I AHZE AT D] 5 56 36 55 5F 10 3 Applied Mathematics and Mechanics
2015 47 10 A 15 H il Vol.36,No.10,0ct. 15,2015

M E 4S5 :1000-0887(2015) 10-1067-09 © R FHBCER F1 2% 925 45, ISSN 1000-0887

E F Riccati-Bernoulli # B & /Rl FER
Davey-Stewartson 77 2 M 1T K fi

wmoNE, BFRY, #OT

(L. PaE Tl K3 W= R, PU% 7100725
2. b Tk K2 TRNZR, V% 710072)

(T 20 Z 30T R R AR)

E:  Riccati-Bernoulli H Bl i3 )7 8 52 7T L IR 3 AR Lt O 3 23 5 R A T30 A 1) AT 8
g AL 3 7 B AR LR R 3 5 #E, A Riceati-Bernoulli J5 BRKF AR LR M3 353
T RRAC AR LAEAREOT FE 2, SR ARAE LA E Ty T2 2k R B B A B AR Ze M A 13020 J7 R 1 A7 0 A
XF Davey-Stewartson J5 R FIXARh 5 i, 193 T 1207 B ARG B A T I e [m] (A 38 132005 R i — A
Bicklund B4 BF A5 45 R 5 B IRFRSME I RAE T L &L Riccati-Bernoulli 4 B 15043 Jr #0752 —
Tl B A 00 SR iR A M A 20 RS R A 11 0k

%X $& 8. Riccati-Bernoulli 5l B 4 R 512 Davey-Stewartson TR, ATUR,

Biicklund 75

FESES. 0175.2 XEARERD: A
doi: 10.3879/].issn.1000-0887.2015.10.006
5] =

PRl Jyep s AR s AR KR B BEG AT LU AR S 1 03 5 R A i IR T 5 X 28
ARLAE A 1w 73 T3 R BRSO 00, R AT D A B T T b B AR X L8 B ) ) BEAR o AT AT
DA FH X LA AT T A R RE M R rR) s SR AL T LB B 1 i ik ] UARE B AT A BB Y
ARLAE IR LA Pt , ToRARZME i o 75 R RS B A T A , I FE R A R 0 (i
THEBAE) , FARBOAT KRB a2 B A 25 A i R 1T S4TSR A e M ey B R
PN I U — B B3 1 SRAFR I e i o 5 RS 0 e 1 5 3%, G B D5 7 Bieklund
ARHRIEDH WMDY SFRUCHARE ERARGEN L (6/6) FFIE U R E
P Jacobi M IR PR A IR AN Ik 3B —Fh e — (R Al 2R M D oy R i

« UWFEBH. 2015-06-24; EiTHHEI: 2015-07-23

EETH.: FRHE 534 (20126102110023 ) 5 H st i AL SEABHIF L 55 % 4 3005 4
(3102014JCQ01035)

EE® N B/INE(1978—), B, Bepb A, 1142 (E-mail; yangxiaofeng@ nwsuaf.edu.cn) ;
MFIR(1964—) , B T F N, #iZ, W4 S GEIRVER . E-mail: dweifan@ nwpu.edu.
cn) ;

M2(1980—) , FH, ILARN, A (E-mail; weiyiwy@ 126.com).
1067



1068 oN BF R M Z

7.
AL T —Fh Riccati-Bernoulli i By # 3o 27 k  JFHIZ 24583 T Davey-Stewart-
son J5 FE ARG BT T I f#t. 75 FE Davey-Stewartson J7 2 ;

