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1 Ú ó

Cc5, <�éþf�lfN�ïÄ®²�

�é��?Ð, X3���UNÔn�¸ [1], >f

í [2], -1�lfN [3], �D^�lfN [4,5] �

+�. glþf6NÄå (QHD) �.�*ÐA^

�k^|��¹ [6], ØÓ^�e�þflf(Å

Úþf'é���5A5��
�\�ïÄ. X

ÏLí�Ñþf Korteweg-de Vries-Burgers(KdVB)

�§, ¼�¤£�fÚÀÂÅ [7]; |^ Kadomstev-

Petviashvilli(KP)[8] Ú KPB[9] �§, ?Ø3�þ!

^�lfN¥�ÀÂÅ); ÏLò��5�§?

14�IC�, ��·>�ü4Úõ4µ^) [10];

^ Zakharov[11] Ú Zakharov-Kuznetsov[12] �§£ã

��5Å; ^�IC�Ú�z6Ä{, ��þ!^

�lfN¥���5) [13] �.

�©�Ä��¹klfÚ>f¿±¥f��

µ!��3�ÝÚ§ÝFÝ��þ!þf�lf

NXÚ, ?uþ!	^|¥. ·�|^ QHD �.,

¼�3 ∂x ≪ ∂z ≪ ∂y, lfÚ¥fm�-EªÇ

��, = dt ≫ νin ��¹e�����56NÄå

Æ�§. �
ïÄd�§�¤£�þflf(Å�

�5A5, ÄkÏLÃþjz¦�§�Ôn¿Â�

{². 2|^1Å{, ��
ÀÂ)Ú�¿). q^

#�C�{, &¢T�§#�^µ). �â��U

NÔn�¸e�;.ëþ, ©O?Ø�ÝFÝÚ§

ÝFÝéÀÂÅÚ�¿Å�K�, 9^µ·>³�

��©Ù.

2 ��56NÄåÆ�§

é?uþ!	^| B0, ¹klfÚ>f¿±

¥f��µ��þ!þf�lfNXÚ, � B0

3 z ��, �ÝÚ§Ý�FÝ3 x ��, >f�>

þ� e, >fÚlf��þ©O� m e Ú mi , À�

[ù~ê� kB, >f�¤�§Ý� TFe, ²ï�>

f�Ý ne0!lf�Ý ni0 Ú�lfN�Ý n0 ��

p'X� n e0 = ni0 = n0. �âlfÚÃ.5>f

�$Ä�§!Ñt�§ÚëY5�§, |^ QHD

�., 3 ∂x ≪ ∂z ≪ ∂y ��¹e, ²�©z [9] �

Ó�í�L§, (JuyT©z¥k' a �(Øk

Ø, ����5^6NÄåÆ�§�
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−∇φ), �f Â = dt+νin = ∂t+vi ·∇+νin, νin ´l

fÚ¥fm�-EªÇ, λFe =
√

kBTFe/4πe2n0 ´

>f�¤�Å�, H =
√

9~2/16mekBTFe ´þfë

þ, ρs =
√

kBTFe/miΩ2
ci ´3>f¤�§Ýelf

�.#��», Ωci = 2πfci = eB0/cmi ´lf£^

ªÇ, ¿� ∂t ≪ Ωci ^u$ªÅ, cs =
√

kBTFe/mi

´þflf(�, v∗ = (−2ckBTFe/3eB0)kn ´¤£

�Ý, kn = |dx lnn0| ´�ÝFÝ, D1 = D2(kn −

kTFe
), D2 = 3c/4B0, kTFe

= |dx lnTFe| ´§ÝF

Ý. du¤�§Ý TFe =
~

2

2mekB
(3π2)2/3ne0

2/3, Ï

d |kn| =
3

2
|kTFe

|.

