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by using Hirota's method.
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1. INTRODUCTION

Djordjevie and Redekopp [1l] found that the evolution
equation describing the resonance interaction between the long

wave and short wave can be written as
ASet A S =1LJS
Ly = = (ISI'),
In the above equations, S is the envelope of the short wave,while

{(1.1)

L is the amplitude of long wave and real.;kand o are positive
constants. As pointed in [1], the physical significance of
equations (1.1)is such that the dispersion of the short wave
is balanced by nonlinear interaction of the long wave with the
short wave, while the evolution of the long wave is driven by
the self interaction of the short wave., These equations also
appear in an analysis of internal wave [2], as well as the Rossby
wave. The existence and uniqueness of the global solution for
the initial value problem and periodic initial value problem
of the system (l.1l)was proved in [3].

Recently, it is shown that the multi-soliton solutions
for some nonlinear evolution equations can be obtained by many
methods: the inverse scattering method, Backlund Transformations,
and Hirota’s method. Much work [4-8] have been done by using the
direct method.The basic ideas in this direct method are as follows:
Introduce a dependent variable transformation, the
transformation should reduce the evolution equation to a so-r
called bilinear equation, quadratic in the dependent variables.
Then introduce a formal perturbation expansicon intc this
bilinear equation.In the case of soliton solutions, the
expansion truncates.,

In this notes, we have obtained N soliton solution for the

system (1.1} by using Hirota's method.
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2. N SOLITON SOLUTIONS FOR THE SYSTEM (1.1)

For simplicity,let s-;%éu,L —>Vv,x-2dx, t—>t. The system
(1.1) can be written as
) 1,
]Q-r(l-uu‘__o (2.1)
Suppose u,v—> O/ asid-sag.
Let us introduce some notations of "bilinear D operator"
(7]:

n n 0,
Yo ac bt = (% -3 -3l age) bt) oy 2.2)
t=t
where 3 =2 = 2 From the definition (2.2) of D

;

operators,the following formulas can be obtained easily:

™ n M
2D amt]-| = ¥ % 2ct) (2.3)
2 den, t) bia t) = i) P bty .a (2-4)
a m Cheputy C(hxfwe) " m . (2.5
D;:Dc £ x, - L Y= (Bl () R [(rr‘f‘r;)Xf{u{'.w«f] )
and

- (Pt b € Pari e/ B v -] (HHBIX +(Y

T, % 2 R T tep) FO) JHrmart .6)

where F(0, D) is a polynomial of operator R 5 . and
Fle,0) = 0.
In (2.1),1let
2
U=, V= - Lty (2.7)
Here £ is a real valued function,g is a complex valued function.

Substituting the transformations (2.7) into the system (2.1}
and applying the operator notations (2.2),the system (2,1) can

be written as follows: . .
{f LiDt 13- f=0
Dottt =93"

By using the perturbation method,we expand £,g as a perturbation

{2.8)

gseries of a small parameter & :
f=y+ef 1t 48 f 40

. {(2.9)
t=¢£9+s*5. 4259, +-

Let

FOD., D) = D B GCB, B/ =AD+2 (2.10)




Inserting (2.9) into (2.8),and equating power ofg yields a
system of linear partial differential equations of fﬁ ’ 2&

to be solved. -
Gl i)l = —G (D)% G

] 2.11

o Febe, 5 (g1 +1 £ = £ aa.ﬁﬁf—Fipg " E Byt e
Qo) §) | =o (2.12)

FCo 0 ) LEo 15 ] = 3-9.% (2.13)

{C%(ut, Wl = —G(n %) 91 (2.14)

Feoe, 8 Lh I+ 1 f,)= 2,57+ 997 —F(n p) £ f (2.15)

{GCPM/?;-( = =G0, %)(% . f +9-F) (2.16)

FOo, ) L 141 4,] = 89"+ 9, 3% — F(o, 2 )+ 5% ] (2.17)
Firstly,let us consider a single soliton solution of the

system (2,1),N=1.From (2.3) the equation (2.12) can be written

as follows:
~ %
(L2 4% )F =0, (2.18)
Now take the solution equation {(2.18) in the simple form

K ‘
gi:'{ ‘, 71'—""?.0)("'“};{-’-7:“’; w;:"'l:f‘t {(2.19)

whereﬁ and ‘?,“Iare constants.

