Chinese Physical Society
ME#E Acta Physica Sinica .

€D Institute of Physics, CAS

B ARG R IRMIEX RN RS P IR IR R
MER M=%

Vibrational resonance in an asymmetric bistable system with time-delay feedback
Yang Xiu-Ni Yang Yun-Feng
5| {5 & Citation: Acta Physica Sinica, 64, 070507 (2015) DOI: 10.7498/aps.64.070507

1E £ 1515 View online:  http://dx.doi.org/10.7498/aps.64.070507
AP %% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2015/V64/17

AT RE R B B L&
Articles you may be interested in

SNt s L A e B R AR R G AL FRIR R W AL

Magnetic force of piezoelectric cantilever energy harvesting system with an externally applied magnetic
field based on magnetizing current method

VP22 4%.2015, 64(6): 060502  http://dx.doi.org/10.7498/aps.64.060502

R I ) = ST Boost Ty 2 R Bk 1E AR e 4 18 RUE 73 20 73

Analysis on the slow-scale bifurcation behaviors of one-cycle-controlled three-level Boost power factor
correction converter

YH % 4.2015, 64(4): 040502  http://dx.doi.org/10.7498/aps.64.040502

— Rl it () P A Lorenz R Guidid fx HL v
An improved high performance Lorenz system and its application
PP 22 4%.2015, 64(2): 020501  http://dx.doi.org/10.7498/aps.64.020501

o R E W FE IR B A E XS BR X BEH LI IR BL S
Stochastic resonance of asymmetric bistable system with o stable noise
YE = 4.2015, 64(2): 020502  http://dx.doi.org/10.7498/aps.64.020502

Jhkr e 2 4 1 U482 3 LR 3K BIFRED A8 e 38 1R 3 ) 22 @i 5 2 AT A

Dynamical modeling and multi-periodic behavior analysis on pulse train controlled DCM-DCM BIFRED
converter

PP 2#4%.2015, 64(1): 010501  http://dx.doi.org/10.7498/aps.64.010501


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.64.070507
http://dx.doi.org/10.7498/aps.64.070507
http://wulixb.iphy.ac.cn/CN/Y2015/V64/I7
http://wulixb.iphy.ac.cn/CN/abstract/abstract63603.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract63603.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract63603.shtml
http://dx.doi.org/10.7498/aps.64.060502
http://wulixb.iphy.ac.cn/CN/abstract/abstract63275.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract63275.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract63275.shtml
http://dx.doi.org/10.7498/aps.64.040502
http://wulixb.iphy.ac.cn/CN/abstract/abstract62667.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract62667.shtml
http://dx.doi.org/10.7498/aps.64.020501
http://wulixb.iphy.ac.cn/CN/abstract/abstract62640.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract62640.shtml
http://dx.doi.org/10.7498/aps.64.020502
http://wulixb.iphy.ac.cn/CN/abstract/abstract62390.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract62390.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract62390.shtml
http://dx.doi.org/10.7498/aps.64.010501

38 % 4R Acta Phys. Sin.

Vol. 64, No. 7 (2015) 070507

BB R IRRIERS TR ER R G B IRED

HiRR
BHE T

(PU RO AR, P9

710054)

(2014 4£ 10 A 16 HYKE]; 20154 1 A 7 HIKEMESH)

BRI T AT R TR O0URS RGE P MR BN SRR 7 AT LA PR, 7 P A8 F ) B a1
B R SRR IR 3578 Q, S0 T HE WS 5 o MR RTFR S8 r AR BV IRBL R IR, 45 220 75
Q-0 VA k., o T A5 S W MBI LU 5005 SRS 5 R I L. R0 Bk B3O R B3
BB MR, (R AR BRI (. 1E Q-B (B RIS BHRIE) F & b, R RN G By Bi% o
SHUFHOR I I R, BRI 5 BRSO BEE B ARSI B 0. 15 Q-0 (0 MHS SHK) TA
E, B SRR, X BN, 7E 2 M/MEX A, Q I £ EIREIR, £ 0 HKEKE, Qi

TREMH.

