 0.0003

b = 0.2261± 0.0008

c = 2.7307± 0.1219

axb a = 0.2380± 0.0001

b = −0.5796± 0.0003

κ axb a = 11.3670± 0.0088

b = 0.50769± 0.00002

δ axb a = −0.019187± 0.000002

b = −0.7145± 0.0012

∆ axb a = 0.009201± 0.000002

b = −1.3815± 0.0046



K·ïùÖõ£µàï ïàÖù¯ÉâÛ ŞŎśŎş

ǫ ax4 + bx3 + cx2 + dx+ e R2 a = 0.023255± 0.000003

aR2 b = 0.000056± 0.000002

c = −0.11496± 0.00002

d = 0.00003± 0.00001

e = 0.322680± 0.000002

ǫ κ ax4 + bx3 + cx2 + dx+ e R2 a = 0.04864± 0.00002

aR2 b = −0.00150± 0.00001

c = 0.27283± 0.00009

d = 0.00092± 0.00004

e = 1.00429± 0.00001

σ axb a = 0.3201± 0.0004

b = −0.460± 0.001

σ κ ax+ b R2 a = 1.090885± 0.000004

aR2 b = −0.010203± 0.00004

σ δ ax+ b/x+ c a = −0.008759± 0.000007

b = −0.0028864± 0.0000002

c = 0.017636± 0.000015

τ κ a (−bx) + c a = 0.1730± 0.0023

b = 1.2081± 0.0260

c = 1.4849± 0.0017

τ δ ax/(1 + x+ b) a = 0.4404± 0.0052

b = 1.5034± 0.0229

ŎŵŌ �àÛ¯ÖùïÉàÛ·ï



C A

σ
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