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Abstract: This article described the complex fluid and the field constraints with gravita-

tional effects. The asymptotic solution determines the dissipative equilibrium vector field

of the coupled convection disturbance kinetic equations. For the analysis of the canonical

and singular perturbation problems we analyze the micro-phenomena of the laboratory

and macro-phenomena of nature. Our approach is to use the complex Fourier harmonic

analysis, re-scale, and the introduction of new parameters to reduce the three-dimensional

coupling dynamic equations into a one-dimensional complex space of boundary-layer.

Two examples for the problem of the perturbation characteristic function were given with

asymptotic analysis. Example 2 explains the turning point of the transition that from the

index oscillation solution to the algebraic solution.
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0 Ú ó

@318­VÐ�, {.19ÙÓ1Ò@£�, 3^|¥$Ä��N½6Nò²ÉX��
>Ä³��^. XJ$ÄX��N½6N´�N�{, @oò3�NS/¤��>£´, 3
ù�£´Sòk>66Ä; ½ö�N�	.Ô�/¤��>£´, 
3�NS��3>66
Ä. ù�, >6Ú^|mÒ�3p��^, =^|¦$Ä��N�)aA>6; ��aA>6
��)aA^|
K��5�	\^|.

Ïd, ÃØ�©�>0�Ð©G�XÛ, ��k	\^|±9$Ä��N, Ò3�NS
�3±eü�Ä��A: �´�aA>6��)�aA^|7òé�©	\^|�)��
6Ä; �´>6�É6Ä�^|�m�p�^�)>^å, ù��^å7òé�©�$Ä�
)6Ä. �$Ä��N´�N�, ±þü«�A�)´�N´���, ù´>^ÆïÄ�S
N. �$Ä��N´ÍÜ6|�, ¯KÒ��E,
. AO/, ïÄ6|3�å|¥$Ä5Æ
�Æ��¡��ÍÜÄåÆ. Ïd, l��þ`ÍÜÄåÆÒ´ïÄÍÜ�Ý|Ú�å|�
m�p�^���Æ�.

P~²ï�þ|ÍÜÄåÆ�	3�å|�^e�$Ä5Æ, �=�	�å|XÛK
�XÍÜ$Ä, ��ÍÜ$Äq´XÛ/K�X�å|. Ïd, 7L�	ÍÜ$Ä��Ý|
Ú0�SÜ��å|. 
¢�¿S��*�g,.¥÷*y�q�·�JÑ$^EÜºÝ
�{?1©Û¦)��¦. �©ò��E,�n��åÍÜÄåÆ�§=z¤E�mp�
��>.�¯K, ¿?1
ìC�Ä©Û.

1 ¯K�Lã

Äk�Ä�´{ü��.�|¤���Ã�²¡6Ä���½�}�²ï�þ|

B0 = exB0x(y) + ezB0z(y), V0 = exV0x(y) + ezV0z(y).

É��­å\�Ýeyg��y ¶���. b�²ï�Ý|V0²1u�å|B0, ²ï�Ýρ b½
�3y ¶þUC. ·�@�{|5��å|�§éuØ�Ø �²ï�Ý|, kÚ��{|
ÇÚ��)R�©þ�-E��Ü©Ê5Üþ. d�å|ÚÉ­åK��é66ÄÍÜ

¤�P~²ï�þ|ÄåÆ�§d±eo��§[1,2,3]|¤.

∇× ρ
(∂V

∂t
+ V · ∇V

)
= ∇×

[1
c

(
j × B

)
+ ρg + µ⊥∇2V

]
, (1)

∂B

∂t
= ∇×

(
V × B

)
+

η

4π
∇2B, (2)

∂ρ

∂t
+ ∇

(
ρV

)
= 0, (3)

∇ · B = ∇ · V = 0. (4)

Ù¥, (1) ª�ÄþÅð�§, (2) ª�*Ñ�§, (3) ª�ëY5�§, (4) ªK�N�å|�
Ã
|Ú�å|�Ø�Ø 5(¢S�.#N���Ø C/). 6Ä��Ý|,²ï�å�
þ|Ú�Ý�Ä²ïþÚ�Äþ, V = V0 + V1, B = B0 + B1, ρ = ρ0 + ρ1, Ù¥V1, B1, ρ1�
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�Äþ. d2Â Maxwell �§, ·�kj = c
4π × B, u´

1
c
5×

(
j × B

)
=

1
c
5×

( c

4π
× B

)
× B =

1
4π

5×
[(

B · 5
)
B − 1

2
5 B2

]
=

1
4π

5×(B · 5)B.