KBRIE: W, AR TR R G, HREILIR
PACS: 05.45.—a, 05.90.+m

15 =

AR, LM RGP RS LR IM G 51 1
JZ IR, IRENILHR R 4R AR LM R G AE m S
5 ARG T R, e SRS S AR AL
0 R B N 3 A0S 5 M A B v A 5 AR
A A I AR L G & (28 RO B TE). R
FeHR € 5 i Landa f1 McClintock AR #& £ 45
B U Gitterman B35 AL P4 H TR
2 F R A 5% IR B R B B i A 5% SR BT AR
LT RS IIRAAAE. RBILIR S BEALILRAE®
BN, I DX 9 BR BN JJ AN, PREN IR IR B 1
EAUE T, BEVLILIR RSN T e . BT S
SRMER, JEEME TS B, RNILIRAEY)
M TR, RS REA T N, H
i, VF2 223 INBRG, B0E ASRI6 7 T — 2o R 2k
PEZN 1% R G I IRBD LRI R AT T HEE. B
n, W &g 1278 2R A% 01 Duffing & 1

DOTI: 10.7498/aps.64.070507

A 2V HROTIRT RG 05 NIRDTRT &
g1 18] WMk s 1) R g0 102 LR 4 122
S AN, IRBIFEIR I S AR A B AR A AT, 7).
v i AR T HAA R 2 25+, B
g TN EL S B H AR Y 2 RGRRE. £E
RZMEIE T, BBt T8 R G iz A Kn
Wi, Ref, {5 B IR Y T 1A), PR 0 A PR 4k
B, A PR RIS ), 242808 S5 55 B e A8 7R R
LM RGETIERIRZHBAIR. Gl Ik
AL T A E O H R B IR O ) A 4 2] 2
S5 BRI, IR R B AL AR B A AT NN 4R, R
o W TR T BB BN, e S e N 2
EEAL W T VERE AL T AR S FERE A WA R G
PR ILHR, KB T 2 BRI R, wi B Mg A 53 7] BA
RS 5 AR A S 5 A A B 2T2s]
Jo, BN HR Bl LR B T OGVE. IR X 43 3L
MZ LRGP ZRAG P SRR R4 P
FitzHugh Nagumo & 4t (14§ 2h JL 4R 1 5 g 52 &5

* HRERRIEEA (S 71103143) MBI AR AT R BRI H (it S 2013KIXX-40) % B,

T EEVE#E. BE-mail: yang2014xian@126.com
© 2015 FEYIEFS Chinese Physical Society

http://wulizb.iphy.ac.cn

070507-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.64.070507
http://wulixb.iphy.ac.cn

Y18 Z R  Acta Phys. Sin.

Vol. 64, No. 7 (2015) 070507

RETAECEE T, RE2H 2 IR K.
SR, AELAS 73 A 1) 2 X C A 95 45 SR AR 2 5 T HuE
B LAt b5 B, BT, STRIR [33] IR A R
Rt 7t 1 B A B 5 B Duffing 98 - H 9%
BILHR. AE X B F ek B X AR BE. AT
H, AR FRABEE BRI AAAE, RERAR
PRVEXS B GE 0 8 J) A s A 5e i, ] B 3R
ZHBHBLR. Bln: 15 A FREE PR & 4t
Hh ASKERRPE AT DL ORL 7 A F Bk B, i BEL LR
FLF AC 5Bk s B AR BR 1 £ 38 o mT LA 55 4k
RGN BENLILRE B 515 AN 7 34 o B AN X B it
BHJE XA R G RS LRI R 2t 7t %
BHERA V(@) = —(1/2)az? + (1/4)52* — 121,
V(z) = 4(z — 2%) + APT RV (2) = (1/2)wia? +
(1/3)ax® + (1/4) B BT BRI, B X AS 0o Bk A Rt
ARG IR ILIRICBA ARG IR FE. i T A%
PRIER A 2 S BR G A BRI, 2R
AR FEE M g /MBI ST B, DR S IS Y7 0 AN S PR R 2R
Girh IR IR FE AR IR R