, 1
g, + 5 5(gu +5q,) +A lq’q =g =0, (1a)

b, —sd, —-2A(lql*), =0, (1b)
Hrfrg=q(x,y,t) ,d=d(x,y,t) 3HIRHE TREs A NTHEi=/- 1. s=1,s=— 15},
FRECL) 4359 #k R DS-1 e DS-1I J7 .Davey-Stewartson J5 £ ¥X H Davey Fll Stewartson
143, IF AR AR K R L A HRLA i 1 A 2 S S 3R Tk FI5E R, Djordjevie 2t il
H T 2EIE TR . Davey-Stewartson 5 FEFERF 78K S8 I AH 1A FH RN 45 25 14y BE 45 400 skt A 7R
Z NP R R G S 2 2R ITORTE O LB BUS T 205 MR Zedan F1 Tantawy
FH RS A AT 2] TR (1) MEUESRE ™ 5 Ghidaglia A1 Saut £33 T 5 R (1) M%) {H ) 811
fift 2 s Jafari SFFHE KBUMEA I T HRE(1) —fF > kS REMR FRFLART
DS-T J7 A2 A A A 7 5 Yan ] Jacobi M [ pRBCER 25 18 T 5 R (1) 169 JE) e

A SCH|F Riceati-Bernoulli $ff Bl #1843 77 #2 5125, 45 Y Davey-Stewartson 7 F2 FORS #f 17 %
fi#F1—~ Bicklund 25,
1 Riccati-Bernoulli %fi Bl 18053 5 #2712

s N IE X R o 7 R

P(u,u,,u,,u, ,u,,)=0, (2)
HA TR FEL, P2 u MR FEH 200158, Riccati-Bernoulli 4 Bl & #3453 5 #2743 A
34

o, AT A

u(x,t)=u(&), E=k(x + Vi) (3)
PEOTRE (2) Bt N oy Jr
Plu,u" ,u",u",--)=0, (4)

Hor b, VIFFERE ' = du/dé.

IR, % u & Riccati-Bernoulli J5 2
uw' =aut™ + bu + cu” (5)
A, e a b, e, m R E AL

HI 7 FE(5) HIETHA, 14

W=ab(3 -m)u*™" +a* (2 -m)u’ " + mu" +

be(m + 1)u™ + (2ac +b*)u. (6)
JRE(S) AT 6 Pl
Mm =1, IFRE(S) WfEH
u(€) = Ce "t (7)
Bm#E1,a=b=0, TS WHHR
u(€) = ((1 =m)(cE + €)™ (8)

Mm#1,a=0,b7#0, HFF(S5) WEN



FTF Riccati-Bernoulli % Bh & #8057 FR 19 Davey-Stewartson 7R BTk ft 1069

c 1/(1-m)
u(é) = (— N + Ceb(ml)fj ; (9)
Mm# 1,0 #0,b° —4ac < 0, TFE(S) WIfEN

(8 = (— b+ /4ac - b 1an(0.5(1 = m) +/dac - b'£ + C)J o (10)
2a
Mom# L,a #0,b° —4dac > 0, TFE(S) WIfEN
[ W daee b+ B dac) .
u(¢) = a(1 = Cof1mm Vs ) 2a ; (1)
Mom#,a #0,b> —4ac =0, JFFE(S) BIfERN
1 b 1/(1-m)
O neve ) )

Hr € JRAT I HHL

5K u B A S BARA T FE(4) , A W/(j=0,1,2,) BRK,BE DT m,a,b,
ke, VIRBOTRRAL K b AR B, IR mya,b,e k,V ALE = k(x + Vi) FRAK(7) ~
(12) A5 30 TR o 7 2 (2) BORE B A Tk .

2 Davey-Stewartson J7 T2 ARG B 171 fif

AT I A 4
q(x,y,1) =h(€)e”, d(x,y,1) =€), (13)
Ezax +By +yt, n=k(x+ly +dt +g), (14)
AR AT R
(=B = sa®)h" + (2kd + sk* + s*Ik* + 2ad’ ) h — 2AR° —
2i(y + kas + kIBs*)h' =0, (15)
o’P" = sBP" - 2ha(h?)' =0, (16)

Hv o, By, k,l,d HTFE LB, g LRI WE G, A ", 3 5MRER h(&), dh(&)/dE,
d*h(€)/dE > (&) /dé.
Ly =—ks(a+1Bs), HFE(15)4LN

(=B —sa®)h" + (2kd + sk* + s*I’K* + 2ap’)h — 2AR° = 0. (17)
XFHRR(16) i 6T & Bl —IK 15
20 ah’ + A
' ’ 18
¢ o - (18)

Horf A BB E L
e (18) AKX (17) ,15
N 2A(a® + 58°) .

