55 6 2006 6
1000-3290/2006/55 06 /3175-05

ACTA PHYSICA SINICA

Vol.55 No.6 June 2006

(©2006 Chin. Phys. Soc.

*
Lorenz
12 237 3 1
1 730000 225002
2 100029
3 100081
2005 12 27 2006 1 14
Lorenz
Strange Nonchaotic Attractor SNA
SNA
Lorenz Rayleigh
Lorenz
PACC 9260X
SNA . SNA
1. SNA
SNA
" SNA
5 .Kaneko  Nishikawa *’
. Choe !
Lorenz SNA Heagy °
SNA
. Park ® Lai '
Lorenz SNA
SNA
Pasad ’ SNA
Strange Nonchaotic Attractor SNA SNA
Lyapunov Grebogi Wang "
SNA 20
SNA
i 1963 Lorenz
* 40325015 2006CB400503

t . E-mail feng_ gl @sina. com



55

3176
Lorenz
12 13—16
SNA
Stranger Attractor SNA
2. Lorenz
Lorenz 7
Xy z
dx
o = - ox + oy + Acos v0,
Qd% = -y - xz
% = xy — bz
6n+1 = 6n + w 1
cr b Prantl Rayleigh
10.0 28.0
8/3. 4 v Y
8—11 V5112
Lorenz
7 r 24.74
3.
v =2m. 1
- 0.01. -
Acos v0, . 1 a Lyapunov
A
A
Ay = 18.9999895 Lorenz Lyapunov
SNA . Lorenz
XY 1b

F
Pikovsky "*  Lai v . le
0.0 0.05
-0.05 -0.000001 0.05 -0.05
X X, - X,
1 c 8 x 10*
X
S
Q
1d
S
Q
1d e 1d
1
e 8 x 10"
-0.000001 0.05 -0.05
1 f
X
Y Z
2 1 Gl
SNA Lorenz
Lyapunov
G2
A



Lorenz

L5

[ (a)
L2t e
0.9
< 0.6
0.3
0.0
-0.3¢ . . . )
0 10 20 30 40
A
40
©
b
L
>
-40 1 L )
0 50000 100000 150000
N
27. 2082
27. 2076
27. 2070
217. 2064
9.57
1 a Lyapunov A A
X X - X,
8x 10* f 3
(a)
21 [ = Gl .\
/ I
< Y/ FAVER
A=19. 75275 /
19 k ' y .
G2
18 H
0 20 40 60 80 100
v/2m
2

B
(@
< 0
-10
-20
0 25000 50000 75000 100000
N
301 ¢3)
25 F
—n— x
—*— ¥
N 20 | —e— Z
<
b
15
10 | __..—._...-._.._--—-""' -
. l S ..,,_gl- o -ql—a—t—-*—v—*I-y_.,,_,,_*__*l
20 40 60 80 100
A
b XY c
d Lorenz X
300
®
-
G1 -
=
200 | e
./
e
~ e
/
O 1 1 1
70 140 210
r
aAd v bA r



3178 55
v A A] =
19.75275
2 a Rayleigh  r
2b A
Rayleigh
4 . Pecora o
Lorenz
SNA SNA Lyapnov
Lyapunov SNA
SNA
SNA.
SNA
8
Lorenz X
Y VA
1 Choe Chol-Ung Hohne Klaus Benner Hartmut Kivshar Yuri S. 12 Wang X G Zhan M Lai Choy-Heng Lai Y C 2004 Phys. Rev.
2005 Phys. Rev. E 72 036206 Leit . 92 074102
2 Park Eun-Hyoung Zaks Michael A  Kurths Jiirgen 1999 Phys. 13 Feng GL Dai XG Wang A H Chou J F 2001 Acta Phys. Sin.
Rev. E 60 6627 50 30 in Chinese 2001
3 Grebogi E Ott C Pelikan S Yorke J A 1984 Phsica D 13 261 50 30
4 Kaneko K 1984 Prog. Theor. Phys. 71 1112 14 Feng GL Dong W J 2003 Acta Phys. Sin. 522347 in Chinese
5 Nishikawa T Kaneko K 1996 Phys. Rev. E 54 6114 2003 52 2347
6 Heagy J F Hammel S M 1994 Physica D 70 140 15 Hou W Feng GL Dong W J 2005 Acta Phys. Sin. 54 3940 in
7 Yalcinkaya T Lai Y C 1996 Phys. Rev. Lett. 77 5039 Chinese 2005 54 3940
8 Ramaswamy Ramakrishna 1997 Phys. Rev. E 56 7294 16 HeWP Feng GL LiJP2006 Acta Phys. Sin. 55 in press in
9 Prasad Awadhesh Mehra Vishal Ramaswamy Ramakrishna 1997 Chinese 2006 55
Phys. Rev. Lett. 79 4127 17 Lorenz E N 1963 J. Atmos. Sci. 20 130
10 Vadivasova T E Sosnovtseva O V. Balanov A G Astakhov V V 18  Pikovsky A S Feudel U 1995 Chaos 5 253
2000 Phys. Rev. E 61 4618 19  Lai Y C 1996 Phys. Rev. E 53 57
11 Prasad Awadhesh Biswal Bibudhananda Ramaswamy Ramakrishna 20 Pecora LM Carroll T L 1990 Phys. Rev. Leit. 64 821
2003 Phys. Rev. E 68 037201 21 Pecora LM Carroll T L 1991 Phys. Rev. A 44 2374



6 Lorenz 3179

Dynamics of the Lorenz system under quasiperiodic driving ™

He Wen-Ping' > Feng Guo-Lin® * © Gao Xin-Quan®  Chou Ji-Fan'
1 Department of Atmospheric Sciences Lanzhou University —Lanzhou 730000 Department of
Physics  Yangzhou University ~ Yangzhou 225002  China
2 Key Laboratory of Regional Climate- Environment for Temperate East Asia
Institute of Atmospheric Physics ~ Chinese Academy of Sciences  Beijing 100029  China
3 Laboratory for Climate Studies of China Meteorological Administration ~ National Climate Center — Beijing 100081  China
Received 27 December 2005  revised manuscript received 14 January 2006

Abstract
We have investigated the dynamics of the Lorenz system under quasiperiodic driving. When the forcing amplitude is
increased to certain critical value the dynamics changes fundamentally. Therefore a new mechanism for the creation of the strange
nonchaotic attractor is advanced in this paper. When the forcing amplitude is increased the strange attractor is replaced by a
strange nonchaotic attractor eventually the phase space is suppressed into an invariant quasiperiodic torus. Numerical results
show that the critical amplitude of the force is roughly proportional to the Rayleigh parameter but slightly influenced by its

frequency .
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