FT UL R, AR DASCHR (6] R A SN FE A,
W AL I S A 5 NAZAETY, BIFFT T I 0 SRR AR
ARG RSN ILARI R LRI, N7
BB AR B ) TTE, 153 T AR RGP RS
FEAR A o S R AR B0 b Rk L IR PR A Rk =
T8 77 IS ARAN AR A X ) 7 A7 2 P S M

2 Rk

R SCHIE AT ALY 2 RIS 5 A cos(wt) AT
BUE S B cos(£2t) WU i F A I il S AR R AR IR
R4, Higgh i

% =2(t —a) — 2® —r + Acos(wt)
+ Bcos(2t), (1)

Horb o HIEIBWSE], r NAXNIRZE. Acos(wt) A
RHUE S, ANMIE S IRIE, w NS S K50
#. Bcos(t) NEHUE T, B NREPUE T RIE, 2
HNFEIE SR, HiHE A <102 > w.

FEANZE JESE IR FIE 5B 1 00 R, B 07 F%
(1) ATHIZ AR G 00T 7€ PR3 BR BN

2 2t

V(z) = Y + vy +rz, (2)
V(x) R DA P, EREREV (2) =

0, 7E 0 < r < 2/3/9 AI3 RGE M AT MA—

MAFEE,
Ty = 2—\/3 cos (1 arccos (3\/§T> ,
3 3 2
r_ = 2—\/3 Cos (1 arccos (3\/57“> + 27—()
3 3 2 3 )
Ty = 2—\/3 cos (1 arccos (3\/?:7“> - 271) (3)
3 3 2 3

Kz AWDREME, oo NAREMHE. AR
RS K WA [FMELIN , 55 RV () 1509 o (08 0
K1 P, TR LU HBEE » ORI, 7232 135
BE R B, AR APE ETE, 2r > 2v/3/90), HIUK
HPHF K.

1 V(z) fER z KR E, SRS Hr 70, 0.2,
0.385, 0.6
T2 > w, FIAKHHE S Acos(wt) K4
) 2/ 228 28 K T A SRS 5 B cos(02t) B JE 1)
21/ 02, fAIE 5 Acos(wt) FIEA{E 5 B cos(2t)
HA A B e b BE. BT DL EE &, AR
BEEE ANy 2/ Q WRIESh w () A1 — A
JEBA A 2 Jw W8 12 B X (t). B PR o 25 AL &
1220 TR 5 AR (1) R AR L ®OTFE (1)
M () Zom N
z(t) = X(t) + ¥(t). (4)
Y507 (4) OB R (1), B
X+
=Xt—-a)+¥(t—a)-X?
—3X20 —3XW? — W3 —r 4+ Acos(wt)
+ Bcos(£2t). (5)

T 21

W@&—Q<T—Q>.Nﬁﬁwﬁﬁ

EE;/

0

JATE AT PR R) S35, 195
X=X(t-a)—X>-3X02-y3

—r+ Acos(wt), (6)

070507-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

38 F W)

Acta Phys. Sin.

Vol. 64, No. 7 (2015) 070507

S ‘
ﬁiwk = T wk<t)dta k= 13 27 37 T 75‘%‘335
0

(5) k2 A2 (6) 1921
U =0(t—a)—3X*W - 3X W2 - u2)
— (W3 —¥3) 4 Bcos(2t). (7)
W R AR B F, FTOMEE T >

W, w2 w3 R T DS T R (7) 2 T,
v AGEIS RS

W =¥(t —a) + Bcos(2t). (8)
Bt — oolif, JHE (8) HIfH

B
¥ = ;cos(ﬂt—f—@), (9)
Hrp
p? = (—cos(a))? + (-2 —sin(Na))*  (10)
F
— tan- — —sin(NRa)
¢=ta ( — cos(2a) ) (11)

5 A, AT LI (10) L, X
N T SRR AR EORE 1, AR T, ]
T SHL o BRI, RN 2n/ 2. K
7ﬁa%ﬂu%ﬁw2:£;Jﬂ:0.Wﬁ%w)
e

X=X(t—-a)—X>—CX —r+ Acos(wt), (12)

2
ﬁ¢c:2§.ﬁﬁummﬁﬁ%@ﬁﬁ
. 2 4
%ff(X)Z—%—FXT—FTX. (13)
0.2 X
X\ = J]

