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Abstract. The projective approach is a kind of classic, efficient and well-developed method to solve
nonlinear evolution equations, the remarkable characteristic of which is that we can have many
different ansatzs and therefore, a large number of solutions. In this paper, with the help of the
improved projective approach and a linear variable separation approach, some new variable
separation solutions of the (2+1)-dimensional Generalized Calogero-Bogoyavlenskii-Schiff system
(GCBS) is derived.

Introduction

Modern soliton theory is widely applied in many natural sciences such as chemistry, biology,
mathematics, communication, and in particular in almost all branches of physics like fluid dynamics,
plasma physics, field theory, optics, and condensed matter physics [1]. The exact solutions of
nonlinear partial differential equations(NPDE) are interesting and popular topic in nonlinear
physicists and mathematicians, and various methods for obtaining exact solutions of nonlinear
system have been proposed, for example, the bilinear method, the standard Painlevé truncated
expansion, the method of *“coalescence of eigenvalue” or “wavenumbers”, the homogenous balance
method, and the mapping method [2-5]etc. In the past, Mei and Zhang have obtained exact traveling
wave solutions for a nonlinear evolution equation with the Riccari equation

t 2
(5 =8 +as+a )projective method [6].In this paper, by using the Riccari equation projective

method, we construct non-traveling wave solutions with 4= X+my+nt+R(X,Y,1) jn the (2+1)-
dimensional Generalized Calogero-Bogoyavlenskii-Schiff (GCBS) system [7] .

NV + 2V, + VNV, +V,, =0. (1)
where,« and S are two constants.

As is well known, to search for the solitary wave solutions for a nonlinear physical model, we
can apply different approaches. One of the most efficient methods of finding soliton excitations of a
physical model is the so-called mapping approach with variable coefficients. The basic ideal of the
algorithm is as follows. For a given nonlinear partial differential equation (NPDE) with the

X=(Xy =1, X, X;,..X,,)

independent variables ,and the dependent variableU , in the form

P(u,u,u,, Uy ,...)=0
@ | N | |
where P is in general a polynomial function of its arguments, and the subscripts denote the partial
derivatives, the solution can be assumed to be in the form,

u=AK)+ Y {8 (0 Ta(] ®
with 7

(4)
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and
q=Ix+my-+nt+R(x,y,t) (5)

wherea, a;,a,,l,m,n are constants, R=R(x,y,t) is arbitrary function of (x,y,t) .Substitute (3),
(4) and (5) into the given NPDE and collect coefficients of polynomials of &, then eliminate each
coefficient to derive a set of equations of A, B,and g, and solve these equations to obtain A, B, and

g. Finally, as (4) is known to possess the solutions[16], one obtains the complex solutions tothe
given NPDE.

New Exact Solutions of the GCBS System

Now we apply the Riccati equation projective approach to (1). By the balancing procedure,
ansatz (3) becomes
V= A(xy,t)+B(x y,t)g(a(x, y,1)) (6)
where A, B, and q are functions of (x,y,t) to be determined.Substituting(6) and (4) into (1) and
collecting coefficients of polynomials of ¢, then setting each coefficient to zero, we have

(a8 +4262,0,0, — 42,00, 05 ~ 8708y — 20,0, 0 + Oy
2 a.d, ’
_4a2qx

B= ,
p

A=

(7
q=Ix+my+nt+R(x Vy,1),R=y(X)+p(y—cd) 8)

Based on the solutions of (4), we can derive the following complex wave solutions of (1):
Case 1 when a,=1,a,=0,a,=-1,

yolLl I ~ 00, + 42,200, 48,6, ~6,0, ~ 20,00 88,

o 0,

—4aqutanh(q), )
_ L 00+ 422,00, 420,00~ 00, ~ 20,0 B + Gl
©2p 40,

) 4a;3qx coth(q), (10)

Case 2 when a,=1,a,=0,a, =1,
_ij—aqfqt+4aoazq;‘qy—4a1qquqxx—afq;‘qy—ququxxx+qquy 0

S 2op 659,

_mtan(q),
B

(11)

Case 3 when a,=-1,a,=0,a,=-1,

L7000+ 42,2,0,0,) — 42,00, - 20,0y — 20,0, + Ol

2 a;a,

_4a2qx
B

V, =

cot(q),
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(12)
1 1
Case 4.when a,=5,a,=0,a,= 3,
L 000+ 42200 480,00 =800, = 200+l

V,=—
2P 00,
—%aan(qwsec(q», (13)
_ j aq qt+4a0a2qqu 4a‘quq qxx aiq qy_quq qxxx+qquyd
T 2p 0,
-8 ) -see(q) (14)
— J‘ aq qt+4a0a2q qy 4a1qqqxx aiq qy 2qq(']>(x><+q><qud
"2 0.,
[;q* (esc(g) - cot(a), (15)
Case 5 when ao——* a,=0,a,= —i
V- J — atl;, +42,3,0,0, —43,0,0,0,, — 80,0, — 20,0, 0y + Uy, "
Y 0.,
_ 480, (~tan(q) +sec(q)), (16)
Vo I - a0, +42,3,0,0, —4a,0,0, 0, —a; 00, - quqxxx+qquyd
*op q’q,
;qx (cotn(q) +csc(q)), (17)
J — 070, +4a,3,0,0, —48,0,0, 0, - aiqqy—quqququd
Sy 0.,
/;q* (cotn(g) - csc(g)),
(18)
J - o079, +42,a,0,9, —42,0,0,0,, —a;0,q, — 20,4, S+ Ol
1R a:q,
_4a,q, cot(q)
B 1+cse(q)’
(19)
I — o]0, +42,3,0,0, —42,0,0, 0, —a; 0,0, — 20,0, 0 + 050,
V, =— dx
2 0z,
_4a,q, cot(q)
p 1-csc(q)
(20)

