54 8 2005 8 Vol.54 No.8 August 2005
1000-3290/2005/54 08 /3508-08 ACTA PHYSICA SINICA (©2005 Chin. Phys. Soc.

Chebyshev van der Pol

%
12 % 1 1 1
! 710072
2 750021
2004 10 15 2005 2 28
Chebyshev van der Pol
van der Pol
van der Pol
Chebyshev
Chebyshev van der Pol
PACC 0547
¥+ ax’* = b x+ x = Fcoswt 1
1.
1 12
Monte Carlo ! 1 .
2 B 16 17
van der Pol
34 Li°
van der Pol
. van der Pol
Fang Chebyshev
van der Pol w
Duffing
7—9
2. Chebyshev
van der Pol Hermite
° Legendre

* 10472091 10332030

"E-mail mashaojuan @ mail . nwpu. edu. cn



8 Chebyshev van der Pol 3509
- ® +1
19
-1 +1
2 p u 6
U uw U u Chebyshev
u fu
u pu 1
u 18 ®
P fu = ZciUl u
2 V1-uw lul<l =0
u = 2
0 lul> 1.

S
q
u
1 u
Chebyshev
n/2 n k

— Al _ kot ="r n-2k

U u = L 1 Y 2u .

k=0

U u =1
U u =2u

Uy u =4u -1
Uy u =8u’ —4u

U, v = 16u* - 124% + 1

Chebyshev
ul, u :% U_, v + U, u
Chebyshev
jil%ma W U, u du =[(]) i;j

3

fu
3. van der Pol Chebyshev
van
der Pol
¥+ ax’k— bi + x = Fcoswt 7
b a Fcos wt
a
a =5+ du 8
b o a u
-11
6
N
xt u = Zx,; t U u 9
i=0
U u i Chebyshev N

1
it:quxtuUiudu.
1

x
8 9 7
> N

(% b% I)in t U u

10 (Z)xiinu)3



3510

(Nt 0w )
1=0

=xg t Uy u + +ay t U u
+3xg t x, ¢t Uy u U u +
+3x% t ay, t Uy u Uy, u

+6x0tx1tx2tUouU1uU2u+

+6xy, t xyg L oay t Uy, u Uy, u Uy u .

11
Chebyshev 5
11
Chebyshev
U u
Uy u = U, u
3U; w U u =3U, u
3U? u U2 u =3U4 u +6U2+3U0 u
12
U u X, ¢ 11
l 3
(in t U u )
=0
:X() t U() u + +Xs\" 13 U\ u
N
=2Xi t U, u . 13
=0
X, t 1=012 N
Maple Chebyshev
5 13 10
.
u@(le t U u )
=0
N
:5‘(u X, t U u )
i=0
1 N
=502 Xt Uy u + Uy u
i1=0
1. <
:38 Xt +X,t U u . 14
i=0
9 X—I X'\+]
13 14 10
&£, d ) S
(dtz bdt+l x t U u

54
NEIEN
+—0 —2 Xt +X,t U u = Fcoswt.
6 dr =
15
15 U u i=0123
4 u Chebyshev
d d 1-d
(y ba+1)x(,l +?baxot
+%5(%X1 t = Fcoswt
2
ERTIINT
+%8%X0t +X, 1 =0
d’ d 1-d
(W bdt”)x” MR
L 16
+€55X,t+X3t =0
d’ d 1-d
(@—bdt+l)x3 I3 +?bEX3 t
+%5% Xt + X0t =0
d d 1-d
(@—b5+l)x4t + 30 Xt
+%3%X3t+xst =0
Chebyshev
u van der Pol
.9 N— o
N
intUlu X lou
i=0
N 9
N=4
16 x t 1=01
234 van der Pol
4
xtu:intU;u. 17
i=0
u:() a=F
N
xt0 :le t U 0
=0
=xo | — Xy & + X4 L . 18

van der Pol



Chebyshev van der Pol 3511
! 4T 8T 7T
EFxitu = x, t E U u = x5t
=0 14T
19 van der Pol w
van der Pol
van der Pol
b=5b=1.5 6=
van der Pol 0.01 F=1.1 w 0.279—0.2727
¥+ b +0u k- bi+x = Feoswt. 20 2 . 0=0.279
0=0 20
¥+ ba*x— b+ x = Fcoswt. 21 2T 2 a
17 — 19 w=0.2727 2T
x tu x t 0 4T
E xt u 21 2 b 2
x 1 Runge-Kutta
w 0.279 0.2727
van der Pol
2T 4T .
x t0 b=5b=506=0.01 F
X 1 van der Pol =5 w 2.457  2.4595
E x tu 16 4
x0 = % 0 x, 0T 2
y O = ..x() 0 ..764 0 T.
van der Pol 21 N 0
=20 y,=x 0 . 0 .
van der Pol 21 4 @
-2 -1 (I) 1 ’2
Xo = Xy 0 x
Yo = Xo 0 4
% 0 =x,0 =0 1=1234.
2
x0 =1.80000"
0
y0 =250000" N
X =1.8 "
Yo =2.5.
20 4 ®
van der Pol
-2 -1 0 1 2
X
van der Pol 2 b=5=15686=001 F=1.1. a
16 2T AT 2T @=0.279 b 4T w =0.2727