7 ——r=0.2 /
Y
AA—AAA—AA
0

H A
—0.14 oo SK o
0.1 | & do/z/;z i/

\K A/A/

Vegr(x)

—-0.3 T T T T T
-1.5 —-1.0 -0.5 0 0.5 1.0 1.5
T

2 HHAEE V(X)) BEE » =0, 0.1, 0.2 ALK
RHEMBHNB=2 02=5a=1
B 2 8 Vege(X) B AR G R X BLFRATT GO
FI R, TR (13) AT FE (2), W& I

SAEF AL N T EREX AR, R (13) R
G SIRIE B, AXFRSE r, WWE 5 Q, i
MSE o WATH L r < re, XH

2 3

re =g 3(1-0)
2
5 V3

382 82
X |1— - .

2((cos(2ar))? + (§2 + sin(2a))?)
(14)

MA=0,r <r. i, HEQA2)ME=AF
iy

x, -2 3(; )
X COS [1 arccos < — W)]
3 20—C)32) |
Y — 24/3(1-0C)
3
X COS 1arccos ( — 3\/§T> + 2—7-(
13 2(1 — C’)3/2 3 | ’
X, = 2/3(1-0C)
3
X COS 1arccos<—3\/gr> —2—7—( .
3 2(1 — C)3/2 3
(15)

Mg HRG KA PR E X, = X0 BERGEHSE
X MR EmEEZs. #114Y = X — X, R
ANBHFE (12), AT LA

Y =Y(t—a)-wlY -3X,Y?-V?

+ Acos(wt), (16)

Horp
w?=0C+3X2 (17)

Y A12IE 5 X (3 T e X AR, — AR /.
[F 1812 5) X 5SS A cos(wt) H K. LA
A< 1TAY < 1A T b b, 73 2

Y =Y (t—a) — w?Y + Acos(wt). (18)
it — ooltf, JIEE (18) KIff A
Y (t) = Ar cos(wt + ¢), (19)
o
A — A
b V(w? = cos(wa))? + (—w — sin(wa))?’
(20)

070507-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I % R Acta Phys. Sin.

Vol. 64, No. 7 (2015) 070507

¢ = tan~! <_‘”_Sln(°"a)) (21)

w? — cos(wa)
— P i S A A AT 5 i AR ek
A GUE WTSORIIAEEL, Wi BLIEAE 1 A
©=7
1

N . (22
V= @+ (o s

W7 (22) T AT Hh A8 Q 2 6 F B i
B8 o MRS QFERP Y w? NITHZH o
M%%@ﬁﬁW%%;

14

12

10 A
2n/w

> l 21 /w
6 2n/w

QVR3
2 4 QVR1 QVR2

0 50 100 150 200
«

3 WANHRAE Q 1B SH o R EL, IR SHOE
BK (a>2n/w) (FHhsHN: =5 B=2,w=0.1,
r = 0.19)

3 9 @

AR SRS Q BRIk =X (7778 (22)), AT BATS
WEARIE B, B S5 o, SWFRSE r FlEAE
AR Q5 SR B, AR R T R R R
14 X, = X,

S IRATIE S AR X FR S K A S Ko
. B3 T R AR K (o > 2n/w) I,
e S A @ A 9 Bt i 2 oo 11 66 B, AL T
LB H, Qo) B H I KA Qn MIALE 2 I
& ARG 2 A, HLREAA 2n/w. 3% MBEI3 4
1%, 1€ ayry = 61.24903, ayvre = 124.06157,
avrs = 186.89044 &b Q 1A I AAE Qun, FRAT AR I
QVR3 — QVR2 X QyR2 — QvR1 ~ 2M/w = 62.8.
Bl 4 25 T B I TR/ (o € [0, 2 /w)]) B, 1
MR Q 1E NI S8 a MR 2L, B4 T LA
tH, Q(o) bR &b B KAB Qu HI A7 B 2 I H 5%
)b o A, HR WA 2n/ 0. HIRK4L HEKS
#, avrs — avre & avra — ayvr1 ~ 211/ = 1.256.

