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Our aim in this paper is to determine rogue-wave solutions for Maccari-system. We also construct multi-waves,
homoclinic breathers, M-shaped rational and periodic cross kink solutions with the combination of exponential,
rational, trigonometric functions and various bilinear forms. We will also draw graphical structures of our
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newly attained results and explain their physique.

Introduction

Rogue or killer or freak waves with heights, transcend about 18.3
m, are famous nonlinear waves that are capable to produced giant
damages even for gigantic ships. They are much bigger as compared
with normal waves for a given sea phase. Now rogue waves are treated
as remarkable and distressing water waves. His existence in the scien-
tific community has been acknowledged since 1995 when a freak wave
raged on the Draupner oil platform in the North Sea. It was recorded
with a maximum wave height of 25.6 meter with a peak top of 18.5
meters [1-5]. After a lot of experimental work, there is no harmony
when and how rogue waves appear. They are still unpredictable and
nowhere to be seen and disappear without a trace [6].

In this scenario, many papers considered the so-called Peregrine or
breather solitons with an isolated high peak. They are called breathers
because they grow first and then disappear [7]. They are somehow
compatible with the behavior of rogue waves, but theory and experi-
ment have yielded opposite results. Different approaches are used to in-
vestigate the solitary wave solutions such as, lie-symmetry method [8],
F- expansion scheme [9], projective Riccati equation technique [10],
exp(—@(&)) -expansion scheme [11], exp((—y’ /yw)n) -expansion approach
[12], Weierstrass elliptic-function approach [13], homogeneous bal-
ance technique [14], nonlinear wave solutions are systematically an-
alyzed [15-24] and many others [25-30].
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The Maccari-system, which Maccari derived from the reduction
scheme based on spatio-temporal resealing in 1996, is a nonlinear
system model that allows nonlinear vibrations of (2 + 1) dimensions
not only in water waves but also in many other fields, like Environ-
mental physics, plasma, Bose-Einstein condensate, superconductivity,
nonlinear optics and so on [31-41]. Here, we consider Maccari-system
as [42],

ir,+rg, +rs=0, (€D)]
s+ s, + (), =0.
Our aim in this paper is to determine rogue waves, multi-waves, homo-

clinic breathers, M-shaped rational, and periodic cross kink solutions
for Maccari-system.

Rogue wave solutions

To transform Eq. (1) we use the following rational function alter-
ation [43],

pexpliat)g
= —

7 R s=2(Inf),, — a. (2)
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Bilinear forms,

21 8x +ig(fy +ify) + f(ag — iggy,) =0,

— B o+ 2f\ fe+ B f88 = [ QS Sy + 2 fay + [y S )

QL= [ o)+ [ ot + S faxy =0 3)
For rogue wave solution, we use the hypotheses as [44],

=92+ %92 + g+ ny cosh(?), g =P2 + %% + ey +nycosh(().  (4)

where P, = ex + e,y + ezt + ey, P = esx + egy + est + eg and
¢ =d,x+d,y+dst all are actual parameters to be set up. Then, inserting
f and g into Eq. (3), and get all coefficients of x, y, t, cosh(¢) and
sinh(¢). After that we get a system of equations, then by solving them
we achieved the following results:

Set I. When e5 = eg = 0, we get the following nonzero solutions:

1 5 2id e (ny + ny)
==d;,p=p,d=d;,dy =dy,dy = ———=—
a=dj B=p.d =d,dy=dy ds eyt — 1)
e| =ej, e, =leg, ey =ey,e5 = €, (5)

eg = eg, ey = ey, =N,y =Ny,
and

2 2 2,2

1 —d]d3n1 +pniny, — p ny

a:a,ﬁ=[3,d1:d|,d2:—— )

3 dinj

5

dy =dy, ey = ieg,e3 = ieq,eq = eg,
e =eq,e9 = eg, ey = €),N| =Nj,Hy =Ny,

By using these Parameters into Eq. (4), and then using the transforma-
tion Eq. (2) we get the following solutions Eq. (6a) is given in Box I,
and

Be' (e + n, cosh(dst + dyx + Lo+ malry iy d’}n%gﬁ;n::(nr"')y))

r(x,y,t) = 1 s (6b)
2

s(x, 3,0

2ae] + an? — 4d3n? + 4(a — d}) A, + an? cosh(3 (3d, x + W +d;(3t +))

2(Ay)?