(sa® + s*B*)h" - (21“1 + sk + SRR + 22A°‘ Z]h — =0. (19)
o - 5B -—a + B
(D) ¥ sa® +5°6° =0,2(19) P hIWREH 0, H
A== ka(2d + sk + s°kI*) . (20)
Wy 7R (1) BN

g(x,y,0) Zh(E 5 <o, (21a)



1070 - BT R by Z

kQ2d 4 sk + SHE

21
- : (21b)

Blx.y.0) = $(£) = [12(£) dé -

Vel el
—ks|a £ S|t,
_Sy -8

o, k,l,d,g,B AERESEERGR(E) HIERETREL.

() Y4 s’ +5°B° # 0, WHR(19) W RZITRE(S5) B, R H0(5) Mt (6) AT #E
(19) %%

(ab(3 =m)R*™ +a*(2 = m)R’™" + m*h™ " + be(m + 1)h" + (2ac + b)h) +
[deaz = 2kdsB’ + sk’a” - KB + Sk’ - SEIB + 2Aa
h +
s(s°B' — a')

=0. (22)

y
+

E=ax £

2
s(sB* - )
S m =0, WIrf(22) 1R
27
(3abh® + 2a’h* + be + (2ac + b*)h) + }

R
s(sB* - a?)

2kdo® - 2kdsB* + sk*a® - s*K°B° + Pk e’ - S PB + 24«
i a h =0, (23)
s(sB" —a)
ASHR(23) T K (j=0,1,2,3) FIRECN 0, 84080 B4
be =0, (24a)
2 2 2.2 2722 27272 2 3727202
2ac+b2+2kda 2kdsB” + sk”a szk4,8 +4skla sk +2Aa:O’ (24b)
s(s)B" —a)
3ab =0, (24c¢)
2
24’ (24d)

+—————=0.
s(—a’ +5B8%)
SRR ITREL (24) 45
b=0, (25a)
_ 2kda® - 2kdsP’ + sk’a’ - KB + K’ - SEIB + 2Aa
- 2s(a* - s°BY)

a == /‘g(az)i.gﬁz). (25C)

Boac > 0, KR (25) A (10) KRR (19) BOfiRHN

ac

(25b)

2

N ) (e
h(g) ==+ 21 (a’ +s,82)tdn( 2s(a* - s°B) (§+B)j’ (262)
Hrp
E=ax + By —ks(a +1Bs)t, (26b)
p = 2kda’ = 2kdsB® + sk’a® - KB + sk o’ - KB + 2Aa, (26¢)

a,B,k,l,d,A,B RAFEIHEE.
FEEBNTFES), W) W —4URG g A
q(x,y,t) =q(€) =



FETF Riccati-Bernoulli 5 Bl i 1% 50 /7 B2 Y Davey-Stewartson 5 F2 )47 i

1071

+ P an 1% ei]f(x+l)‘+dl+g)
_\/2)\(a2+s,82)t K\/Zs(o/‘—szﬂ“) (§+B)} '

x = = T4 o tan .
d(x,y,1) = (&) = as J( yers ) Uzs(azl ~ 89 (& + B)] +
(o —s,B )C—Bpa_(ak 12s2+akzs+2akd+Aj(§+B)’

szﬁ4 3,32 +a’
,\':F'gpFH:T:E(26b)3Fﬂ(26c) G o Bk, 1, d,AB,C AR E SRR
W ac > 0, KR (25 AN (1), et R (19) (RN

h(@qﬁ“%ﬂmg
B I R 1

/_7'0 h[ +B J

20 (o’ + 5B%) ZS(a (5 )

h(£) [—— coth[ R B)]
20 (o’ + sB%) 23(a —s,B)

Hrp g, p R (26b) f1(26¢) 5 H; o ,B,k,l,d,A,B ,C BATEsLH .
BEET, (L) Wi R
q(x,y,t) =q(€) =

+ -p nh(J j ik(x +l)+(ll+é)
K/Z)\(a +s,8) 2s(at —sﬂ)(§ B)