SR, AEXT RS e B2 M th g BRI 4 p. B

For KK, Qum N AH) avr FIALE IFANZ 0, X
W2 Ut r A2 U Q Bl o B ALI A IAYE. (R
KE A MPAFR, KIBEFE r 3G K, A A AL E b
B Qm K. K55 HE4H ayvry R Qn BEE
rARATEDL, IWEIRIERERE S, 2r > 0.175 1
Qum B r g K. QMRIERK (22) F 5 r MK
HRAW Mw?2 FRAE X = X H5rAR MM
B2l LA, B r B3GR, X 2848/, IX
FE w2 A2/, I Q 42K

2.0
2m /(2 2m /2
1.6 .
o 1.2
R N
S ’ R .
ER / \ f v, A N
I/ N \',_ _,'/’ \
QVR1 QVR2 QVR3
0.4 T T T
0 1 2 3 4

Bla  maR0E{E Q 1 AET 24 o M %L, B 240
HED (o € ]0,2n/w]) GMhSH N2 =5, B = 2,
w=0.1,r=0,0.1,0.15)

Q(avr)

0 0.05 0.10 0.15 0.20

K5 WA Q FIMCRME Qm EAAEXFRSH r IR
(BHN:02=5,B=2,w=0.1, a=0.94)

H S AE Q I B Rk 3 (U7 2 (22)) AT A
B IR AN B, Q W= IiE S IRIE B, =
WS-SR Q, NS o MANESEr. T7iE

(22) AT LALS
Q=1/VS, (23)

He

S = (w2 — cos(wa))? + (—w — sin(wa))?.  (24)
we FE RGN H IR, SIS SR A A1
o o, RIS BARNE B, B BHR 0, 0
S o MAKNFRZH r MR 4w, BH XS
HAA K BIRG /N, oK S TR BIRRME, Q B )

070507-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I % R Acta Phys. Sin.

Vol. 64, No. 7 (2015) 070507

KAE. IS #— M AMEAGR — AN 3R, (it
AEIEIE Sk S MR IMER E IR R AN B, Ko
KRR, AR A B2 R g

d
£ = 202 (2wrwra + wsin(wa))
4 2(w? — 2w, W) cos(wa)
=0, (25)
dzs
— >0. 26
oz 0 (26)

dw,

w TR (IT) B, we = T Tk SR i 7
(25) 7 LA 2 .S BUMAG O 07 B, BN /IME (LR
RAEME, LN avr), EDTHETTFE (26). {HE
M 1B 5 FE TR EL AR B aovr HISRMTRRE. N T &
Ravr 5 9E R, AT LB R R EUE B, A EUE
e 52, e Rl 6 il 7 Fros.

K625 T I I T LK (0 > 2m/w) I, 3k
WRAEMDE avg SIEFHRSHr ZHKR, 5
HHUE S E 3 M. WE ETUEH, avr FERE
I KRR, RIH— 5K T, XEH
AN Q B o BRI A, RIS, EUR AL R 1)
EIT LS T B 3 R AR LRI o IOE, AHARH
Z A B 22 A0A 2m Jw. X HLIGIE T B 3 o 0 3
FRLE IS I T K (a0 > 2m/w) I Q R I 2m/w
FEMIPER IR, X BB 2K R T o
(AR /IME A, RO SRS T R (26) E 451 Bk

200

186.35362
160 2n/w
1 1234392921
120 Yerem e

|2T[/w

QVR

80 60.59995

40 : WQT[/W

0

0 0.05 0.10 0.15 0.20

K6 mHSEEKX (a > 2n/w) B, iR KA E
avr SIS H r 2 MK R FHMhSHN: 2 = 5,
B=2 w=0.1)
7 4 LT I R (o € [0, 2m/92]) 1,
a MRE S SIEXNFRSEr 2 BEFIRR, SHE
5 AA. EH i AR ME S GER KA
frE, I N avr), avri, avre M ayrs 5B 49
AR, avr FERE r (936 KRIFARAAZ L, 28

tH— 2K 2k, e Ul r AL Q Bl o 22 AL 1) A
. AHSBEAS BME 18 B) ZAB AR B O 21/ 2.
A MEE FU Qo) fEa € [0,21/02) NBEH
o I 2/ Q2 BRI B o R SR 2 B AR bR
NS BB R, 261, 22 FI2E 3 Z [A Y IA) EE A 0
2m/92.