. 2, . .
where A| = e9+e§y2+(e4+e1x+ze6y)2+n1 cos(% —id|x—id,y),
Q = W —idyx — idyy and A, = ey + n, cosh(dst + d;x +

4\ =
(dla3n§+ﬂ2nz<nz—n1»y)
3dn? '

Set II. When e, = ¢¢ = 0, we get the following nonzero solutions:

1 2 . .
a= Edl,ﬁ=ﬂ,d1 =d|,dy, =d,,dy =d3,e| =ies,e5 =ieq,
es = e5,e7 = e7,eg = €g,€9 = €g, @
ey = eq,n| =Ny, Ny = Ny,
and
1—d1d3n2+ﬂ2n1n2—ﬂ2n2
1 2
a=a,ﬁ=ﬂ’d1 =d1,d2=—— 3
3 din

,d3 = d3,

e, =e),e; =e3,e5=e5,e7 = ey,
eg = eg,eq = €9, N| = Ny, Ny = Ny.

Using parameters from Eq. (7) into Eq. (4), and then using the transfor-
mation Eq. (2) to get the following solutions Eq. (8a) is given in Box II,
and Eq. (8b) is given in Box IIl where 4; = eé + eg + 2eg(eqt + esx) +
ny cosh(dst+d, x+d,y), A = eq+(eg + et +e5x)” + (e5t +e,y)* +n, cosh()
(dyd3ni+p2my(ny=n1))y

and Q =dst +d;x+ 0

Multi-waves solutions

For this purpose, first of all we convert our system into an ODE, for
this we use the following transformations [42],

r(x,y,t) = R(n)ei¢, s(x, y,t) = S(), n=x+y+et, ¢=bx+cy+dt.

)]
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Using this transformation into Eq. (1) we get,
R’ —(d+b)R+RS =0, 10
(e+1)S"+2RR" =0.

Integrating 2nd eq. in Eq. (10) and ignoring the integration constant,
we get,

—(e+1)S = R%. 11
Using Eq. (11) into the 1st eq. of Eq. (10) and integrating, we get,
(e+ DHR" —(e+1)(d - b)HR-R> =0. 12)

where R is a function of 5. To convert Eq. (12) into bilinear form we
use the log transformation R = 2(In p),, now Eq. (12) becomes,

2(e = 1)p) = 3(e + Dppypyy + (e + Dp*(B” = d)py, + pyyy) = 0. 13)
Now, to attain multi-wave solutions we used p as following [45],
p = mgcosh(a,n + a) + my cos(asn + a,) + m, cosh(asy + ag), a4

where ¢;(1 <i < 6) and m]s all are real parameters to be investigated.
Substituting Eq. (14) into Eq. (13) via allegorical calculation and com-
puting all coefficients of sinh(a;n + a,) and sinh(asn + ag), cos(azn + ay),
cosh(an+a,), cosh(asn+ag), sin(azn+ay), then we get an algebraic system
of equations. After solving equations, we obtain some parametric values
as:

Set I. For a, =0,

b=bc=c,d= —Za§+b2,e= 1,a; = —as,a3 = ias,a; = ay,
(15)
as = as,ag = ag, My = Mgy, My = My, My = my.