_ T . ey O S S
dlryn=o@=as [T h( i g € B>]+

(a* = s°8)C - Bpa  (ak’I’s® + ak’s + 2akd + A
- (6 +B),

o - 32ﬁ4 3'32 + ol

R

h(¢) =

H+

1]
+

gl
q(x,y,t) =q(€) =

- p -p ik(x+ly+di+g)
+ coth e yrare
\/2)\(012 +58°) t [&/25((,!4 -s'BY) (§+B)] '
-2
x = =as [——coth| [——F———
by n=o@=as [T t( e SZB4>(‘5+B>]

(o - s;,B“) 204— Bpa (akzlzsz + aiczs +22akd + AJ (£ +B).
o —sB sB”+ o
Hep g,p mz(26b) fI(26¢) %t «,B,k,1,d,A,B,C AT R HEL
W ac =0, TR (25) ,H

A E( —a® +sB8°) (kI’s* + sk +2d)
a=% [ A=
s(a™ = sB%) 2a

F(32) A (12) U FE(19) 1N

(27a)

(27h)

(28)

(29a)

(29h)

(30a)

(30D)

(31a)

(31b)

(32)



1072 7 BT R /S

me = [ (33)

Hr g iz (26b) 4 o, Bk, L, d, B RAEESH L
BEIE, 7R (1) B A

~ _ S(a2 _ 8,82) eik<x+l)’+(ll+g)
‘](%%U“](‘f)—i /\ §+B ’ (343)

as k(kl’s® + sk + 2d)
=C - -
¢(x,y,t) £+ B T

Hrpr & hiz(26b) 4t o,B,k,1,d,B,C RAEEIHEL
3 Davey-Stewartson T FERY Bicklund 28
M m =0, FHE(5)IBIHN Riccati T

(€ +B), (34b)

b =ah® + bh +c. (35)
LI (35) AN F A% .
hy =h, + hy, (36)

ok hy = ho(€) RROHITE(S) MM, b, = h,(&) RHEREL
TR (36) fRAJTRL(35) , 1%
hi=ah® + (b + 2ahy)h,. (37)
VEREFIJIRE(37) 2 Bemoulli Jy k. ELHER f# )y B (37) , FRAFED by ,ho R, T A5 51 7 2
(35) J—~ Bicklund A% # .
h, =h, +hy, h,=ah} + (b + 2ah,)h,.
FIFH Baicklund 754, Fe i THEREISEI T2 (1) HYTES5 2R e 040 e P

= = p an p
ho = ho(£) \/2)\(042 +sBz)t [\/23(014 -$°B") §J ’ (38)
EMH AT (36) Fi1(37) , 15

_ _ SeCZ(E§>
hy =h,(§)= C - (a/E)tan(E¢)’

Hrr &,p = (26b) #1(26¢) 4t 5 o,B,k,1,d, C JRATE T HEL,
a= /%, E= /% :
s(a® = sB%) 2s(a’ - 5°8Y)
TR, FAEB TR (35) B— 1 Hr i .

b= h() = o )

- (a/E)tan( E¢)
mITRR(18) 15

(39)

-+%§tan(EE). (40)

A ap 2saE(a® + C’E?)
$(6)=D+ [az - s - at - 32ﬁ4)§ ¥ a(CE — atan(EE))’
Hop D AT 4.
T, AR (L) B—Hrfe, j
q(x,y,1) = hy(&) e (42a)

(41)



FTF Riccati-Bernoulli % Bh & #8057 FR 19 Davey-Stewartson 7R BTk ft 1073

d(x,y,t) =d(§), (42b)
Hr b, (&) (&) Bz (40) (41) g5 .
KT Lmagitie, S8 # (1) B9— Bicklund 224 .
h\ = Chi+1 + (b + 2ch,)h by =h,y +h,,

