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Abstract. In this paper, we employ the Truncated Painlevé Approach (TPA) to
(2+1)-dimensional Maccari equation and construct its solutions in closed form involving three lower dimensional arbitrary functions that are completely separated in the spatial and temporal variables. We then suitably harness the arbitrary functions to generate
localized solutions like dromions, rogue waves, stationary rogue waves, lumps, and
compactons. The highlight of the results is that the localized solutions do not evolve in
space and their amplitude alone changes with time despite possessing an explicit time
dependence in their structure. Besides, they are also found to be noninteracting.
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1. INTRODUCTION

The identification of dromions, which are exponentially localized solutions in
(2+1)-dimensional soliton equations [1–7] has been one of the most interesting developments in soliton theory in recent times, which has given a fillip to the understanding of integrable systems in (2+1) dimensions. Dromions arise essentially by
virtue of coupling the field variable to a mean field/potential, thereby preventing wave
collapse in (2+1) dimensions and they can, in general, undergo inelastic collisions
unlike one-dimensional solitons. The identification of a large number of arbitrary
functions [8–10] in the solutions of (2+1)-dimensional integrable models has only
added to the richness in the structure of solutions and hence construction of localized
excitations in (2+1) dimensions continues to be a challenging and rewarding exercise
even today. In this paper, we consider the (2+1)-dimensional Maccari equation [11].
The (2+1)-dimensional Maccari equation has been investigated earlier and its exact solutions have been identified [12, 13]. Recently, the (2+1)-dimensional Maccari
equation has been investigated and rogue wave solutions were found by employing
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the Hirota bilinear method [14].
We have applied the Truncted Painlevé Approach (TPA) to obtain localized solutions of Maccari equation. Earlier, the TPA developed by Radha et al. has been
exploited to generate solutions of LSRI equation [15], coupled LSRI equation [16],
KdV equation, NNV equation [17] and AKNS equation [18]. Eventhough the TPA
looks quite identical to the Singular Manifold Method (SMM) developed by Estévez
et al. [19–22], it differs from the SMM in the sense that it directly exploits the results
of singular structure analysis to generate solutions without constructing the associated linear eigenvalue problem. Using this method, we convert the Maccari equation
into a multilinear equation in terms of the non-characteristic singular manifold. This
multilinear equation can be solved in terms of lower dimensional arbitrary functions
of space and time and one can express the field variable in terms of lower dimensional arbitrary functions of space and time in closed form. By manupulating the
arbitrary functions suitably, we have generated dromions, rogue waves [23–31], stationary rogue waves, lump [32], and compactons [33, 34].
This paper is organized as follows. In Sec. 2, we show, how the (2 + 1)dimensional Maccari equation can be solved using the TPA and the solution is obtained in terms of lower dimensional arbitrary functions. Section 3 is devoted to the
construction of localized excitations by suitably harnessing the arbitrary functions.
Finally in Sec. 4, we summarize our results.
2. TRUNCATED PAINLEVÉ APPROACH

We now consider the (2+1)-dimensional Maccari system of the following form,
iAt + Axx + LA = 0,

(1)

iBt + Bxx + LB = 0,

(2)

Ly = (AA∗ + BB ∗ )x .

(3)

Letting,
A = p, A∗ = q, B = r, B ∗ = s, Eq. (1) can be rewritten as,
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ipt + pxx + Lp = 0,

(4)

−iqt + qxx + Lq = 0,

(5)

irt + rxx + Lr = 0,

(6)
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−ist + sxx + Ls = 0,

3

(7)

Ly = (pq)x + (rs)x .
(8)
By truncating the Laurent series of the solutions of Eqs. (4) - (8) at the constant
level term, one obtains the following Bäcklund transformation,
p=

p0
q0
r0
s0
L0 L1
+ p1 , q = + q1 , r = + r1 , s = + s1 , L = 2 +
+ L2 .
φ
φ
φ
φ
φ
φ

(9)