By using these Parameters into Eq. (14), and then by using R = 2(In p),,,
to get the required sol. for Eq. (12),

R(p) = 2as(—imy sin(ay + iasn) + my sinh(asn) + m, sinh(ag + asn)) a6)
m= m, cos(ay + iasn) + mg cosh(asn) + m, cosh(ag + asn)

Using Egs. (16) and (11), into Eq. (9) to get required multi waves
solution for Eq. (1),

r(x, y,1)
2ase“(’2"§’J'bz’“’"“")(—l'ml sin(ay + ias(t + x + y)) + 4)
- m, cos(ay + ias(t + x + ) + m cosh(as(t + x + y)) + m, cosh(ag + as(t + x + y))’
a7

s(x, y,1)
2(12(—t‘ml sin(a, + ias(t + x + y)) + 4)*

- my cos(ay + ias(t + x + y)) + mg cosh(as(t + x + y)) + m, cosh(ag + as(t + x + y)) :

where 4 = m sinh(as(t + x + y)) + m, sinh(ag + as(t + x + y)).
Set II. For a5 = a3 =0,

22
b:b,c:c,d:—a1 +b%e=e,a =ay,a, =ay,a4 = ay,a = ag,
18)
my = my,my = my,my = my.

By using Eq. (18) into Eq. (14), and then by using R = 2(Inp),, to get
the required sol. for Eq. (12),

2a,my sinh(a, + an)

R(n) = (19)

my cos(ay) + my cosh(ag) + mg cosh(ay + a;n)’
Using Egs. (19) and (11), into Eq. (9) to get required multi waves
solution for Eq. (1),

(a2 ah?
2a,THPIHIFN py Ginh(ay + ay (et + x + 1))

(20)

r('x’ y’ t) = bl
my cos(ay) + my cosh(ag) + my cosh(a, + aj(et + x + y))

s(x, 3, 1)
4afmg sinh(a, + a;(et + x + )2

o (1 + e)(m; cos(ay) + m, cosh(ag) + my cosh(a, + a, (et + x + y)))? ’
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n
B4 (e + (e4 + €, %)(ey + €)X + 2iegy) + 1y COS(W —idx — idyY))
r(x, 1) = " — : (62)
1
—(d, A} +4(A, 22 + d2n, cos(% —id,x — idyy)) — (2e,(ey + €, x + iegy) + idyn; sin(2))?)
s(x, y, 1) = >
(e 204, 2
Box L.
2
Be 1 (e + egleg + 2eqt + 2e5x) + ny cosh(dst + dy x + d,))
r(x,y,1) = A ) (8a)
1
oD —(d A))? + 4(—4elel + dnd + dln (€] + eg + 2eg(egt + esx)) cosh(dst + d i x + dyy) — 4d esegn; sinh(dst + d i x + d,y))
s(x,y, = N
Y 2(4,)?
Box IIL
; dydyn?+§2ny(ny—
Pe'™((eg + eqt + esx)? + (e5t + ey)? + ny cosh(dst + dyx + Gy +0 )y 3n1+3ﬂd n22(n2 n]))y))
n
r(x,y,1) = i il : (8b)
did 2442 _
—ad? +2(4(2¢2 + d2ny cosh(dyt +dyx + W)) — Qes(eg + st + esx) + dyny sinh(2)))
s(x, p,1) = ‘
g @y
Box IIL
Homoclinic breather approach where 4 = —1+¢a0+2iasa1(+x+) | 4jeidsa1 (+x+)m, sin(q, (ag+as(t+x+))).
Set II. For a; = a3 =0,
For breather solution, we use the following form [45], s 2 s
b=b,c=c,d =b"—azq;,e =e,ay = ay,as = as,as = ag,
541 (25)

p = e~ d@nta) 4y od(asm+as) 4o cos (91 (asn +ag)) 21

where my, m,, ¢, q;, and alfs all are real constants to be investigate.
Inserting p into Eq. (13) via computational Mathematica and com-
puting the coefficients of 9@+, sin(q,(ag + asn)), cos(q;(ag + asn)),
e?(aa+a3m gin(q, (ag +asn)), e 9@ ra+a@tasn) cos(q, (ag +asn)), cos(q; (ag+
asn)) sin(q, (a¢ + asn)), then we get a system of equations. After solving
the system of equations, we attain some parametric values:

Set I. For a, =0,

iqya
b:b,c:c,d:b2+2a§qf,e:l,a]: k! S,a = —
q

ay = ay,as = as, a5 = 45,4 = 4,4 = qi, (22)

my = my,my, =my.