�lfÚ¥fm�-EªÇ�$, = dt ≫ νin,

k Â = dt + νin ≈ dt, (1) ª{z�
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2
t ∂2
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−νinρ
2
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2
yφ +

3

2
v∗∂t∂yφ

−D1∂t∂yφ2 − c2
s∂

2
zφ = 0. (2)

�
¦�§ (2) �Ôn¿Â�{², Ú\e�

�Ãþjþ:

Φ =
eφ

kBTFe
, He =

H

ρs
, Λ =

λFe

ρs
, ν =

νin

Ωci
,

ȳ =
y

ρs
, z̄ =

z
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, t̄ = Ωcit, u = −

v∗
cs

, (3)

�§ (2) �8�z�

∂2
t Φ − g1∂
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2
t ∂2

yΦ − g3∂t∂
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yΦ

−g4∂
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zΦ − g5∂t∂yΦ − g6∂t∂yΦ2 = 0, (4)

Ù¥�ÃþjXê�
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g2 =
2

3

λ2
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s − H2

ρ2
s

=
2

3
(1 + Λ2 − H2

e ),

g3 =
2

3

νin

Ωci
=

2

3
ν, g4 =

2

3
,

g5 =
2ckBTFe

3eB0cs
kn = u,

g6 =
ckBTFe

2eB0cs
(kn − kTFe

) =
1

4
u. (5)
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 ï Ä þ f ë þ ¥ � � Ý ! § Ý Ú ¤ £ �

Ý, ±9�ÝFÝÚ§ÝFÝé>³�K�, ·

� À � � � � U N � ¸ � Ô n � µ. ¯ ¤ ±

�3¥f(Ú^(��í¥, �lfN��Ý

� n0 ∼ 1026—1029 cm−3, ^|rÝ� B0 ∼ 109—

1014 G(1 G=10−4 T), ùpé��lfN, ��

n0 = 1.2 × 1026 cm−3, B0 = 2 × 1012 G, (6)

éA�ëþ�

TFe = 1.03 × 107 K, ρs = 2.15 × 10−9 cm,

λFe = 2.02 × 10−9 cm, H = 6.95 × 10−10 cm,

fci = 1.52 × 1015 Hz, cs = 2.06 × 107 cm/s. (7)

� νin = 0.2πfci = 9.58 × 1014 Hz Ú v∗ =

−0.08cs = 1.65 × 106 cm/s �, �±��e�Ã

þj�ëþ:

He = 0.32, Λ = 0.94, ν = 0.1, u = 0.08,

g1 = 0.5, g2 = 1.18, g3 = 0.07,

g4 = 0.67, g5 = 0.08, g6 = 0.02. (8)

·�5¿�, �½ B0 = 2× 1012 G, � n0 3 1026—

1029 cm−3 ��SCz�, þfëþ He � n0 �O

�~�, ¿� 0 < He < 1, g2 > 0.

3 ¤£lf>³�ÀÂÅ!�¿ÅÚ

^µ(�

éu£ã�þ!þf�lfN���56N

ÄåÆ�§ (4), ·���§Xe�ÀÂ), �¿)

Ú^µ)©

3.1 ¤¤¤£££lllfff>>>³³³���ÀÀÀÂÂÂÚÚÚ���¿¿¿ÅÅÅ

Ä k é (4) ª � 1 Å C �, � Φ = Φ(ξ),

ξ = k1y + k2z − k3t, ùp k1 Ú k2 ´��5Å

ê, k3 ´Åª. �\�§ (4) �
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+(k2
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2 + g5k1k3)∂

2
ξΦ
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ξΦ + g3k
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1k3∂

3
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−g2k
2
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2
3∂

4
ξΦ = 0. (9)

��§ (9) �)�

Φ(ξ) = b0 + b1 tanh(ξ) + b2 tanh2(ξ)

+
b3

tanh(ξ)
+

b4

tanh2(ξ)
, (10)

Ù¥ bi (i = 0, 1, · · · , 4) ´�½~ê. ò (10)ª�\

�§ (9), � tanh(ξ) ��Ú§���ê��Xê�
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", ���|'u ki Ú bi ��½�§|, )���

e�ü|k¿Â�):
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2g3
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−100 g4g2
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2 + g3

