58 22009 2
1000-3290/2009/58 02 /0824-06 ACTA PHYSICA SINICA

Vol.58 No.2 February 2009
(©2009 Chin. Phys. Soc.

Mathieu-Duffing

1 710072

2 528000
2008 5 30 2008 8 19

Mathieu-Duffing

Mathieu-Duffing
PACC 0547 0545

7

1. Pol-Duffing

89

Mathieu-Duffing

Mathieu-Duffing

.Hu  Wang' Sturm
Liao °
Hopf Hopf-Hopf
34
van der Pol-
Duffing
Hu '5° )
6
Duffing
* 10872165

T .E-mail weixu@ nwpu. edu. cn

:.)é

t

van der

10—12

13 14

Mathieu-Duffing

Mathieu-Duffing

+ ePx

I+ wox t



2 Mathieu-Duffing 825
+ex ¢ heos Qt + yw ¢+ eax’ i + 3aA’A — udexp — iwyT
=e ux L -7 +vx -7 1 — iwyvAexp — iwyr = 0. 8
ex1
<8 o winner yw T, = lw T, =7yw T,
a>0 u v Ve
w t winner hcos ot + yw ¢ A
h 0 AT =a T expip T 9
Y : 1 9 8 7 =0T,
Mathieu-Duffing 7w T, -2¢ T,
1
;. _Ba_ ha ua.
1 @' == = g, 3, S @ T
x Ty T, =20 Ty T, +ex; Ty T, 2 v
T0=t T, = et +?COS Wy T
D, =2/oT, D, =2/aT, ;o ha 3aa”  ua
af’ =oa -5 “cosy — + —Cos wyT
d Wo Wo @Wq
de = Dy + €Dy + + vasin wor + a¥w' T, 10
2
% = D2 +2eD,D, + 3 1
) 3 1 . x = 2a et cos(gt—ﬂ%)+oe 11
a 7 10
Dyxy + wyxg = 0 4
D(z)xl + UJ%xl 3.
=-2DyD %y — BDy o
— hcos Qt + yw t x — ax, 7=0 10
+uxy Ty -7 Ty +wDowg Ty —¢ Ty . 5 @ =Bk G e
2 4w, 2w, 0
1 0
va
~2w, o =2w, + + 5 08 wyT
o QT,=2w, Ty + o7, . / ha ed’ 12
4 ay’ =oa — 2w0c0s77 "
Yo o= ATy exp iy Ty + co 6 + —C0s wyT + vasin w,T
cc . 6 @o
QT =2w, T, + oT, a=0 7 =0
Dix, + wox,
2
=~ iwpdexp iwp Ty — ifwpAexp iwy Ty (- - s e |
Wo
- %Aexp 3iwg Ty + 16T, +1yw T, ( 30a> w
+|o - + —C0S wyT
hA Wy Wy
- 5 exp 1wy Ty + 16T, + 17w T, 2 R
_ + vsin w,T ) a’ = az . 13
— aA’exp 3iw, Ty - 3aA’Aexp iw, T, 4wy
+ udexp — iwyt exp 1wy T a=0 13 . a
+ ivwyAexp — iwyT exp iwy Ty + cc. 7 13
7
A 94° 6ac, 2 2 h’
2iwg A’ + ifwyA + %exp iocT, +iyw T, w—ga4 = o : (ﬁc t O 4l = 0 14




826 58

/36=,8+w£0sin Wy T — VCOS wyT Ge=6+wl;) 13
Co0s wyT + vsin wyT .
14
2 6
| Raot— D 20 2% g 13
4&)0 [ON) o
T =0 . B=0.5
2 6 _ _ _ _ _
23i+03—4hiz=0 Zde>0 13 wy=1.0 a=0.07 h=1.0 u=0.5 v=-0.1
@o 0 T 3 3.5, 13
1 c a
2
3 ﬁ§+a§-h—2>o bag. 13 A Ay Ay A, o
4Cl)() Wy
o o
0] 2 h2 6a0e 9(12 h2 2 ¢
4 ﬂc+o'c—4? >0 @, >0 7 ;(2)_4/39 > AsALA AL A, A, o, a Ay
0 0
0 13 A 72
2 6 2 h2
5ﬁﬁ+aﬁ—%>0 “e 50 9%(—2—4,6%):
Wy Wo [ON 0
0 13
2 6 2 h2 . 1 a b
6 ﬁimi-%m %% 50 9%(*2—453) <
[Oh) [0 [ON) 0
0 13
2 2 h2
7B a0 221 ag) 5o
an wy \ Wo
3.5} 3.5r &
251 2.5}
N N
L5F L5}
0.5} 0.5'_)1511
-0.5 S -0.5 P T S
-1 0 1 2 3 -1 0 1 2 3
Lo o2
1 B=0.5 wp=1.0 a=0.07 h=1.0 u=0.5 v=-0.1 y=0— - L
.at=3 b =35
12 B+ Lin woT — vcos wyT > 0
Jacobi @o
hsiny 3 haa? 3aaé( 3aa;  ucos w,T
2 o 0 SQo(
AT - 2w, A - 2w, costo = 0. 15 wWo 7 wo * N +veos oyt | < 0.
Routh-Hurwitz 16