Äþ�§�±��

5× ρ
(∂V

∂t
+ V · 5V

)
= 5×

[ 1
4π

(
B · 5

)
B + ρg + µ⊥ 52 V

]
. (5)

�5z[1], éòÈÄþ�§(5)A^�fey · 5× ���ü�ÍÜ�§, £ã
y©
þ����ÝVy1Ú²ï�å|By1. �¤k���Äþ=z��üXFp�NÚ¼
êexp[i(kxx + kzz) + ωt], Ù¥k = (kx, 0, kz)´Y²ÅÄ�þ, 
ω´O�Ç, Klª(5)�
�

ey · ∇ ×∇× ρ0

( ∂

∂t
V1 + V0 · ∇V1 + V1 · ∇V0

)
= ey ·

{ 1
4π

∇×∇×
[(

B0 · ∇
)
B1 +

(
B1 · ∇

)
B0

]
+ ∇×∇×

(
ρg + µ⊥∇2V1

)}
. (6)

y3©Oéª(6)�XeNÚ©Û. �§�>��{z�

ey · ∇ ×∇× ρ0
∂

∂t
V1 = w[k2ρ0Vy1 − (ρ0V

′
y1)

′],

ey · ∇ ×∇× ρ0(V0 · ∇)V1 = i[k2ρ0(k · V0)Vy1 − (ρ0(k · V0))′V ′
y1 − ρ0(k · V0)V ′′

y1],

ey · ∇ ×∇× ρ0(V1 · ∇)V0 = i[(k · V0)′′ρ0Vy1 + (k · V0)′(ρ0Vy1)′].

ù´3yþ��©, 
�§m>��{z�

ey · ∇ ×∇× (B0 · ∇)B1 = i[k2(k · B0)By1 − (k · B0)′B′
y1 − (k · B0)B′′

y1],

ey · ∇ ×∇× (B1 · ∇)B0 = i[(k · B0)′′By1 + (k · B0)′B′
y1],

ey∇×∇× ρ1g = k2ρ1g,

ey · ∇ ×∇× µ⊥∇2(V1) = −µ⊥(∇2)2Vy1 = µ⊥

( ∂2

∂y2
− k2

)
Vy1.

éu�Ý�Äþρ1, ·��±A^(3)ª�5zρ1[ω + i(k · V0)] + ρ′0Vy1 = 0��

k2ρ1g = −k2g
ρ′0Vy1

ω + i(k · V0)
.

�â^6ÄåÆ;[ Furth, Killeen Ú Rosenbluth(1963)��{[4,5], ·�y3¢1IOþj
CþXe:

ψ =
By1

B
, W = −ikτRVy1, F =

(k · B0)
kB

, α = ka,

P = ωτR, S =
τR

τH
, ρ =

ρ0

〈ρ〉
, k2 = k2

x + k2
z , y = aµ,

R∗ = τRkVa(y), G = −g
ρ′0
ρ0

τ2
H , N∗ = 4πµ⊥

η
.
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ùp, τR = 4πa2/η, τH = a
√

4πρ/B´>.��{|Ú�å6NÄåÆ��mºÝ, S´[X
ìê, 〈ρ〉ÚB´�ÝþÚ�å|rÝ, a´6��A�þj. 3{|�*Ñ�mºÝþ, FL«
�å|�ü ºÝ, R∗L«6|�ü ºÝ.

�mºÝτR ÚτH �âØÓ¯K¬k�A�Cz. ~X, 3(N�SÜ�τR ∼ 109

c, 3��çf¥�τR ∼ 50 c; 
3Á�¿p9�fØ�A�KÜ�lfN¥�τR ∼
10 Ms. ±9;.�¥5��äk104�����þ, �Ý��10 mHÚ10−6 T�^|, �mº
Ý�τH ∼ 107c; ,
3Á�¿p9�fØ�A�KÜ�lfN¥τH ∼ 10−6 s. |*Ñ�^
6NÄåÆ��mºÝ�'´�~��. [XìêS ��éuÁ�¿p9�fØ�A�KÜ
�lfNÄ�3103 ∼ 107 �m. 3UNÔnÆ�A^¥A�þja´�~��, SÓ�/�
uy´����êi. p�[Xìê�¿ÂÒ´é{|*ÑK���, 3>.�	­��å
|�@�´��éÐ�%C. dù
Cþ�,l(6)ª�>k

ey · ∇ ×∇× ρ0

( ∂

∂t
V1 + V0 · ∇V1 + V1 · ∇V0

)
= ω[k2ρ0Vy1 − (ρ0V

′
y1)

′] + i[k2ρ0(k · V0)Vy1 − ρ0(k · V0)V ′′
y1 + (k · V0)′′ρ0Vy1]

= [ω + i(k · V0)][k2ρ0Vy1 − (ρ0V
′
y1)