By using these Parameters into Eq. (21), to get the required sol. for
Eq. (12) by using R = 2(In p),,

2iasq (=1 + e%a+2iasany, 4 jeidsdim, sin(q, (ag + asn)))

- - (23)
1 + e®a+2asainm, + elasd1m, cos(q, (ag + asn))

R =
By using Egs. (23), (9) and (11) to get required breather solution for
Eq. (1),

r(x,y,1)

2ia5 ei(b21+2¢7§qlzt+bx+cy)ql (4)
T 1 4 e+ 2as A 4 elasa++) my cos(q, (ag + as(t + x + )
s(x,p,1)

(24

2.2 2
2a5q;(4)

= (1 T ea4q+2ia5q1(t+x+y)ml + eia5ql(t+x+y)m2 cos(ql(a(J + 05(1 x4+ y))))z .

q=4q,q) =q,m; =my,my =m.

By using these Parameters into Eq. (21), to get the required sol. for
Eq. (12) by using R = 2(In p),,,

2asm,qy sin(q (ag + asn))

. (26)
1 + e%9m + m, cos(q, (ag + asn))

R =

By using Egs. (26), (9) and (11) to get required breather solution for
Eq. (1),
2a5ei(bztfagqlz’“x””mqu sin(q; (ag + as(et + x + »)))

r(x,y,t) =— B
(x.7.1) 1 4 e%9m; 4+ m, cos(q (ag + as(et + x + y)))

4am2q? sin(q, (ag + as(et + x + y)))?

27)

) =— .
$(60.1) (1 + e)(1 + e%m; + m, cos(q, (ag + as(et + x + y))))?

M-shaped rational solitons

For this, we make a positive quadratic solution p as following [46],

p=(an+ a2)2 + (azn + a4)2 + as, (28)

where g,(1 <i <5), are all real parameters to be set up. Putting p into
Eq. (13) and comparing all coefficients of power 7, to obtain suitable
results as following:

Set L. For a5 = 0, the nonzero parameters are,

—6a§+a§b2 1
b=bc=cd=——"7"—,e=-,a, =ay,a3 = a;. (29)
a% 7
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Fig. 1. Graphs of r(x,y,?) in Eq. (6a) at f=1,ey = —6,¢; = 1,e, =20,e5 = —2,¢9 =8,n, =5,n, = 1.2,d, = 10,d, = 5 successively.
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Fig. 2. Contour graphs of Fig. 1 respectively.
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¥
-lu-j 0 5

(e)x=1

Fig. 3. Graphs of s(x,y,1) in Eq. (8b) at a =—-0.3,§=0.8,e, = —1,e;3 =5,e5 =3,¢; =2,¢5 = l,eg = 0.09,n; =2.5,n, = 0.08,d, = 16,d; = —3 successively.

Fig. 4. Contour plots of Fig. 3 respectively.
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Fig. 7. 3D, 2D and contour plot of r(x,y,t) in Eq. (20) at 5=0.9,¢ =0.8,e=1,a, =2,a, = —10,a, = —1,a5 = 9,my =2.3,m; =2.9,m, = 2,y = 0.5 respectively.

By using these Parameters into Eq. (28), to get the required sol. for

Eq. (12) by using R = 2(In p),,, (~6a2+a2i2y
i(—2+bx+cy) :
4a§11 ( ) 4a32e a3 G+x+y) 1
R(p) = ———. 30 r(x,y,1) = >
W= Zran G0 B+ x P
: . : 14a2(t + x +y)?
By using Egs. (30), (9) and (11) to get required M-shaped solution for sy, 1) = — 3%7 Y
Eq. (1), e (@ +a(L +x+yP2)2
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Fig. 10. 3D, 2D and contour plot of s(x,y,r) in Eq. (24) at a, = —=2,a5 = —1,a5 = 5,m; = 0.6,m, = 1.5,4 = 0.9, ¢, = 0.8,1 = 0.3 successively.