Assuming the following seed solution: p1 = q1 = r1 = s1 = 0,
L2 = L2 (x, t),

(10)

we now substitute Eq. (9) with the above seed solution given by Eq. (10) into Eqs.
(4) - (8) and collect the coefficients of (φ−3 , φ−3 , φ−3 , φ−3 , φ−3 ), to obtain,
2p0 φ2x + L0 p0 = 0,

(11)

2q0 φ2x + L0 q0 = 0,

(12)

2r0 φ2x + L0 r0 = 0,

(13)

2s0 φ2x + L0 s0 = 0,

(14)

2(p0 q0 φx + r0 s0 φx − L0 φy ) = 0.
By solving Eqs. (11) - (15), we get,
L0 = −2φ2x

(15)
(16)

and
p0 q0 + r0 s0 = −2φx φy .
Collecting the coefficients of (φ−2 , φ−2 , φ−2 , φ−2 , φ−2 ), we get
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(17)

−ip0 φt − 2p0x φx − p0 φxx + L1 p0 = 0,

(18)

iq0 φt − 2q0x φx − q0 φxx + L1 q0 = 0,

(19)

−ir0 φt − 2r0x φxx − r0 φxx + L1 r0 = 0,

(20)

is0 φy − 2s0x φx − s0 φxx + L1 s0 = 0,

(21)
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L0y − L1 φy = (p0 q0 + r0 s0 )x .
Using Eqs. (16) and (17) in Eq. (22), we get,
L1 = 2

(22)

(φxx φy − φxy φx )
.
φy

(23)

Using Eq. (23) in Eqs. (18) - (21), the variables p0 , q0 , r0 , and s0 can be solved as


Z −iφ + φ − 2φx φxy
t
xx
1
φy
p0 = F1 (y) exp 
dx ,
(24)
2
φx

q0 = F1 (y) exp 

r0 = F2 (y) exp 

2φx φxy
Z
1 iφt + φxx − φy

2

φx


dx ,

2φx φxy
Z
1 −iφt + φxx − φy

(25)



dx ,
2
φx


Z iφ + φ − 2φx φxy
t
xx
1
φy
dx ,
s0 = F2 (y) exp 
2
φx

(26)

(27)

where F1 (y) and F2 (y) are lower dimensional arbitrary functions of y, Again, collecting the coefficients of (φ−1 , φ−1 , φ−1 , φ−1 , φ−1 ), we have
ip0t + p0xx + L2 p0 = 0,

(28)

−iq0t + q0xx + L2 p0 = 0,

(29)

ir0t + r0xx + L2 r0 = 0,

(30)

−is0t + s0xx + L2 s0 = 0,

(31)

L1y = 0.
Using Eq. (23) in Eq. (32), we obtain the following trilinear form,
φxxy φ2y + φx φxy φyy − φ2xy φy − φx φxyy φy = 0.

(32)
(33)

The above trilinear equation can be solved as,
φ = φ1 (x) + φ2 (t),

(34)

where φ1 (x)and φ2 (t) are arbitrary functions.
http://www.infim.ro/rrp
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Using Eqs. (24) - (27) and (34) in Eq. (17), we obtain the condition
F2 (y) = iF1 (y).

(35)

Collecting the coefficients of (φ0 , φ0 , φ0 , φ0 , φ0 ) we have,
L2y = 0.

(36)

Making use of Eq. (34) in Eqs. (24) and (25), one can check the consistency of Eqs.
(28) - (31) and hence using Eq. (36), L2 can be solved as,
Z
1 −φ2tt
φ1xxx φ22t + φ21xx
L2 =
dx −
+
.
(37)
2
φ1x
2φ1x
4φ21x
Using Eqs. (16), (23), (24) - (27), (34), (35), and (37) in Eq.(9), the solution of
the (2+1)-dimensional Maccari equation can be written in closed form
h R
i
+φ1xx
F1 (y) exp 12 −iφ2tφ1x
dx
,
(38)
A=
φ1 (x) + φ2 (t)
h R
i
+φ1xx
iF1 (y) exp 21 −iφ2tφ1x
dx
B=
,
(39)
φ1 (x) + φ2 (t)
φ2tt
φ1xxx φ22t + φ21xx
.
dx −
+
φ1x
2φ1x
4φ21x
(40)
The squared magnatitude of Eqs. (38) and (39) takes the form
L=

