
Ô n Æ � Acta Phys. Sin. Vol. 61, No. 13 (2012) 130506
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±V�ÍÜE7[� - K� (Ginzburg-Landau) �§XÚ����., ïÄ
Ù¥��Ú^Å, ?Ø
ù«AÏ
ÅÄy��½^�Ú�'K�Ï�. �Ú^Å�Ta��XÚ¥~���Ú^Å�', Ù¥%Ø�3"�:, Ó
�=3ÙCþ��ÌÜ© (�� Ü©) Ly�Ú^(�. �©ÏLê��{ïÄ
ÍÜE7[� - K��§¥
�)�Ú^Å¤I��Ð©Úëê^�. ïÄL², �V�ÍÜXÚ�Ð©�ã�m��å���, âU
�)�
Ú^Å; Ó�*	�XÚ3ëêØ���^�e¬u)�Ú^Å��Ú^Å�=C. ÏLéÓÚ¼ê�O�, uy
T=CL§äk�ëY5.

'�c: Ú^Å, E7[� - K��§, �Ú^Å

PACS: 05.45.−a, 82.40.Ck, 47.54.−r

1 Ú ó

Ú^Å´�«�3u����XÚ¥�±Ï
5�ã, ~�uzÆ�AXÚ [1]!1ÆXÚ [2]!
6NXÚ [3] ±9)ÔXÚ [4] ¥. duÙäk2
��A^då, ®²É�
¯õïÄ+N�ÀÚ
ïÄ [5−14]. �C, k©z��
V�ÍÜE7[
� - K��§ (complex Ginzburg-Landau equation,
CGLE) XÚ¥Ñy��a#L�Ú^Å [15]. ù
«Ú^Å��� CGLE XÚ¥~���Ú^Åk
é�«O. Äk, �Ú^Å�¥%�"�: (defect
point), 3T �XÚECþ��Ì�"; �Ú^
Å�¥%Ø�3üÕ�"�:, 3V�ÍÜXÚ¥
�Ú^Å�éA��Ú^Å�^Ó��"�:. Ù
g, �Ú^Å¥XÚCþ�� Ü©Ly�Ú^Å
(�, 3�Ú^Å¥� Ü©äk�é¡5, 
=3XÚCþ��ÌÜ©Ly�Ú^Å(�. �
�, �Ú^Å�±3�þ�����XÚ¥üÕ
gu�3, �Ú^Å7L3�Ú^Å�°Äe
âU
½�3, 8c=uy�3u���é¡
ÍÜXÚ¥. du�Ú^Åäk±þ#L5�, é

Ù?�Ú?1ïÄék7�. Ó�, ·��uy, ù
«�ÌÅÄ1�Ø==Ñyu��XÚ¥, >.°
Äe��� CGLE ¥, ��±*	�aq�1�,
>.?�Å�±3A½^�e�)�ÌÅÄy
� [16]. ù`², XÚCþ��ÌÅÄy�äkÊ
H5, Ø==�3u����XÚ¥, k�U´g
,.¥��«ÊHy�. ÍÜ����XÚ�ü�
XÚ�', �±�°(/£ã�A*ÑXÚ�S3
Ån, Ó��±�xØÓ�ª�m�¿�1�, ´
d��XÚ�n���XÚ�LÞ�., l�
�Cu¢SXÚ, äk�p�A^ïÄd�, Ïd
V�ÍÜXÚ¥Ú^Å��p�^®¤�nØÚ
¢�ïÄ���9: [17−22]. d	, CGLE (complex
Ginzburg-Landau Equation, CGLE) ´�����
�5 �©�§, äk2�¿ÂÚ´LSº, 36
NÄåÆ!-1Ôn!zÆÄåÆ�g,�Æ¥
Ók�/ . CGLE XÚ8c®´ïÄ���
�0������., §£ã
�A*ÑXÚ
3 Hopf ©
:NC�Ê·1�, äk4�´L�
ÄåÆ1� [23−28]. �©ò±V�ÍÜ CGLE XÚ
��., ?ØØÓÐ©^�é�Ú^Å½5�K
�, ¿ÁãuyXÚ3ëêØ���^�e�)�
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Ú^Å�5Æ.