Set II. For a4 =0,
2.2
aa
273 (32)

b=b,c=c,d=b2,e=7,a1 =ay,a, =a,,a3 = 43,05 = —

a+a
By using Eq. (32) into Eq. (28), to get the required rational sol. for
Eq. (12) by using R = 2(In p),,

2., 2
4(a; +a3)

R = (33)

aja; + a?n + a%n.

By using Egs. (33), (9) and (11) to get required M-shaped solution for
Eq. (1),

4(&% + a%)ei(b21+bx+cy)
(€D

r(x,y,t) = s
a1a2+af(7t+x+y)+a§(7t+x+y)

2a} +a3)?

(@@ + (Tt +x+y) + (Tt + x +y)P

s(x, p,1) = —

Periodic cross-kink solutions

For this purpose, we use the following form [47],

p =@ 4 o 4, cos (agn + ay) +my cosh (asy + ag) +a;. (35)
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Fig. 12. 3D, 2D and contour plot of s(x,y,7) in Eq. (27) at e =3,a, =0.5,a5 = 1.2,a5 = =1,m; =0.8,m, =0.3,4 = 1,q; = —1.8,x = 0.2 successively.

-1.0 -0.5 0.0 0.5 1.0

Fig. 13. 3D, 2D and contour plot of r(x, y,r) in Eq. (31) at b=4,¢ =0.01,a, = —=0.1,a; = 0.1,y = 0.1 respectively.

Here a;(1 < i < 7), m;, my and mjs, all are real constants to be we get a system of equations. After solving the system of equations, we
investigate. Inserting p into Eq. (13) via computational Mathematica attain some parametric values:

and computing the coefficients of e(@11+%2), e=(@n+a)  eaintar+2ayn+az)

e~ t2ainta) - cos(azn + ay), sin(azn + ay)sinh(asn + ag), cos(azn + Set L.

ay) cosh(asn+ag), e~11~2+2aM+@) cos(asn+ay), e~ 1= +2@1+0) sin(a,n+

ay), e~ 2+AQTD) cog(ayn + ay) cosh(asy + ag), cos(azn + ay) cosh(asy + b=bc=c,d= —20§ +b%e=1,a; = as,a; = a5, a3 = ias,

. gD . .
ag) sinh(asn + ag), and e~ 2+21+@) gin(azn + a4) sinh(asn + ag), then a4 = a4,a5 = as, ag = ag, (36)

a; = O,m] =mp, My = My, M3 = my.
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Fig. 15. 3D, 2D and contour plot of r(x,y,7) in Eq. (34) at b=5,c¢ =0.01,a; = —0.1,a, = —8,a; = 0.01, y = 0.09 respectively.

By using these Parameters into Eq. (35), to get the required sol. for
Eq. (12) by using R = 2(In p),,,

R

2 (—ase™ @751 + g5 *5m, — iagm, sin(ay + iasn) + asms sinh(ag + asn))

e~ 745l  e®2tasim + m, cos(ay + iasn) + my cosh(ag + asn)

37)

By using Egs. (37), (9) and (11) to get required breather solution for
Eq. (1) Eq. (38) is given in Box IV, where 2 = ag + as5(t + x + y).

Set II.
) ) ) 5a?—3a§
b=b,c=c,d =a; —3a5 +be=———,a, =a;,a, = ay,
2 2
a; —3a
1 5
ay = az,a, = ay,ds = as, (39)
22
1 4795

ag = ag, a7 = a;, m » =0,m3 = mj.

= m
4 (a) — as)(a; + as)
By using these Parameters into Eq. (35), to get the required sol. for

Eq. (12) by using R = 2(In p),,,
alagageaz*'”l”

— —a-an 4 o 1
2 < ae + 4(ay—as)(a; +as)

+ asmjy sinh(ag + a511)>
R =

2aZenatar (40)
—ar—an
a; +e 27N + pros——r— + mj cosh(ag + asn)

By using Egs. (40), (9) and (11) to get required breather solution for
5.2 2
Eq. (1) Eq. (41) is given in Box V, where 2 = g4 +a5(M +x+y).