70 10



Mathieu-Duffing 827

@ =ay+a N =N+ 17
o 7o 12 a, T dEa; =- haycosgy Ea, 7,
.17 10 a7 2o
dEn; hsin 12aa _
ItO d]‘:‘{l = — (1)0770 Eﬁ% - (;jo OEal 771 + 72
ha07]1
da, =- 4oy cosnod T, dEa, 7, _ 6aa0E 2 _ hao En?
AT T7 wy TN T 4,
6 h . _
dpg, =\ - ;Uaaoal + ZTUUqlsmqo) dT, + Ydw. 18 hsin?]oE »
2w, a;n; -
18
a, 22 Routh-Hurwitz
Ea] = E?]l =0 19 )
3
72( 3aa§) B. >0 28 - saaé(ae - —Z‘)"‘)) >0. 23
w o, —
E . o o 0
a) = - 24af. 7=0 Y #0
- . 13 17 19
E771 :27/3e Ea, mo= 0. 20 FEa = a,
it =0 =0 b o (/T
_ 3aag R ba
wyY |0, — 7 2 2 2 2
. _
<0pB.=0. 21 7 m)
24af3, + BB, . 24

NG NQ
S ]
0.5 L . 1 1 . -0.5 L . n
0 o1 op] 1 2 3 -0.5 o1 0.5 O3 1.5 2.5
[on (o
2 B=0.5 wg=1.0 a=0.07 h=1.0 u=0.5 v=-0.1 y=0.1 — - *H%
.at=3 b r=3.5
24 y=0.1
Ed? T T
a a
2 Y 7=0
y winner Gauss

T Runge-Kutta



828 58
. 1 2.
B=05¢e=0.1 wy=1 «=0.07 u=
0.5v=-0.1 h=1.0 =3 06=1.0.
Mathieu-
Duffing
1 HuHY WangZ H 1998 Int. J. Sound Vib. 214 213 Chinese 2005 54
2 Liao X F Chen G R 2001 Int. J. Bifurcat. Chaos 11 2105 3508
3 XuJ YuP2004 Int. J. Bifurcat. Chaos 14 2777 10 RongHW Wang XD XuW Meng G Fang T 2005 Acta Phys .
4 XuJ Chung K W 2003 Phys. D 180 17 Sin . 54 2557 in Chinese
5 HuHY Dowell EH Virgin L N 1998 Nonlinear Dynam . 15 311 2005 54 2557
6 Hu H Y 1997 Journal of Vibration Engineering 10 273 in Chinese 11 Tei YM Xu W 2007 Acta Phys. Sin. 56 5103 in Chinese
1997 10 273 2007 56 5103
7 Qian C Z Tang J S 2006 Acta Phys. Sin. 55 617 in Chinese 12 SunZK XuW Yang X L 2006 Journal of Vibration Engineering
2006 55 617 19 57 in Chinese 2006
8 JnYF XuW MaS]J Li W2005 Acta Phys. Sin. 543480 in 19 57
Chinese 2005 54 13 Lwo A CJ2004 Int. J. Sound Vib. 473 653
3480 14 RongHW XuW Wang XD Meng G Fang T 2003 Int. J.
9 MaSJ XuW LiW JinY F2005 Acta Phys. Sin. 543508 in Non-Linear Mech . 38 609



2 Mathieu-Duffing 829

Response to bounded noise excitation of stochastic
Mathieu-Duffing system with time delay state feedback”™

Xing Zhen-Ci' ~ Xu Wei' ©  Rong Hai-Wu?>  Wang Bao-Yan'
1 Department of Applied Mathematics ~ Northwestern Polytechnical University Xi' an 710072  China
2 Department of Mathematics ~ Foshan University ~ Foshan 528000 China
Received 30 May 2008 revised manuscript received 19 August 2008

Abstract
We investigate the principal parametric resonance of Mathieu-Duffing Equation under a narrow-band random excitation with
time delay feedback. The method of multiple scales is used to determine the equations of modulation of amplitude and phase. The
bifurcation of the system is discussed. We find that the bifurcation can be influenced by the detuning parameter time delay and
the intensity of the non-linear term and an appropriate choice of these parameters can change the response of bifurcation. In
addition the stability of nontrivial solution is studied. The nontrivial solution of necessary and sufficient condition for stability is
obtained. Moreover we find that when the bandwidth of the random excitation is smaller the multi-solution phenomenon still

exists and bifurcation and jumping phenomenon will occur. Theoretical analysis is verified by numerical results.
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