2 ÍÜ CGLE ¥��Ú^Å

�Ä±eV�ÍÜ CGLE �. [15,29,30],

∂tA1,2 = A1,2 + (1 + iαi)∇2A1,2

− (1 + iβi) |A1,2|2 A1,2

+ ε1,2 (A2,1 − A1,2) , (1)

Ù¥ A1,2 ´XÚCþ, �Eê. α1,2, β1,2 �XÚë
ê, Ñ´¢ê. ε1,2 L«V�XÚ¥ü�fXÚ�

m��"ÍÜrÝ. ���m�, ∇2 =
∂2

∂x2
+

∂2

∂y2
.

�ÄXÚ��3�� L × L ���/�mS, Ù
¥ L �XÚº�, ¿æ^Ã6>.^� (no flux
boundary condition). Ø���5, 3�©�ïÄ¥
�Ä ε1 = 0, ε2 6= 0 (XÃAO(², �©¥�ëê
ÚCþþ�?¿ü , eÓ), KÍÜXÚ (1) �±
w¤´d°ÄXÚ 1 Ú�AXÚ 2 |¤. Ó�, �

�Bé'Ð©�ã��O, 3±e�ïÄ¥°Ä
Ú�AXÚ�Ð©�ãþæ^ü�Ú^Å. 3÷v
�½�ëê^��, �AXÚ¥�±�)�Ú^Å,

ã 1 �Ú^Å��)L§ XÚëê α1 = α2 = −1.34,
β1 = β2 = 0.35, Í Ü r Ý ε1 = 0, ε2 = 0.08, X Ú º
� L = 256. ã¥¤«��AXÚ�üz�¹, Cþ��Ì
Ü© (�� Ü©) �)
Ú^(�. XÚ�m©O� (a)
t = 0; (b) t = 100; (c) t = 200; (d) t = 300; (e) t = 400; (f)
t = 500

Xã 1 ¤«. lã�±wÑ, �X�m�üz, �

AXÚ¥ü�Ú^Å�"�:�°l¥% �, $
Ä�>.��, XÚ�m¥y������Ú^
Å. ù«�Ú^Å� CGLE XÚ¥~���Ú^Å
�', Ù¥%Ø�3ÿÀ"�, Ó�ÙCþ�ÌÜ
© (�� Ü©) Ly�Ú^(� [15].

3 Ð©^��K�

�
��Ù/Ð«V�ÍÜXÚ�Ð©�
ãé�Ú^Å½5�K��^, �©æ^"
�:3XÚ¥% ��ü�Ú^Å��°ÄX
ÚÐ©^�, "�: l¥% ��ü�Ú^Å
���AXÚÐ©^�, ¿éÍÜXÚ�§ (1)
?1ê��[. Äk�½ü�fXÚëê�Ó,
� α1 = α2 = −1.34, β1 = β2 = 0.35, ÍÜrÝ
ØÓ, ©O� ε1 = 0, ε2 = 0.08. �±*	��°Ä
Ú�AXÚ�Ð©�ã�¥%Ø3Ó� ��, �
AXÚCþ��ÌÜ©u)��y�, �)
½
��Ú^Å, Xã 2 ¤«. Ù¥°ÄXÚ^J�L
«, �AXÚ^¢�L«. �9L«XÚCþ�¢
Ü Re(A1,2), m9L«�A�� |A1,2|.

?�Ú�ê��[¢�L², 3XÚëêØC
�cJe, �ÍÜXÚÐ©�ã�¥%���C�,
°ÄÚ�AXÚ¬����ÓÚ, ù`²Ð©^�
éu�Ú^Å��)äk�5. �e5, ·�ò
°ÄXÚ�Ð©�ã�½���?uXÚ�m¥
%�Ú^Å, N��AXÚ�Ð©Ú^Å �, ¿
òü�Ú^Å¥%�m�ål (e©¥¡�Ú^Å
ål) ����ëê, 5ïÄ�Ú^Å�½5. l
ã 3(a) Ú 3(b) �ê�¢�(J�±wÑ:Ú^Åå
l���, �AXÚüz��°ÄXÚ���Ó�
�Ú^Å; �Ú^Åål���, �AXÚ�m¥
Ñy
�Ú^Å. �
½þ*	ù«y�, �©Ú
\e¡� δ ¼ê5L�V�ÍÜXÚ�ÓÚ§Ý,

δ = lim
T→∞

1
T

1
L2

∫ T

0

dt

∫ L

0

dx

∫ L

0

|A2 − A1| dy.