Substituting g into (2.13), and using (2.4) (2.6),we have

. pent - e
LR b ) f ] = € = LR Curw® pa5] FOong €77 |

So
- j+ |+ - "
2 A et (2.20)
- b
where w'.', ﬁ,* and ?,4 are the complex conjugations of w; 4

and % respectively. Inserting g, and £ into {2.14},and using

{(2.6),it follows -
. 7‘ + %
Gl D) G| = =G BIG F, = —G O, B2 A, &
#
L= AL G 57 Gl gt G ny & T
Since Gl-w' -p?) =0 (it follows
GCP, ) - | = O,
We take g = ¢ Similarly, substituting g, and f, into (2.15),

we have . Wy
2 F (B &) j:l- = ‘3;31*4' glgz — F (R, 'uf)ff' ]Cl - -F(D{/?‘_/A,,-C e "-":O.




We can also take ji::o.From the system (2.12) analogously we

have ‘
fa =% =0 (£22) (2.21).
Let € =1, substituting (2.19)(2.20) and (2.21) into (2.9),

it follows

l+ ?:.* —— ?‘ ! Y T n
f=1+A,2 F=¢ A=lapgpotif=p)]. (2.22)

Hence the explicit form of the one-scliton sclution of the

system (2.1)can be found
U = % = 3 Sech T lptp? 2+ (= 3204 + (7% 794 %1
B R e R N AR AT SR
V= ) = L pp Sech” LU PIC I 40 % 504 7]
o= Av= A Lt i cpty]
Now let us consider the case: N=2. Taking a soliton
solution of equation (2.13) as follows
G=<"+2e" (2.23)

where
Il

?k = fk>(+ Wit 4’?% . WE== 41 I-ﬁ.zzbéL
Inserting (2.23) into (2.14),we have

AFC5)fi | == C-J‘—f j‘)({f‘ -he?')

It follows - - -
* N * » 1—*7" 2+l
_ﬁ = A, 2" 1 -+ An--@?,‘ 7 -+ Az,*ﬁ? -+ Alz—e? 7

-

(2.24)
where -

Asg == [2,(7947?,;“/(/:@?_-{&”/], 7 4= 2. (2.25)

By using the formula (2.6) in the equation (2.15}),and noticing

C?('wgt 'ﬂ{)==0 {k=1,2),we have



G 7| — —
7(2,0,) 4| = —G (o b)) Gt ==G (2 b.) (—17’#'{?7
- * “
' C/‘fﬂ e..%f% - A!.’. {%f fz -f- /‘J’f -6% ? + AJ—J-'&?’-*?I /

= = [Azn G, rmwiy f-pi-3") Gl
. - * f"”l ﬁz ﬂ ﬁ“
g WiTWerwT ft b4y T A Ci(w,,fw,m:; ?»fn#ﬁj

17
chf' g‘) 7 ? _r7 I [Azz G_(W . W
Cﬂwﬁw‘*“”" ’Fﬁﬁ,q“/ +A"‘

G (W, ~w,”, 122%7 +f ) . .
Glwy ru +u¥, ?"+P+ﬁ¥) Q(.-Dt/a,)‘e- ’+7=.+7; .

= LC?"'ﬁj(" ,-fftﬁ y-

(A Anr GCoonr 7 7 S e C—icp.«,a)e?ﬂd%flj

i.e.,
*

o
G (2, 0) Gl = BuA Ay GC0.0 )" P14 6@ d PP (506
B = 2 popicentiny
From (2.26) it follows

gz == B,-:. A“‘ AL] £, '+ 8{2 A/z {Az L
Substituting (2.23) (2.24) and (2.27}) into (2.15),it follows

LFO ) e | = G ETE = ~Flan, £,
= B4, 4, (T RN 1B AL 4, T :-

TR g AT AL (IR A
+ 8. 48 Ar (J‘*ﬁ“* Kp QTR HRY
X }9 3 A P,

vy AT
7’7'*7 71747, (2.27)