n+l o

‘ 20a(hy(£)) +A
Q(x’y’t>=hz(f)61k<”[”d”g>’d)(x,y,t):(b(é:):j a(az(f)) + i

- 5
Hrp b, =h, (&) BHFE(35) H—CEH#.
B, ISR L (5) AY— Béicklund A5

1- 2
Ch = hn ’"’ v:ﬁl = (1 - m)(d’l}"H + (b + 21”)”)1}"4-])’ Vnsa = Vst

Hod o, 0,00 10,00k, by 52 ERIBREL R, = h (&) RITHR(S) — AR,
4 4 e

W s <0, BA(21) 42 DS-I1Jr BEAYA#  (HAE DS-1 7 BRAYMEARAE EIRE R4 A
=0, W Riccati-Bernoulli 4 Bl & 3053 5 B AR 2R 7 F2 (1) M T AR v LR AL 2R B
UABUNMEAF RN A LE R SR IAH B AU AR REAF 2020 (21) i LR B WAV ok i
B (1) B2 453 DS-T J5 AR DS-11 5 R4y 55Kk %) T Riceati-Bernoulli % B # 053 75 #2 J7
EA LG — 1325 RE (1) RSB AT BB — 4R A0 2, 1 WO B0 BT B Y Backlund 7%
1] Riccati-Bernoulli % Bl & G 20 7 #2 7 48 — 1> H PR A9 Biicklund Z8 e, an 24528 17 4 #2
(1) B—AMf 5T ISR FE (1) iS55 21 il

VF LA R J7FE 7] DL Riccati-Bernoulli 8 B & 18000 J7 R 7 e SR A5 kG # fe | 1 EL7E
Maple Z50F5 AR BT 3115 Riccati-Bernoulli 5 B & 18070 75 R 7 125 ] L i &50R (8 B i1 oR
PR AR LA I o J7 R AT A

2% 3k ( References)

h - Ul/(]fm)

n+l n+2 ’

+v

n?

[1] Ablowitz M J, Clarkson P A. Solitons, Nonlinear Evolution Equations and Inverse Scattering
[M]. Cambridge: Cambridge University Press, 1991.

[2] Ablowitz M J, Segur H. Solitons and Scattering Transformation|[ M]. Philadelphia; SIAM
Press, 1981.

[3] Rogers C, Schief W K. Bicklund and Darboux Transformation Geometry and Modern Appli-
cations in Solitons Theory[ M]. Cambridge: Cambridge University Press, 2002.

(4] GuCH, HuHS. A unified explicit form of Bicklund transformations for generalized hierar-
chies of KdV equations| J ]. Letters in Mathematical Physics, 1986, 11(4) . 325-335.

[5] Hirota R. Exact solution of the Korteweg-de Vries equation for multiple collisions of solitons
[J]. Phys Rev Lett, 1971, 27(18) : 1192-1194.

[6] Hirota R, Ito M. Exact solution of the modified Korteweg-de Vries equation for multiple colli-
sions of solitons[ J |. Journal of the Physical Society of Japan, 1972, 33(5) : 1456-1458.

[7] Hirota R. The Direct Method in Soliton Theory[ M]. Cambridge: Cambridge University Press,
2004.

[8] WANG Ming-liang. Solitary wave solutions for variant Boussinesq equations( J |. Physics Let-
ters A, 1995, 199(3/4) . 169-172.

[9] Wang M L, Zhou Y B. Application of a homogeneous balance method to exact solutions of



1074

o B BT R /S

[10]

[11]

[12]

[14]

[15]

[16]

[17]

[20]

[21]

[22]

(23]

[24]

nonlinear equations in mathematical physics| J|. Physics Letters A, 1996, 216(1) . 67-75.
BAI Cheng-lin. Extended homogeneous balance method and Lax pairs, Bicklund transforma-
tion[ J]. Communications in Theoretical Physics, 2002, 37(6) : 645-648.

Taghizadeh N, Mirzazadeh M, Filiz T. The first-integral method applied to the Eckhaus equa-
tion[ J|. Applied Mathematics Letters, 2012, 25(5) . 798-802.

Lu B. The first integral method for some time fractional differential equations| J]. Journal of
Mathematical Analysis and Applications, 2012, 395(2) . 684-693.

WANG Ming-liang, LI Xiang-zheng, ZHANG Jin-liang. The (G'/G) -expansion method and
travelling wave solutions of nonlinear evolution equations in mathematical physics[ J]. Phys-
ics Letters A, 2008, 372(4) . 417-423.