(2)

lT¼ê�½Âª�±wÑ, �°ÄXÚ A1 ��
AXÚ A2 ��ÓÚ�, δ ¼ê���Cu"; 
�V�XÚ���ÓÚ�, δ ¼ê�±���ê�.
ã 3(c) xÑ
 δ ¼ê�Ú^Åål d �Cz�¹.
·�uy, �XÚ^Åål�O\, �AXÚ�ü
z(Jl�Ú^ÅC��Ú^Å. dã 3(c) ·��
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ã 2 °ÄÚ�AXÚCþ�¢ÜÚ�Ì��m�üzXÚ ëê α1 = α2 = −1.34, β1 = β2 = 0.35, ÍÜr
Ý ε1 = 0, ε2 = 0.08. J�L«°ÄXÚ, ¢�L«�AXÚ

ã 3 Ú^Åål d éÍÜXÚüz(J�K� XÚë
ê α1 = α2 = −1.34, β1 = β2 = 0.35, ÍÜrÝ ε1 = 0,
ε2 = 0.08. �AXÚ |A2| �üz(J (a) d = 6, (b) d = 8, (c) δ

¼ê�Ú^Åål d �Cz�¹

*	�, �Ð©^���ëêªL�.� dc ≈ 7
�, δ ¼ê�âC1�`²3T?u)
�Cy

�, L²�Ú^ÅÚ�Ú^Å�1�äk���
�É5.

4 XÚëê�K�

�Ú^Å��)�½Ø��V�ÍÜXÚ
�Ð©^�k', ��¬É�XÚëê�K�.
Ø���5, 3e¡�ïÄ¥°ÄXÚëê�½
� α1 = −1.34, β1 = 0.35, ·�ÏLN��AXÚ
ëê5*	ÍÜXÚ�ã�üz�¹. 3c�!�
ïÄ¥, ·�uy3°Ä��AXÚäk�Óëê
�^�e, �k�V�ÍÜXÚ�Ð©�ãk��
��O� (=Ú^Åål d > dc ≈ 7), �AXÚâ
k�UÑy�Ú^Å. ù�·���éu: ´Ä�
k�°ÄXÚ��AXÚk�½�É�, â�UÑ
y�Ú^Å? 3�!�ïÄ¥, ·�ÀJ
Ú^Å
ål d = 0 ����ëê^5�ØÐ©^���
É5, =ÏLÚ\ØÓ��AXÚëê5*	�Ú
^Å�½55�y·��ß�. 3Xã 4(a) ¤«
��/¥, �AXÚëê α2 = −1.10, �°ÄXÚ
��Aëê α1 = −1.34 �', �O��, K�AX

130506-3



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 13 (2012) 130506

Ú��ªüz(J´�Ú^Å. 3Xã 4(b) ¤«
��/¥, �AXÚëê α2 = −1.02, �°ÄXÚ
� α1 = −1.34 �'�O��, K�AXÚ��ª
üz(J´�Ú^Å. ù�¢�(J`²·��ß
�´�(�: =¦V�ÍÜXÚ�Ð©�ã�Ó,
�XÚëê�3�O�, 3�AXÚ¥��±*
	��Ú^Å. �©�XO�
V�ÍÜXÚ�Ó
Ú¼ê δ �XÚëê α2 �Cz�¹, Xã 4(c) ¤
«. dã�±wÑ, � α2 = α1 �ÓÚ¼ê δ = 0,
`²d�°ÄXÚÚ�AXÚ��
��ÓÚ, ü
�XÚþLy��Ú^Å. � α2 6= α1 �, ÓÚ
¼ê δ l"m©ÅìO�, `²V�ÍÜ�ã�
ÓÚ5�É�
K�, �´3ëê�OØ��^�
e�AXÚE,Ly��Ú^Å. ��5¿�´,
� α2 ≈ −1.02 �, ÓÚ¼ê δ ��u)
�C, �
AXÚ��ãl�Ú^Åâ,=C��Ú^Å. Ó
Ú¼êCz��ëY5, `²3ëê α2 ��. 
�XÚu)
�Cy�.