— F(x M[ﬁ - F

(2.28)

¥+ & |
where B, and A‘j are complex conjugations of 8,, and A‘j

respectively, and A;;:- S8 {(j,k=1,2) .It is noticed in the

equat:.on (2.28) - ¥ *#
7: 17 7.¢7- %+ %° Wl
85 ar aY STV _FCapalae me | tAne e J
. P £ +7’{—'L .'.* 2'74 + T
-:-’Q,Lﬁ:’ﬁ.*/fiff, -4 ?:./An Ay -Q.z-f 7"'-?.'/4 ) Ar F(W u/,,f; f)@ } ?
2t 2T+, P ? 27

Similarly, the coefficients of the terms

. -
and ._&7'4-&; 27 all are equal to zero in the equation (2.28). So

from equation (2.28) we can obtain
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2 F(Dfx %) ‘f‘;' } = (31./‘1"! All‘f@z/'*;z Az 8;1*’4”/*1:.1" L A A:.z)

AT AT ALE A ‘ "
PR 2 FCor 8) (A2 714;; 7 71—% €?+}:fqz;€7l+%/

= BB A ALALA,L (prps 1 Y

2R, B Fol = 28,87 A, A AL F(D T " A (2.29)
Hence we have
+ + +
1:)' = bll BJZ AH /“rz. /121/‘\ ?{ y‘b_f?' 1‘-7-? (2»30)
Inserting £ ,£,, giand g,into (2.16) and (2.17),and by the

direct computations, it follows
GO b))% | = — G2 0)(Eh fi+3 £ )=0
afg -— ¥
2FCR 0T = $94+ 8.3+ 5.8%— FCagith £+ F5)=0
We take 93:= 5§;=:0_ From {(2.11) it follows

,-ﬁ&;—,__' gﬁ -_.::0) -ﬁzg (2.31)
Let £=1.The sclution of the system (2.8} can be found

Y 2 o
f= 4+ E = 4€_ 47”3'_,; 3.8 ;/ﬁi s A < e A A

{(2.32)
i g% "":e.
= o+l +8.4, A< ks 7+b::. LA e%}‘ 7
where
Ve = fax tHt + 2, £,
. A = - ¥, ?_ - z
and B = 2¢ 7"»‘74}(4‘;5,2_;2&) % [2c# Th )l = 73“‘/]
u\/‘ ".:ZW“/ R v
JrN T 7‘3:*«/‘“ 7»w— J=h M=z
£ =

% [ R+ F) Lt —ip) L B=l2, g=24

2 - ——s
(f" 7 (e " 14’:/,«’7 g7z er ;é—_-gqi.,]‘.—_g,gu

The expression (2.32) can be written as

<
fo it &5 o0 Qo t 2 4w (E4.5,%)
_ ﬁ‘a?k_‘l_,’g'*’;fy}ffz‘fﬁJf-ﬁ, + {"11'7_*%. fﬂ*%f‘fd_ (2.33)




From (2.7) and (2.33),the 2-soliton solution of the system (2.1)
can be obtained. Similarly,we have the explicit form of N~
soliton solution of the system (2.1) as follows [8]:

U= %% V= —2(LF),

20/
‘S-—"" Z_D(ﬂ}—@xp(i:m7é_’- % ?/a‘,aj}

7

ll

‘Z DY Z \
L4 ) XF( reJet, J}f’ﬂ,{/v])
where
=Frx + W €0} P
Te=txtuet g0 iy
e = F -
= % - 7%’_4/:%;’ ﬁ:/,-?./--',/\/_
. o ) -
f) — [%(Pz;#@) CCHy g.lj] , A= W TN N2 2V
LAby—w ) .
¢ Fe-b)(v%-w;). B2l 2 n, Fup 2 o
l v y oy ﬁ:—‘”ﬂ/ ME2 . 20, )::JV-H',--/ 2/
Bga)={ B4 = B A
e oThars
. 1 =4 24
Rip) = i . it ii,/kfu===j§/”%
OZLMG
and
i%i denotes summations for all possible combinations

A=l ua=o,l .
’.'} /Al\/":o/ ’
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