4.0

= 3.44642
3.0 3 /0
] = 2.18855
-------------------------
5 2.0-
2 2n /2
a = 0.93469
1.0 -I’/- --------------- TEFT R
1
2
0 T T T
0 0.05 0.10 0.15 0.20

7 WEZEEN (o € [0,21/02)]), o FIRE R SIE
WS H r ZIMRR (ZHN: 2=5,B=2,w=0.1)

B2, TAPEIT R IR IE B AN S 50
# QRYREN AR, T R EE R R, AT
MSHOFAT IR AR B, H 2w R 1
SRIE. XELIRA RO AR IR AR AL . A
THB IR B = 0. BE, RGN —DRIFRM
FaARGE. R [27, 28] C & WBUE A0 M BE 45
I diir 2 K0R] DA 3 HAT P RR AN R F 3 B IR B AR
N A TR AR (0 A1 BEREAT 0 BT B

RTINS ",'. ?‘;’ ~i'~
N

| V,\‘ “4.\"“ ’i RK
“”"\"‘")‘! X

\
A RK
LS
SRS
QLIRS
\““ {P \0.0::::’ X
%%

B8 WRIEAE Q EH ol B B (B8 2 = 5,
r=0,w=0.1)

BI8 Jyr = O B 1EAE Q 1 N o 1 B (1) R

. MWEHTETLLE H, XTEER B E, QFEE o

10 LR RS R IR, B Q M RAE Qu UA

Ao/ ML, X5 EAG B w 8L 6 E

070507-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

Y18 Z R  Acta Phys. Sin.

Vol. 64, No. 7 (2015) 070507

SEM o, QFEE BRI Nt H B, BB LR
KA. HIRKAEMALE Byr (Qm ¥R BH) bl
% o RGN, B Y (B B S TR A et ).
B9 N r = O W AE Q 1F N o A1 QIR ]
B, JATE B0 2 1 2, QBEE o KBTI H LA
WIREILIRILG. X E 1 o fH, QBEHE 2 1IN
WEIH RIS, (H2 Qun AL, M H
BEE o IR, Qu BINEOZHTIE N, tl 2 ki
W% (ZEHIR), Qu XTI Qvr BB 1A 2 1)/
fEAb (B 9 THFR RS 1),

Bo WaRIEIE QN o M Q Mk (BHCN: B = 2,
r=0,w=0.1)

M BRAZALK, [FIREREE T T4 S AR/
B SRR AL E, SRR AR %4 H T

i
ds 12 392 _
0B = (e 8 eosten)) =0, 21
d2s
a7 )

H1 77 F2 (27) 7T BLAS 21 .S B A X B B A B ) 3R

1
= g\/9u2 — 3cos(wa)u?, (29)

Hodrp? i 7 2 (10) &5 . R4 5 72 (28) 41 B
P AR KA A, R AT DL A B SR R A B AR
W& Byr. MHAMSELE EW, By H5all
KAWME 0. B0 () i H 5 A o BRI
(a > 2n/w) BTG OL, FATKI Byr 2I0H 210 /w 1
JEHAYE. B 10 (b) R (a) B JREBBORE, B o BUE R
e € [0,2n/w]) B IS OL, Byr 2 H 21/ 02 1)
JEHAYE. SCHR [27) R R E 2 () URCEUE F45H T
Byr 5 o 2L E I, (AR HE R RN,

21 /w 21 /w (a)

0 50 100 150 200

et
5.0 Y .
l‘... l'..- " " .- (b)
20/ | a2n/02 | " 2n/0"
454" | u " - "t "
-
£40
m L]
L]
" L]
3.5 . . . o
3.0 T T T T
0 1 2 3 4 5

e}

K110 (a) Byr fENRTESH o MEE (ZH08: 2 =5,
r=0,w=0.1); (b) (a) AMREIHLEK

LR AN, AR AR KB
Zath:
j% = 6512 - 3:22 + 3 — cos(wa) | [—2 cos(Ra)

x sin(2a)a + 2(£2 + sin(2a))]
X [1 4 cos(2a)a]