ã 4 XÚëêéÍÜXÚüz(J�K� °ÄXÚë
ê α1 = −1.34, β1 = 0.35, �AXÚëê β2 = 0.35, ÍÜr
Ý� ε1 = 0, ε2 = 0.08. �AXÚ��Ì (a) α2 = −1.10; (b)
α2 = −1.02; (c) δ ¼ê�ëê α2 �Cz�¹

�
(@ù«�.âCy��ÊH5, ·�
�Ä3ØÓ�XÚëê^�eéÓÚ¼ê δ ?
1O�. ã 5(a) ¥xÑ
°ÄXÚ�ëê©O
� α1 = −1.04, −1.09, −1.34 ±9 −1.44 �, Ó
Ú¼ê δ � α2 �Cz�¹. lã¥�±wÑ, �
°ÄXÚëêØÓ�, �AXÚëê���ÓÚ 
� (=ã¥Ñy δ = 0 � �) ÚÑy�Ú^Å�
�.� �Ó�u)
Cz, �´ÓÚ¼ê δ � α2

�Czª³vku)Cz, Ly�ØÓ°ÄXÚë
ê^�eÓÚ¼ê��Çvk�É. 3ã 5(b) ¥x
Ñ
°ÄXÚ�ëê β1 ©O� 0.25, 0.30, 0.35 ±
9 0.40 �, ÓÚ¼ê δ � α2 �Cz�¹. ·�5¿
�, °ÄXÚëê β1 u)Cz�, ¿ØK� α2 �
ÓÚ � (δ = 0 � �), �´Ñy�Ú^Å��
.�k��UC, Ó�ÓÚ¼ê��Ç�kØÓ.

ã 5 ÓÚ¼ê δ �XÚëê α2 �Cz ÍÜrÝ ε1 = 0,
ε2 = 0.08, (a) β1 = β2 = 0.35, α2 = −1.34, ëê α1 ©
O� −1.044, −1.09, −1.34, −1.44; (b) α1 = α2 = −1.34,
β2 = 0.35, ëê β1 ©O� 0.25, 0.30, 0.35, 0.40

5 ( Ø

�©±V�ÍÜ CGLE XÚ��., ïÄ
Ù
¥��Ú^Å (amplitude spiral wave) y�, uy�
°ÄXÚÚ�AXÚ�Ð©^�½ëêØÓ�þ
U
�)�Ú^Å. �©ÏLê�¢�o(Ñ±e
(Ø: (1) �°ÄXÚÚ�AXÚ�Ð©�ãþ�
ü�Ú^Å�,Ú^Åål d ´������ë
ê. � d ���, L²°ÄXÚÚ�AXÚ�Ð©
^�k����O, 3d^�e�AXÚ¥Cþ�
�ÌÜ©�±ÑyÚ^(�, �)�Ú^Å. (2) �
©�ïÄ
ÍÜXÚ3ëêØ���^�edÓ
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Ú�Ú^Å��ÓÚ�Ú^Å�=CL§, uy�
XÚëêk���O��Ú^ÅâUÑy. ÏLé
ÓÚ¼ê�½ÂÚO�, ��T=CL§��
½
þA�, uyÍÜXÚl�Ú^Å��Ú^Å�=
CL§äk�ëY5. �Ú^Å´�C����
«#LÚ^�ã, 8c=ÑyuÍÜ��XÚ¥.
�~���Ú^Å�', �Ú^Åg�Øäk¥%
"�:, 3V�ÍÜXÚ¥�Ú^Å�éA��Ú
^Å�^Ó��"�:. �Ú^Å7L3éA�

�Ú^Å°ÄeâU
½�3, 8c=uyu�
��é¡ÍÜXÚ¥. �dÓ�, 3>.É���
� CGLE XÚ¥�uy
aq��ÌÅÄ1�, Ï
ù«y�äk�½�ÊH5. �©éù«#LÅ
Ä1�?1
�þ�¢�*	Ú©Û, ?Ø
Ð©
^�ÚXÚëêé�Ú^Å½5�K�, �ù«
y�30�5�!&ÒDÂ�+��A^Jø#
�SN, äk��nØïÄ¿Â.
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Abstract
A novel amplitude spiral wave in coupled complex Ginzburg-Landau equation (CGLE) system is proposed. The stability con-

ditions and the relevant factors are investigated via numerical simulations. On the tip of an amplitude spiral wave there exist no
topological defect, which is different from the commonly observed phase spiral wave, and in its amplitude part (instead of phase part)
there is a spiral structure. In this research, the stability of amplitude spiral wave is studied by considering the different initial patterns
in the case of the system parameter mismatches.

Keywords: spiral wave, complex Ginzburg-Landau equation, amplitude spiral wave
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