−2φ21x
2φ1xx
1
+
−
(φ1 (x) + φ2 (t))2 (φ1 (x) + φ2 (t)) 2

|A|2 =

Z

F12 φ1x
,
(φ1 (x) + φ2 (t))2

(41)

−F12 φ1x
.
(42)
(φ1 (x) + φ2 (t))2
The unique feature of the solutions represented by Eqs. (41) and (42) is that
the singular manifold is independent of space variable. This complete seperation of
space and time variables has never been encountered in any of the (2+1)-dimensional
nonlinear partial differential equations (PDEs) [15–18].
|B|2 =

3. LOCALIZED SOLUTIONS OF THE (2+1) DIMENSIONAL MACCARI EQUATION
3.1. DROMION SOLUTION

To generate (1,1) dromion solutions, we choose φ1 (x) = a2 tanh(b2 x + e2 ) +
g2 ; φ2 (t) = a4 tanh(d4 t + e4 ) + g4 ; F1 (y) = a1 sech(d1 y + e1 ) + g1 . The snapshots
http://www.infim.ro/rrp
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Fig. 1 – (1,1) bright (a - c) and dark (d - f) dromions for the parametric choice a1 = 1; a2 = 1; a4 = 1;
b2 = 1; d1 = 4; d4 = 0.1; e1 = 0; e2 = 0; e4 = 0; g1 = 0; g2 = 0; g4 = 3, at t = -10, 0, and 10.

http://www.infim.ro/rrp

submitted to Romanian Reports in Physics

ISSN: 1221-1451

(c) 2017Elusive
RRP Noninteracting Localized Solutions of (2+1)-Dimensional Maccari Equation

7

of dromions are shown in Fig. 1. We observe that the amplitude of dromions alone
changes without any evolution in space.
One can construct multidromions by considering more than one bound states
in φ1 (x) and F1 (y). To generate (2,1) dromion solutions, we choose
φ1 (x) = a2 tanh(b2 x + e2 ) + a6 tanh(10x + 7) + g2 + g5 ;
φ2 (t) = a4 tanh(d4 t + e4 ) + a7 tanh(10t + 9) + g4 + g6 ;
F1 (y) = a1 sech(d1 y + e1 ) + a5 sech(8y + 5) + g1 + g3 .
The snapshots of (2,1) dromions are shown in Fig. 2. From Fig. 2, it is obvious
that the dromions do not interact with each other and the noninteracting nature of
dromions is reminiscent of what had been already observed in Mel’nikov equation
[35]
3.2. ROGUE WAVE SOLUTION

To generate the rogue wave solutions, we select the arbitrary functions φ1 (x),
φ2 (t), and F1 (y) as
φ1 (x) =

cx
(1 + t)2
c
;
φ
(t)
=
; F1 (y) =
.
2
2
2
2
(1 + αx )
4γ
(1 + βy 2 )2

Figure 3 portrays the nature of rogue wave solutions. Again, the rogue waves do not
move in space and their amplitude alone varies with time.
To generate the multi-rogue wave solutions, we choose φ1 (x), φ2 (t), and F1 (y)
as
cp2 x
cp1 x
3+t2
φ1 (x) = (1+2(x−4)
2 )2 + (1+αx2 )2 ; φ2 (t) = 4γ 2 ;
a2 c
ca1
F1 (y) = (1+(y−4)
2 )2 + (1+βy 2 )2 .
The profile of four-rogue waves is shown in Fig. 4. Again, one observes that
the amplitude grows or decays with time without any interaction between the waves.
3.3. STATIONARY ROGUE WAVES