3512 54
3 w =2.457 w =2.4595 4T
4T 3 a 8T 3b
10 10
5 5
N -~
0 0
(a) (b)
_5 1 L L _5 1 L
-2 -1 0 1 2 -2 -1 0 1 2
X X
. 3 b=0=5.006=0.01 F=5.0. a AT w=2.457 b 8T w =2.4595
b=5b=2.156 6 =
0.01 F=10 w 3.63 14T 4 b
3.62 4 w=3.63 4
van der Pol
T 4 7T 14T.
a w=3.62 7T
4 4T
0
0 o)
-4
-4
(a)
1 1 1 _8 1 1 Il
-2 -1 0 1 2 -2 0 2
X X
. 4 b=b=2.156 §=0.01 F=10. a 7T @=3.63 b 14T w=3.62
5.
1T 2T


Absent Image
File: 0

Absent Image
File: 0


8 Chebyshev van der Pol 3513
2T 4T 5c¢ w =3.6283
4 w€ 3.62 3.63 14T 5d
7T 14T
b=b=2.156 § = w
0.01 F=10 . w=3.62
4 b .
4 . 5
w =3.6287 van der Pol
5a 4 T Poincaré
5b van der Pol
14T
A — W bkwI a2l + Ttk R .
+
+
+
O L
A 0F BN
_2 L N
_4 L *
(@) (b
L L _4 L
-2 -1 0 1 2 -3 -2 -1 0 1 2 3
X X
“““ T 5 P Y
4 4 | — AT //
A 0 ~ 0
4} -4
-2 -1 0 1 2 -2 -1 0 1 2
x x
. a w=3.6287 b w=3.6287 Poincaré ¢ w=
3.6287 147 d w=3.6283 14T


Absent Image
File: 0


3514

54

der Pol 1T 2T T
14T

10

van der Pol

van

van der Pol

Shinozuka M 1988 J. Eng. Mech. 114 1335
Liu W K Besterfied G H Belytschko P 1988 J. Eng. Mech. 114
2115
Spanos P D Ghanem R G 1989 J. Eng. Mech. Dive ASCE 115
1035
Jensen H Iwan W D 1992 J. Eng. Mech. 118 1012
Li J 1996 Acta Mech . Sin. 28 66 in Chinese 1996
28 66
Fang T Leng X L Song C Q 2003 J. Sound Vib. 226 198
Gong PL XuJ X Sun Z C 2001 Acta Phys. Sin. 50 841 in

Chinese 2001 50 841

Luo XS Chen GR Wang B H e al 2003 Acta Phys. Sin. 52790
in Chinese 2003 52

790

Xu W He Q Rong HW et al 2003 Acta Phys. Sin. 52 1365 in

Chinese 2003 52 1365

van der Pol B 1927 Phil. Mag. 7-3 65

14
15
16

17
18

19

20

Qin GR Gong D C and Li R et al 1989 Phys. Lett. A 141 412
Holmes P J Rand D A 1978 Quart. Appl. Math . 35 495

Holmes P J 1983  Nonlinear Oscillators
New York

Guckenheimer ]
Dynamical System and Bifurcation of Vector Fields

Spring-Verlag

Grasman J Nijmeijer H Veling E J M 1984 Physica D 13 195

Flahery ] E  Hoppensteadt ¥ C 1978 Stud . Appl. Math. 58 5

Mettin R Parlitz U Lauterborn W 1993 Ini. J. Bifurc. Chaos 36
1529

Xu J X Jiang J 1996 Chaos Solitons Fract. T 3

Borwein P Erdeélyi T 1995 Polynomials and Polynomials Inequality
New York Springer

Liu S K Liu S D 1988 Special Function

Press  in Chinese 1988

Beijing  Meteorology

HuHY 1994 J. Vib. Eng. 7 S26



8 Chebyshev van der Pol 3515

Period-doubling bifurcation analysis of stochastic van der Pol
system via Chebyshev polynomial approximation™

Ma Shao-Juan' 27 Xu Wei'  Li Wei'  Jin Yan-Fei'

' Department of Applied Mathematics ~ Northwestern Polytechnical University ~Xi’an 710072  China

2 Department of Information and Computation Sciences Second Northwest University for Nationalities Yinchuan 750021 China

Received 15 October 2004  revised manuscript received 28 February 2005

Abstract
Chebyshev polynomial approximation is applied to the period-doubling bifurcation problem of a stochastic van der Pol system
with bounded random parameters and subjected to harmonic excitations. Firstly the stochastic system is reduced to its equivalent
deterministic one through which the response of the stochastic system can be obtained by numerical methods. Nonlinear
dynamical behavior related to various forms of stochastic period-doubling bifurcation in the stochastic system is explored.
Numerical simulations show that similar to their counterpart in deterministic nonlinear system various forms of period-doubling
bifurcation may occur in the stochastic van der Pol system but with some modified features. Numerical results also show that

Chebyshev polynomial approximation can provide an effective approach to dynamical problems in stochastic nonlinear systems.
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