2

2g3 (10 g2k1g6 − g1g3)
,

b1 =
12g2k1

2g3

10 g2k1g6 − g1g3
,

b2 =
6g2k1

2g3

10 g2k1g6 − g1g3
,

b3 = 0, b4 = 0, k3 =
g3

10g2
; (11)

b0 = −
12 k1

2g3
2g2 + 10 g5k1g3g2
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−100 g4g2
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Ù¥ k1 Ú k2 ´?¿~ê.
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Φ1 =
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2g2 + 10 g5k1g3g2

2g3 (g1g3 − 10 g2k1g6)

+
−100 g4g2

2k2
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−
12g2k1
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. (13)

ò (12)ª�\ (10)ª��¿)

Φ2 = −
12 k1

2g3
2g2 + 10 g5k1g3g2
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�â¤£�Ý��ÝFÝÚ§ÝFÝ�'X v∗ =

(−2ckBTFe/3eB0)kn, |kn| =
3
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|kTFe

|, ·�Ì�©Û

�Ý (þfëþ) Ú¤£�Ý (�ÝÚ§ÝFÝ) é

·>³�K�©�	X¥f(Ú^(�í¥�Ô

n�¸, ÀÂÅÚ�¿Å�·>³��ÝÚ¤£�

Ý�Cz©|^Ônëþ (6)—(8) ª, �ã 1—4,

§�©OÐ«
ÀÂÅÚ�¿Å�·>³��Ý

Ú¤£�Ý�Cz©dã 1 Úã 3 ��, ·>³ Φ1

�rÝÚ Φ2 �°Ý, Ñ��Ý�O� (=�þfë

þ H e �~�) O�, �dã 2 Úã 4 �wÑ, �

¤£�Ý�O� (=��ÝÚ§ÝFÝ�O�) 

~�; ����  ξ �O�, Φ1 Ú Φ2 þª�u½

�, =ªu½�G�©©z [9] ?Ø
k' Φ1 �

rÝ��ÝCz�ª³, ��©�(J�aq, �

vk�9 Φ1 �¤£�Ý�'X, �vkJ9�¿

Å, ±9 Φ2 ��Ý!�ÝÚ§ÝFÝ�'X©
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,	, 3) (11) Ú (12) ª¥, ÀÂÅÚ�¿Å

�Åª k3 ��, �ûu g2 Ú g3 , ��ÝFÝÚ§
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3.2 ¤¤¤£££lllfff>>>³³³���^̂̂µµµ(((���

·�$^e��C�{¦ (4) ª�#). �

Φ = Φ3 = f1F (ξ) + f2
∂F (ξ)

∂ξ

∂ξ

∂z
, (15)

Ù¥

∂2F (ξ)

∂ξ2
= −α2F (ξ), ξ = c1z, (16)

(16)ª�)�

F (ξ) = η1 sin (α ξ) + η2 cos (α ξ) ,

∂F (ξ)

∂ξ
= α (η1 cos (α ξ) − η2 sin (α ξ)) , (17)

þª¥� f1 Ú f2 ´ (y, t) ��½¼ê, α, η1, η2

´�½~ê. ò (15) ª�\ (4) ª, ¿�Ä� (16)

Ú (17)ª, ¦�

f1 = c2 ec3(g6t−g1y),

f2 = c4 ec5(g6t−g1y), (18)

Ù¥

c1 =

√

g4g6 (g6g2g2
1c

2
5 + g3g2

1c5 − g6 − g5g1)c5

g4α
,

c3 = c5, (19)

0 < g6g2g1
2c5

2 + g3g1
2c5 − g6 − g5g1. (20)

ò (17)Ú (18)ª�\ (15)ª, ½��§ (4) �)�

Φ3 = α (cos (α c1z) η1 − η2 sin (α c1z))

