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Original scientific paper

We have analysed the solitary wave 'solution of two coupled nonlinear partial
differential equations in three dimensions. The system essentially consists of a
Kadomstev-Petvisshville equation coupled through derivative terms to a nonlinear
Schrédinger equation in three dimensions. Such a set of equations are of interest in
plasma turbulence. The one and two soliton solutions are obtained through the
method of Hirota.

In recent years there have been various attempts to extend the various class
of integrable equations to two space dimensions. Examples of equations that are
amenable to the procedure of inverse scattering transform in two space and one
timé dimension are the KP equation, modified KP equation, Davey-Stewartson
system and many others. Here we show that KP equation when coupled to non-
linear Schrédinger equation in three dimensions can sustain of coupled equation
is another example of integrable equations in three dimension.

The equations under consideration reads
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where
a2 92
2 — .
Vi=get Iy

In the following analysis we follow the method of Hirota for obtaining the soliton
like solutions to (1).

Let us set
u=2(ogflx» b=3c

and & = %—. Then equation (1) is transformed to the following bilinear form

(D; — DD, — aD} — ¢D; + 5) f * f = peg*
GD, — D2 —Dig-f=72"f @
D+ Nf - f=mg-g*
where A and s are constants of integration.
For obtaining solitary wave solutions we set
f=1+¢1+f+ ...
g=aoe®(l + g, +¢e%, + ...) 3
with

O=ux+rvy+x
and

fi=eny p=o1(x+ 9y +og); g =entd,
Then we obtain, by keeping terms of order & only
A=ma;; s=pa;
—x + p? + v = ma;
o} (¥ — 0, — a — co?) = 2pa? (cos2 6 — 1) 4

. . 3 ! . .
So if we assume the series gets terminated after the ¢ term, we get the one soliton
solution as

Go €9(1 +g.)
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where we have set
s=1.
So finally
__ag €i9(1 4 em+2i9)

?=—TFem ©

the parameters involved in (6) are connected by equation (4).

To obtain the two-soliton solution, we continue our series up to 2 term in
equation (3). )

Then equating terms occuring as coefficients of ¢2 we get

(D2 — DD, —aDi — DA+ ) (s 1 +f1 - fi+1+f2) =

=pal(g,-1+g -gt+1-g9 Q)
(iD, —D.—D)e®(g21+g, - fi+1-f))=
=g, 1+g fi+1:f) ) €]

D+ 1+fi-fi+1 - f)=ma(e, 1 +g-gf+1-89 (9
To solve these system of bilocal equations we set
fi = a,em + aem
g1 = ayentid | g ent2i

f2=bsentn (10)

g2 =G enhtm+-2i8,+4,)
where
m=0(x + ot + 7).

Substituting in (7), (8) and (9) we generate following relations between the various
parameters occuring in (10)

basy + 2a,a;s, = pal [a; - 2 cos (8, -+ 8;) + 2a,a; cos (6, — 8,)] (1)

sy = (0171 + 02p2)% — (04 + 02) (0,0, + 0,0;) — (0, + 0,)2 a —
—c(oy +03)* + 2pd}

$3 = (0,Y1 — 0392)% — (0, — 02) (0,0, — 0,0;) — (0, —03)2 a —
—c(oy —03)* + 2pa? (12)

b;Tl + 2a1a2Tz = ma: {a; 2 cos (61 + 62) + 2a1a2 Ccos (61 - 62)} (13)
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where
T, = (o + 0’2?’2)2 + 2ma,’,

T, = (0,71 — 0272)>

So when equations (11), (12) and (13) determine the new parametsrs, the two-
soliton solutions are

ao €0 [l + a,en+2id, 4 g,en+2i8: 4 g em+n+2i0,+8)

b= 1 + a;en + Qa,€mn + bae”l""l:

and

2
“= 2%—2 {log (1 + a,em + aem -+ bientm)}, (14)

The forms of the two soliton solution given in (14) clearly indicates that it has got
all the properties usually ascribed to a multisoliton states.

Further properties and forms of the multisoliton solutions and conservation
laws of such system will be discussed in a future communication.
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Originalni znanstveni rad

Analizirali smo solitonsko rjeSenje dviju vezanih nelineranih parcijalnih diferencijal-
nih jednadZbi u tri dimenzije. Sistem se u osnovi sastoji od Kadomstev-Petvisshville-
ove jednadZbe, koja je preko derivetnog ¢lana vezana na nelinearnu Schrodingerovu
jednadzbu u tri dimenzije. Ovakav skup jednadzbi je od interesa za fiziku turbu-
lentne plazme. Jedno od dva solitonska rje$enja dobiveno je Hirotovom metodom.
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