′] + i[ρ0(k · V0)′]′Vy1

=
1

ikτ2
R

[ωτR + iτR(k · V0)]
[α2

a2
ρ0Vy1 −

a2

a2
(ρ0V

′
y1)

′
]
ikτR +

ikτRVy1

kτ2
R

[ρ0(k · V0)′]′τR

=
1

ika2τ2
R

[P + iR∗][−α2ρ0W + (ρ0W
′)′] + i

W

ikτ2
Ra2

[ρ0(R∗)′]′

=
1

ika2τ2
R

{
[P + iR∗][(ρ0W

′)′ − α2ρ0W ] + i[ρ0(R∗)′]′W
}
.

þ¡´éµ��©. Ó�l(6)ªm>k

ey ·
{ 1

4π
∇×∇× [(B0 · ∇)B1 + (B1 · ∇)B0] + ∇×∇× (ρg + µ⊥∇2V1)

}
=

i

4π
[k2(k · B0)B′′

y1 − (k · B0
′′)By1 + (k · B0)′′By1] + k2ρ1g + −µ⊥

( ∂2

∂y2
− k2

)
Vy1

=
i(k · B0)

4π

[
k2By1 − B′′

y1 +
(k · B0)′′

(k · B0)
By1

]
+ k2ρ1g + −µ⊥

a4

( ∂2

∂µ2
− α2

)W

/ − ikτR

= i
1

ka2τ2
R

{[
ψ′′ − ψ

(
α +

F ′′

F

)]
α2S2F +

α2S2GW

P + iR∗ + N∗
( ∂2

∂µ2
− α2

)2

W
}

.

d(6)ª�mü>���

1
ika2τ2

R

{
[P + iR∗][(ρ0W

′)′ − α2ρ0W ] + i[ρ0(R∗)′]′W
}

=
1

ika2τ2
R

{[
ψ′′ − ψ

(
α +

F ′′

F

)]
α2S2F +

α2S2GW

P + iR∗ + N∗
( ∂2

∂µ2
− α2

)2

W
}

.

¤±Äþ�§��C�

[P + iR∗][(ρ0W
′)′ − α2ρ0W ] + i[ρ0(R∗)′]′W

=
[
ψ′′ − ψ

(
α +

F ′′

F

)]
α2S2F +

α2S2GW

P + iR∗ + N∗
( d2

dµ2
− α2

)2

W. (7)
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Ó�, é*Ñ�§ª(2)�5z¿�y©þ��

wBy1 = i(k · B0)Vy1 − i(k · V0)By1 +
η

4π
∇2By1. (8)

ÏLþjzª(2)�±z�

(P + iR∗)ψ + FW = ψ′′ − α2ψ. (9)

2 õ|ÍÜ¥6Ä¯K�>.�){�~f

õ|ÍÜ¥6Ä¯K�>.�)�±©�>.�S)Ú	)¯K2�Ü©[6].

Uìc¡�©Û, �Sé��, é{|*ÑK���, >.�	­��å|�@�´�
�éÐ�%C. é�§(7)ü>Ø±S2, �G¿©��, d 1

S2 → 0�±��	)¯K��©�
§ψ′′ − ψ(α + F ′′

F ) = 0. éd�§·��±|^~5©Û�{��ìC). -F = th µK

F ′ = (th µ)′ =
(eµ − e−µ

eµ + e−µ

)′
=

(eµ + e−µ)2 − (eµ − e−µ)2

(eµ + e−µ)2
= 1 − th2 µ = sech2 µ,

F ′′ = (sech2 µ)′ = 2(sech µ)′sech µ = −2
sh µ

ch2 µ

1
chµ

= −2thµ sech2 µ.

��§C�ψ′′ − ψ(α − 2sech2 µ) = 0. -ψ = e−αµf(µ), Kk

ψ′ = −αe−αµf(µ) + e−αµf ′(µ),

ψ′′ = α2e−αµf(µ) − 2αe−αµf ′(µ) + e−αµf ′′(µ).

K��§C�e−αµ[f ′′(µ) − 2αf ′(µ) + 2sech2 µ f(µ)] = 0. -f = F + g(µ),

⇒ f ′ = sech2 µ + g′, f ′′ = −2thµ sech2 µ + g′′,

⇒ g′′ − 2α(sech2 µ + g′) + 2(sech2 µ)g = 0.

²w/, g = α´�§���). òÙ�\k

ψ =

{
e−αµ(F + α), µ > 0
eαµ(−F + α), µ < 0

}
= e−α|µ|(|F | + α),

ψ′ =

{
−αe−αµ(F + α) + e−αµ(1 − F 2), µ > 0,

αeαµ(−F + α) + e−αµ(−1 + F 2), µ < 0.