ZHANG Hui-qun. New application of the (G'/G) -expansion method[ J ].Communications in
Nonlinear Science and Numerical Simulation, 2009, 14(8) . 3220-3225.

Wazwaz A M. The tanh method: exact solutions of the sine-Gordon and the sinh-Gordon equa-
tions[ J]. Applied Mathematics & Computation, 2005, 167(2) ;. 1196-1210.

YAN Zhen-ya. Abundant families of Jacobi elliptic function solutions of the (2+1)-dimensional
integrable Davey-Stewartson-type equation via a new method[ J]. Chaos, Solitons & Frac-
tals, 2003, 18(2) : 299-309.

McConnell M, Fokas A S, Pelloni B. Localised coherent solutions of the DSI and DSII equa-
tions—a numerical study[ J]. Mathematics and Computers in Simulation, 2005, 69(5/6) :
424-438.

Davey A, Stewartson K. On three-dimensional packets of surfaces waves[J]. Proceedings of
the Royal Society of London, Series A, 1974, 338. 101-110.

Djordjevic V D, Redekopp L G. On two-dimensional packets of capillary-gravity wave[ J].
Journal of Fluid Mechanics, 1977, 79(4) . 703-714.

Novikov S, Manakov S V, Pitaevskii L P, Zakharov V E. Theory of Solitons, the Inverse Scat-
tering Method| M]. New York: Consultants Bureau Press, 1984.

Zakharov V E. The Inverse Scattering Method, in Soliton[ M ]. Heidelberg: Springer Press,
1980.

Zedan H A, Tantawy S S. Solutions of Davey-Stewartson equations by homotopy perturbation
method[ J]. Computational Mathematics and Mathematical Physics, 2009, 49 (8) . 1382-
1388.

Ghidaglia J M, Saut J C. On the initial value problem for the Davey-Stewartson systems| J].
Nonlinearity, 1990, 3(2) . 475-506.

Jafari H, Sooraki A, Talebi Y, Biswas A. The first integral method and traveling wave solu-
tions to Davey-Stewartson equation[ J]. Nonlinear Analysis: Modelling and Control, 2012,
17(2) . 182-193.

HER, FRE, W, 755, Davey-Stewartson [ B JEI B[ J]. SUFY 344k, 2005,
25(2): 213-219.(ZHANG Jin-liang, REN Dong-feng, WANG Min-liang, FANG Zhong-de. The
periodic wave solutions for the Davey-Stewartson 1[J]. Acta Mathematica Scientia, 2005,
25(2): 213-219.(in Chinese) )



FTF Riccati-Bernoulli % Bh & #8057 FR 19 Davey-Stewartson 7R BTk ft 1075

Traveling Wave Solutions to the Davey-Stewartson
Equation With the Riccati-Bernoulli
Sub-ODE Method

YANG Xiao—feng' , DENG Zi-chen’ ., WEI Yi'
(1. Department of Applied Mathematics, Northwestern Polytechwical University,
Xi’ an 710072, P.R.China;
2. Department of Engineering Mechanics, Northwestern Polytechnical University
Xi’ an 710072, P.R.China)
( Contributed by DENG Zi-chen, M. AMM Editorial Board)

Abstract: The Riccati-Bernoulli subsidiary ordinary differential equation ( sub-ODE) method
was proposed to construct the exact traveling wave solutions to the nonlinear partial differential
equations ( NLPDEs). Through traveling wave transformation, the NLPDE was reduced to a
nonlinear ODE. With the aid of the Riccati-Bernoulli sub-ODE, the nonlinear ODE was conver-
ted into a set of nonlinear algebraic equations. The exact traveling wave solutions to the NLPDE
were obtained as soon as this set of nonlinear algebraic equations were solved. Application of
this method to the Davey-Stewartson equation directly gave the exact traveling wave solutions.
The Bécklund transformation of the Davey-Stewartson equation was also given. The results were
compared with those of the first-integral method. The proposed method is effective and easy to

be generalized to deal with other types of nonlinear partial differential equations.

Key words: Riccati-Bernoulli sub-ODE method; Davey-Stewartson equation; traveling wave

solution; Backlund transformation