=0, (30)
d2s
an?
T TR TT R (30) 45 th Q i B figir ik =X, 3R
TR AR BRI R 70, WEUE B4l T Qe
Moz R R, WE 11 R WE11T aJEUEH,
BEE o B K, Qvr FIEZ /), 3 1 B 06 1 0
LI Qg T8 Q FMERESD. R EXE o € [0,1],
v RA—ME, X NQ-2F & ERA— g,
RAEXTE] [1, 2] H HAME, MR Q-2-F& ERA
PSR, A X R 25401, BTEA, B o B934 K, 78
Q-2°F& LA EE, 2 HRIILR. AQ
fFRIs= (22) T, R

) 382

wr =3 (cos(f2a))? + (2 + sin(Ra))?
H5OHAKR, 4 QAERZER, w? FE N 21/ o,
HBEE oSG RTRAN. EFFER 2 XA, w2 B/

>0. (31)

070507-6


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I % R Acta Phys. Sin.

Vol. 64, No. 7 (2015) 070507

B2, N Q HBZ N EE. kil — N, X2
IR N R B IAE 2 F BAXR/NTE R A, X
SRR Y QAR KT B BN, w? ~ 3. T

1
@ V(3 = cos(wa))? + (—w — sin(wa))?
X ER o, w, QBT —EM. X 53HR[27] F
TSR e — B
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4 % %
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SO, RO NS 50T LA S R Q
EIPIFASE B R 2R, BRI 50 D9 N
59 HMRIUE 5 E . AR E L IR A L
IRKEMALE avr. (HRREIEEITNIEE Q. X
o= O, W NIEAE Q BEF ot S L PT AN AS [ )
WK AR, B BN m e 5 AURAE 5 1
F. (HRAE Q-B & L, QI BV I 4%
IR, AREBRRIIRKENNE Byr % o th
L ARANE A A 19 2, BRI A 9 SN = A0
EMRAE S A, £ Q- e L, B
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QEIMZEIIRIME. X THKK 2 MBI B
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Abstract

Vibrational resonance is a resonant dynamics induced by a high-frequency periodic force at the low-frequency of
the input periodic signal, and the input periodic signal is enhanced by a high-frequency signal. In this paper, a linear
time-delayed feedback bistable system with an asymmetric double-well potential driven by both low-frequency and high-
frequency periodic forces is constructed. Based on this model, the vibrational resonance phenomenon is investigated.
Making use of the method of separating slow motion from fast motion under the conditions of 2 >> w (2 is the frequency
of the high-frequency signal and w is the one of the low-frequency signal), equivalent equations to the slow motion and
the fast motion are obtained. Neglecting the nonlinear factors, the analytical expression of the response amplitude @ can
be obtained, and the effects of the time-delay parameter o and the asymmetric parameter r on the vibrational resonance
are discussed in detail. Moreover, the locations at which the vibrational resonance occurs, are obtained by means of
solving the condition for a resonance to occur. A major consequence of time-delayed feedback is that it gives rise to a
periodic or quasiperiodic pattern of vibrational resonance profile with respect to the time-delayed parameter, i.e. in Q-«
plot, a can induce the @ which is periodic with the periods of the high-frequency signal and the low-frequency signal.
The locations at which the vibrational resonance occurs are not changed by the asymmetric parameter r. However,
the resonance amplitude is enhanced with increasing r. Specifically, the resonance amplitude is greatly enhanced when
r > 0.15. On the other hand, in the symmetric case (r = 0), Byr at which the vibrational resonance occurs is periodic
with the periods of high-frequency signal and low-frequency signal as « increases, which is shown in Byr-a (B is the
amplitude of the high-frequency signal) plot. In Q-2 plot, @ is presented by multi-resonance at the small values of B and
2, but @ tends to a fixed value at the small values of B and the large values of 2. We believe that the above theoretical
observations will stimulate the experimental study of vibrational resonance in nonlinear oscillators and electronic circuits

with time-delayed feedback.
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