×c4c1 ec5(g6t−g1y)

+ (η1 sin (α c1z) + η2 cos (α c1z))

×c2 ec5(g6t−g1y), (21)

Ù¥ c1 d (19) ªû½, c5 É (20) ª��, c2,c4,

η1,η2 Ú α �?¿~ê©� Y = g6t−g1y, � c5 > 0

�, � Y 6 0; � c5 < 0 �, � Y > 0©±¥f(Ú

^(��í�¸�Ôn�µ, r (8) ª�Ônëþ

�\ (20) ª, �±½� c5 > 2 ½ c5 < −4.6©XJ

©O� c5 = −5(Y > 0), Ú c5 = 3.02 (Y 6 0), K

·>³ Φ3 � Y Ú z �CzXã 5 ¤«©��>³

���©Ù, 3 Y ��¥yP~ª³, ÙCz�Ý

d g6 û½, �ûu�ÝFÝÚ§ÝFÝ���, ¿

�ªªu½�G�; 3	\^|�� (z ��),

>³¥±Ï5�Cz, Ñy½�^µ6©
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ã 5 (21)ª·>³ Φ3 �^µ©Ù (éA�ëþ�� g1 = 0.5,

g2 = 1.15, g3 = 0.075, g4 = 0.67, g5 = 0.08, g6 = 0.02,

c2 = 18, c4 = 20, η1 = 0, η2 = 10, c5 = −5 (Y > 0),

Ú c5 = 3.02 (Y 6 0))

4 ( Ø

¼�
äk§ÝÚ�ÝFÝ��þ!þf�

lfNXÚ, 3lf�¥f-EªÇ�$�¹e�

����56NÄåÆ�§, ¦)
TXÚ>³�

ÀÂ!�¿Ú^µ)©±¥f(Ú^(��í�
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¸�Ôn�µ, |^ (6)—(8)ª�ëþ, ©Û
>³

�ÀÂÅ�ÌÝÚ�¿Å�°Ý�Cz, (JL²

üöÑ��Ý�O� (=�þfëþ H e �~�)

O�, �¤£�Ý�O� (=��ÝÚ§ÝFÝ

�O�) ~�; ·>³���� �O�ª�

u½�, XÚ����½�G�©éu^µ(

��·>³, 3 Y ��¥yP~ª³, ¿�ª�

½�G�; 3	\^|�� (z ��) ´±Ï5�,

¥y½�^µ6©ù
(Jéu?�ÚïÄ�

3wÍ�þf�A, ��ÝÚ§ÝFÝØ�"��

�Ôn�¸, äk�½�ë�d�©éu dt ≪ νin

��¹, ò,©?Ø©

�öa�þ°�Ï�ÆÔnX�¢Ü�Ú/¡ýP�

���.
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Nonlinear waves in an inhomogeneous quantum
plasma∗
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Abstract

For an inhomogeneous quantum magnetoplasma system with density and temperature gradients, a two-dimensional nonlinear

fluid dynamic equation is derived in the case where the collision frequency between ions and neutrals is minor. The shock,explosion

and vortex solutions of the potential for this system are obtained. The changes of the potential in the dense astrophysical environment

are discussed. It is shown that the strength of the shock and the width of the explosion are both enhanced with the density increasing

(equivalently, the normalized quantum parameter decreasing), but with the drift velocity decreasing (equivalently,the density and

temperature gradients decreasing); the potential always tends to a stable value with the spatiotemporal phase increasing, and the system

approaches finally to a stable state. Besides, the temporal and spatial distributions of the vortex potential display a stable and period

vortex street.
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PACS: 02.90.+p, 52.35.Mw, 52.35.Fp

* Project supported by the Natural Science Foundation of Jiangxi Provence, China (Grant Nos. 2009GZW0026, 2008GZS0045), and the National

Natural Science Foundation of China (Grant No. 10905038).

† E-mail: sryangjr@163.com

020206-6