2_13.2
ay 3(15

Result and discussions

Here, we make a detailed comparison of our attained results with
the earlier work for Maccari-system. Baskonus et al. studied complex
hyperbolic-function solutions for Maccari-system [36]. Demiray et al.
investigated rational, traveling wave, Jacobi elliptic function, peri-
odic and hyperbolic solutions for Maccari-system. [37]. Hafez et al.
found traveling wave solutions for Maccari-system with exp(—¢(¢)) -
expansion scheme [38]. Xu et al. studied N-dark soliton solutions for
coupled Maccari-system [39]. Jiang et al. studied rogue-wave and
two families of homoclinic breather for Maccari-system [40], Maccari
attained rogue-wave solutions for Maccari-system [41]. And we investi-
gated rogue, multi-wave, homoclinic breather, M-shaped rational, and
periodic-kink solutions for Maccari-system.

We can see from Egs. (6) and (8) when A & 4 — oo then both
r and s approaches to zero. Now from Figs. 1 and 3, we can see
the behavior of traveling wave solutions. In Fig. 1(a) we can see a
periodic wave, in 1(b) we see the dark and bright surfaces, in 1(c) we
attained one bright and two dark faces, in 1(d) dark and bright surfaces
appear and, in 1(e) we obtained periodic wave same as of 1(a). Fig. 2
represents the contour structures of Fig. 1 respectively. In Fig. 3(a)
we can see some waves appearing, in 3(b) some non-periodic waves
appear, in 3(c) we have seen a large size bright lump wave appears,
and in 3(d) again show non-periodic waves like as of 3(b), and in
3(e) waves attains their original form as of 3(a). Fig. 4 represents the
contour structures of Fig. 3 respectively. In Fig. 5, we seen M-shaped
periodic wave and multiple dark and bright solutions. In Fig. 6, we seen
multiple dark and bright solutions of equal sizes. In Fig. 7, we obtain
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Fig. 16. 3D, 2D and contour plot of r(x,y,1) in Eq. (38) at b=0.01,¢ =0.5,a, = -0.9,a5 = 3,a5 = 2,m; = 1,my =2,my; = -3,y = 0.1 successively.

; 2 2
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Box IV.
multi M-shaped periodic waves. In Fig. 8, we have seen large multi- type multiple parallel waves. In Fig. 11, we have seen multiple dark
ped p g 8 yp ple p g p

peak waves. In Fig. 9, we obtained a large number of multiple dark and bright solution of equal sizes. In Fig. 12, we have seen M-shaped

and bright solutions. In Fig. 10, we seen a large number of bright lump
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Box V.

periodic having large amplitude waves. In Fig. 13, we have seen M-
shaped periodic waves. In Fig. 14, we seen M-shape solution. In Fig. 15,
we get an M-shaped large-amplitude periodic waves. In Figs. 16-18,
we represents the evolution of kink and periodic wave, and also draw
their contour and 2D plots. In Fig. 16, we obtained multiple bright and
dark solitons with periodic wave for disjoint values of a,. We can see at
a, = 3 the structure completely turned into a periodic wave. In Fig. 17,
a strong periodic wave and multiple bright and dark solitons appear for

11

solution set r. Fig. 18 represents the solution set s at different values of
a, respectively.

Concluding remarks

In this article, we studied some earlier researcher’s work and in-
vestigates some new results. Our aim for this paper was to obtained
rogue, multi-waves, breathers, M -shaped rational solitons and periodic
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Fig. 18. 3D, 2D and contour plot of s(x,y,r) in Eq. (41) at a, = 2,a5 =4,a, = —3,a; = 8,m; = —1,y = 1 successively.

cross kink solutions for Maccari-system. For this we used rational and
traveling wave transformations and distinct bilinear forms and also set
up their 3D, 2D and contour structures. These forms provide us better
and powerful scientific tools for solving nonlinear systems.
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