¤±k	)�S)3":�m���a�^�.

ψ′(0+) = −α2 + 1, ψ′(0−) = α2 − 1,

∆′
ext =

ψ′(0+) − ψ′(0−)
ψ(0)

=
−2α2 + 2

α
= 2

( 1
α
− α

)
.

�O�>.��S), ©z[1-3]éMHD�§?1�5Cz, ÏLFá�NÚ©ÛÚºÝ
Cz, ¿Ú?#�ëê, ò��E,�n�ÍÜÄåÆ�§=z¤E�mp���>.�¯
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K����©�§[7,8].

(P + iRθ)
d2H

dθ2
− θ2H +

G

(F ′)2
H − iR

P + iRθ
− N

d4H

dθ4
= Pθ − F ′′

∆F ′ , (10)

∆′ = ∆
∫∞

−∞
(P + θH)dθ. (11)

Ù¥, A�� P �Eê, A�¼ê H �E¼ê, R ��C6A�ëê, G �­åëê, N �Ê
Ýëê. ª(10)¥(P + iRθ)d2H

dθ2 �.5�, θ2H + Pθ − F ′′

∆F ′ �	�­�, G
(F ′)2

H−iR
P+iRθ �Úå

�, N d4H
dθ4 �Ê5�.

>.��S)�A�¼êìC6Ä�{Xe. é>.��§(10)?1H(θ)�Fá�C
�, ½Âh(k) =

∫∞
−∞ H(θ)e−ikθdθ, ò�Ôn|�§=C�Fá��mS�©�fA�¼ê

ìC¦)¯K. -ε = 1
R , �±��Ê5e��ª��©�f[8,9]

Lh = h′′ +
1
ε
(k2h)′ − (k2P + k4N)h

Ún��©�f(��±��Ê5e�G�ª�f)

Mh =
(1

ε

d
dk

− P
)
Lh − G

(F ′)2
h

= −2π
[ G

ε(F ′)2
i − PF ′′

∆F ′

]
δ(k) − 2π

[
iP 2 +

PF ′′

∆F ′

]
δ′(k) + 2πiP

1
ε
δ′′(k).

e¡?ØA�¼êìC6Ä¯K.

εh′′ + (k2h)′ − εPk2h = 0, ε → 0,

− k0 < k 6 0, h′′ − Pk2h = 0 ⇒ h1 ∼ k− 1
2 e±

1
2 P

1
2 k2

,

− k < k0 < 0, h′′ + R(k2h)′ = 0 ⇒ h2 ∼ e−
1
3ε k3

, k → −∞.

éu−k0 < k 6 0, ·��±�Ñ6|�. �éu��k, K´6|�åÌ��^. ¤±
�k → −∞�, �±�ÑP.5�.

)�=z´l�ê��)��ê)�LÞ, Ï��R6|�Cq/²ïP.5�. =∣∣∣1
ε
k2h′

∣∣∣ ≈ ∣∣Pk2h
∣∣.

Ï�3�Ä«�kh′ ≈ kP 1/2h, ¤±k
∣∣∣1
ε
k3
0P

1/2h
∣∣∣ ≈ ∣∣Pk2

0h
∣∣. �±�Ñl�ê��)��ê

)�LÞ�=:k0 ≈ ε
∣∣P ∣∣ 1

2 .

Ïd, � 0 6 χ 6 π, éuMh = 0,−∞ < k < 0, 0 < k < +∞, �±�âRe(P ), εÚN��
rA�¼ê8�4«/�.

(1) �N = 0,Re(P ) > 0�,

h(k) ∼

{
e−

1
3ε k3

, k → +∞,

k−2eεPk, k → −∞.
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(2) �N = 0,Re(P ) < 0, ε → 0�,

h(k) ∼

{
e−

1
3ε k3

, k → +∞,

k−2, k → −∞.

(3) �N = 0,Re(P ) < 0�,

h(k) ∼


e−

1
3ε k3

, k → +∞,

k− 1
2 e±

1
2 P

1
2 k2

, −k0 < k 6 0,

k−2, k.

(4) �N 6= 0�,

h(k) ∼


exp

{
−

[1
ε

+
√

ε2 + 4N
]
k3/6

}
, k → +∞,

exp
{
−

[1
ε
−
√

ε2 + 4N
]
k3/6

}
, k → −∞.

3ª(4)¥, du·�Ú\
ÊÝN�K�, h(k)�(��)\�P~�Cz.
k'>.�S)�	)���>.^�(11), ·�ò3ØãÍÜÄåÆ�§��5A�

�¯K�Ø©¥0�.
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