By selecting the arbitrary functions φ1 (x), φ2 (t), and F1 (y) as
φ1 (x) =

cx
1
c
; φ2 (t) = 2 ; F1 (y) =
(1 + αx2 )2
4γ
(1 + βy 2 )2

one obtains stationary rogues as shown in Fig. 5.
The choice of φ1 (x), φ2 (t), and F1 (y) as
φ1 (x) =

cx
1
1
; φ2 (t) = 2 ; F1 (y) = c +
2
1 + αx
4γ
(1 + βy 2 )2

yields a different structure of rogue wave whose amplitude stays constant as shown
in Fig. 6.
http://www.infim.ro/rrp
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Fig. 2 – (2,1) bright (a - c) and dark (d - f) (2,1) dromions for the parametric choice a1 = 1; a2 = 1;
a4 = 1; a5 = 1; a6 = 1; a7 = 0; b2 = 1; d1 = 4; d4 = 4; e1 = 0; e2 = 0; e4 = 0; g1 = 0; g2 = 0;
g3 = 0; g4 = 10; g5 = 0; g6 = 10; g7 = 0, at t = -10, 0, and 10.
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Fig. 3 – The profiles of the bright (a - c) and dark (d - f) rogue waves for the parametric choice
α = 0.6; β = 0.2; γ = 0.05; c = 25, at t = -2, 0, and 2

http://www.infim.ro/rrp
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Fig. 4 – Multi-rogue waves for the parametric choice α = 0.6; β = 0.2; γ = 0.05; c=25; a1 = 1;
a2 = 1; p1 = 1; p1 = 2, at t = -2, 0, and 2.

3.4. LUMP SOLUTION

Choosing the arbitrary functions φ1 (x), φ2 (t), and F1 (y) as

φ1 (x) = 1 +

m1
m2
m3
; φ2 (t) = 1 +
; F1 (y) = 1 +
1 + αx2
1 + βt2
1 + γy 2

one obtains lump solutions shown in Figs. 7 (a - c). Eventhough the amplitude seems
to vary with time initially, it gets stabilized thereafter as it is evident from the contour
plots shown in Figs. 7 (d - f).
http://www.infim.ro/rrp
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Fig. 5 – Stationary bright (a) and dark (b) rogue waves with the parametric choice α = 0.6; β = 0.2;
γ = 0.05; c = 25.

Fig. 6 – Stationary bright (a) and dark (b) rogue waves for the parametric choice α = 0.6; β = 0.2;
γ = 0.05; c = 2.
3.5. COMPACTONS

To generate the compactons, we choose the arbitrary functions φ1 (x), φ2 (t),
and F1 (y) as


0, x ≤ −π/2
φ1 (x) =
(43a)
sin(x), −π/2 < x ≤ π/2


0, x > π/2


0, y ≤ −π/2
F 1(y) =
(43b)
cos(y), −π/2 < y ≤ π/2


0, y > π/2
φ2 (t) = t2 .
http://www.infim.ro/rrp
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Fig. 7 – The profile of lumps (a - c) with corresponding contour plots (d - f) for the parametric choice
α = 0.4; β = 0.4; γ = 0.5; m1 = 5; m2 = 5; m3 = 50, at t = −2, t = 0, and t = 2.
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Fig. 8 – Lumps with reversal of amplitude for the parametric choice of α = 0.4; β = 0.4; γ = 0.5;
m1 = 5; m2 = 5; m3 = 50 at t = −2, t = 0, and t = 2.
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Fig. 9 – Bright (a - c) and dark (d - f) compactons at t = −2, t = 0, and t = 2.
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The snapshots of compactons at different intervals of time (Fig. 9) shows the static
nature of the solutions with a variation of amplitude during time evolution.
4. CONCLUSION

In this paper, we have investigated the (2+1)-dimensional Maccari equation using the Truncated Painlevé Approach. We have then obtained the localized solutions
in terms of lower dimensional arbitrary functions of space and time. The unique feature of the obtained solutions is that the involved arbitrary functions are completely
separated in the variables x, y, and t. It is also interesting to note that the arbitrary
manifold is independent of space variable y. The fact that there exists a separate
arbitrary function of time means that the localized solutions always remain stationary, without evolving in space. Using some arbitrary functions, we have constructed
localized solutions like dromions, rogue waves, stationary rogue waves, lumps, and
compactons. We have also observed that the generated localized solutions were found
to be noninteracting.
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