NP

1
Case 6.w hen a,=7,a,=0,a,= -
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v oL [T +4202,0,0, 420,88~ 200, = 20,00 + Ol o 4350,

vop o,
(coth(q) +csch(q)),
(21)
1 J—aqfqt+4aoazqfqy—4a1qquqxx—aquqy—ZququqXqu 0
14~ 5, 2
2 q,dy
~ 280y chthig) — esch(g), (22)
v oL 7O +462,0,0, —4,0,0, 0~ 000y 20,0, 8 + 0y
co2p acq,
4
2820 qanh(q) + 1 sech(a)),
(23)
v LT +4202,0,0, ~42,0,0, 85 2 G0, ~ 20,0, + Oy
voop 9:q,
4
-2 (anh(g) - 1 sech(@))
24
- 1 —ad;q, +48,a,0,0, —42,0,9,0, —8/0;q, —20,0, 0, + 00,
V, =—] dx

2 g:a,
_4a,q, tanh(q)
B 1+sech(q)’

(25)
Vi, :ij—aqxzqt +4a0aZquy —42,0,9,0,4 —afq;‘qy —20,0,0, + 050, ix
2p a5,
4a,q, _tanh(q)
B 1-sech(g)’
(26)
v, = b7 Ot 485305y 410G, O — 2 0y — 200, G * Gy

2 g:q,
_4a,q, tanh(q)
B 1+csch(q)’

(27)
1 I—aqfqt+4aoa2q;‘qy—4a1qquqxx—afq;‘qy—ququququd
Y] q%q '
Xy
_4a,q, coth(q)
B 1-csch(q)’
(28)

Case 7. when a,=1,3,=0,a, = -4,
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Vzl:if—aqfqt+4aoa2q;‘qy—4a1qquqxx—afq;‘qy—ququxququ i
25 a5d,

4a,q, tanh(q)
B 1+tanh?(q)’
(29)
Case 8. when a,=1,a,=0,a,=4,
ij—aqfqt +4308,0,0, — 42,0,0, G — 8700y — 208y O + Ay
2 CHeR

4a,q, tan(q)
~p 1-tan’(q)’

V22 =

(30)
Case 9. when a,=-1,a,=0,a, = -4,

v, _ ol +4202,0,0, —42,0,9, 8o~ 30l ~ 200, D + Dy
2p8 ayd,
_4a,q, cot(q) , (31)
B 1-cot’(q)

Case 10. when a,=1,a,=2,a, = 2,

v, _ Lm0, +4202,0,0, 42,00, 0 — 2700, ~ 20,0, O + Al
28 q:d,

_4a,q, tan(q)
B 1-tan(q)’

(32)

Case 11. when a,=1,a,=-2,a, = 2,
L om0 +4202,0,0, — 42,00, G ~ 87030y ~ 20,0, O + Oy
2 a.d,
_4a,q, tan(q) , (33)
£ l+tan(q)
Case 12. when a,=-1,a,=2,a,= -2
ij—ocqfqt +4308,0,0y —42,0,0, 8 — 808y ~ 20,0 G + Oy o
2B a5,
_ 43,9, _coy(q)
B 1l+cot(q)’

st =

Vze =

(34)
Case 13. when %=1 &= & =_2

1 I—aqfqt+4aoazq;‘qy—4a1qquqxx—afq;‘qy—ZququXﬁqXqud
28 9%q '
xHy
_4a,q, cot(q)
f 1-cot(q)’

V27

(35)
Case 14. when a,=0,a,= 0, a, =3,
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ij_aqfqt +4a0a2q:qy _4a1qquqxx _alzq:qy _ququxxx + qquy dx

2p a5,

N 4a,q, 1
f  aq+k

(36)

with g=Ix+my+nt+R, R = y(X)+@(y—ct) .Here, a, f,c,aand k are constants.

Vze =

Conclusions

The projective equation method is a kind of classic, efficient and well-developed method to solve
nonlinear evolution equations. In the past, Mei and Zhang have obtained the exact traveling wave
solutions for the nonlinear evolution equations such as Gross-Pitavskii equation with the Riccari
equation projective approach. In this paper, we extend this approach and construct the variable
separation solutions of the (2+1)-dimensional Generalized Calogero-Bogoyavlenskii-Schiff system,
which are different from the ones of the previous work. Since the wide applications of the soliton
theory, to learn more about the localized excitations and their applications in reality is worthy of
study further.
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