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Abstract An extended evolution equation is studied by means of Hirota bilinear method in this article, and it is gained from local
Cartesian coordinate system of the basic equation group by applying scaling analysis and perturbation expansions. Firstly, the
equation is transformed into Hirota form by variable transformation. Secondly, based on Hirota equation, we obtained the soliton,
breather, rogue wave and interaction solutions of the equation. At last, figures of these solutions and the interaction of wave-wave
are showed by choosing appropriate parameters. The effects of the horizontal Coriolis parameter on the soliton, breather, rogue
wave, interaction solutions are conducted. We believe that the results have significant impaction in ocean dynamics.

1 Introduction
Studied here, we focus on the Eq. (3) in reference [1], which is a mesoscale ocean model that takes into account complete Cori-

olis parameters, other factors such as dissipation, topography, adiabatic heating are not considered. In this document, the mass
conservation equation and the momentum equation can be written as follows:

Grafi By =GB STy,
I

aa““a%ﬂaﬁhﬁ =Gt eiy S (1)
8t +°‘ax +:3()y +7/dd1/20 =0,

d(gga) + 3(31(;/3) + a(ggy) —0.

where x is the zonal coordinate, and « is the zonal velocity; y is the meridional coordinate, and § is the meridional velocity; z
is the vertical coordinate, and y is the vertical velocity. In the whole ambient flow field, dy represents density and v represents
potential temperature, respectively, they are functions of z, and the temperature stratification is expressed as dAp Y represents the
perturbation of temperature. The symbol f, f, respectively, denote the vertical component and horizontal component. The physical
meanings of other symbols are in the literature [1]. An extended KdV equation is gained as model to evolve equatorial near-inertial
waves via perturbation expansions and the multiple scale method, as follows:
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Equation (2) can be reduced to:

dF 3F  ®F  3F

—+a F— +ay— +az3— = 0. 3)

oT & 0g3 o0&
where a; = %, ap = %, az = % One key coefficient a3 represents the horizontal component of Coriolis parameters, a3 took effect
by controlling the velocity feature of the near-inertial waves. In the reference [1], the Eq. (3) was solved by applying Jacobian elliptic
function expansions; periodic and soliton solutions are obtained. Apparently, we need more meaningful exact solutions which are
not available; the horizontal Coriolis parameter effects on solitons, breathers, rogue wave and interactions have not discussed.

Actually, exact solutions of nonlinear equations have an important role in many fields, like mechanics [2], plasma physics [3,
4], optics [5], acoustics [6], thermodynamics [7]. Many researchers have studied on the exact solutions of the nonlinear equations,
counting in solitons [8—11], breathers [12—-19], and rouge [20-22]. Breathers are local wave solutions with period, non-mediocre
properties caused by collision reaction of breathers, so breathers are often used to explain the modulation instability and the generation
of rouge waves [23]. Rouge solution is one of rational function solution with local characteristics of space—time; it shows up in a
short period, large amplitude, extremely destructive. It suddenly appears and disappears, and the crest is extremely steep, posing
a great threat to ships in the sea [24]. Many researchers also focus on interaction solutions between soliton and other solutions
[25-29]. To explain some physical phenomena further, we need to construct interaction solutions among nonlinear waves.

There have many ways to get the exact solutions of nonlinear extended equations, for instance, the Hirota bilinear method
[30-35], inverse scattering transformation [36—38], symbolic computation approach [39-41], Lie group method [42—44], Darboux
transformation [45—47], Bécklund transformation [48-50], and so on. The Hirota bilinear transformation uses small parameter
perturbation method, and the solution of a series expansion is substituted into the bilinear equation, then compare the coefficients
of the parameters in the equation to the same power, so we can get the specific expressions of the one-soliton, muti-solitons of the
original equation, and the general expressions for the N-soliton can be obtained by mathematical induction. The Hirota bilinear
transformation uses bilinear derivatives as a tool, and this tool has one on one relationship to the equation that is being solved. It is
easy to calculate and has solved a large number of nonlinear partial differential equations effectively [51].

This paper mainly studied following points: Firstly, Hirota bilinear equation of the extended equation is obtained. Secondly, the
N-soliton solutions are gained by using small parameter perturbation, breather, rogue wave, and interaction between one-soliton and
one-breather, interaction between two-soliton and one-rogue that are found by using the symbolic calculation method; the solution
images are given with the help of Mathematica software. Lastly, it can be found that the Rossby waves rotate clockwise with the
Coriolis parameter a3 increasing. when the wave is periodic, the period decreases with the increasing of the horizontal Coriolis
parameters a3. When studying the interaction, we found that a change in a3 does not cause a change in the moment of the interaction.

2 The Hirota bilinear form

Under the following variable transformation:
u = 2(In F)ge. 4

where u = u(¢, T), F = F(&, T), and a; = 6as.
Substituting (4) into (3), the Eq. (3) is transformed into the below Hirota bilinear form:

(D¢ Dy +ay D +a3D})F - F = 0. )
Then, there:

DeDrF - F =2(Fer F — Fg Fr),
4 2
DSF “F =2(Feeee F — 4Fg Fege + 3F55),
D{F - F = 2(Fg: F — F{). (6)

3 The soliton solutions

Next, we follow the steps of the Hirota bilinear method to get the N-soliton solution of Eq. (3), substituting (6) into (5), we get:
(FETF — Fg Fr)+ az(FggggF - 4F§ Fg‘gg + 3F%.2$) + a3(F§§F - FEZ) =0. (7)
Using bilinear form and small parameter perturbation method suppose:

F=1+eF|+’F+& Fy+&*Fy---. 8)
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substituting (8) into (7) and compare the coefficients of the same power of ¢ to obtain a system of linear differential equations:

e: (00T +ard*e + a39°€) Fy =0,
&2 : 2(0£9T +a20"% + a30°¢ ) F, = —(De Dr + ax D¢ + a3 D) Fy - F,

£ : 2(060T +a29*€ + a30°€) F3 = —=2(De Dr + ay Df + a3 D) Fy - F,

e*: 2(080T +a20%¢ + a30°€) Fy = —(D¢ Dy + az Df + a3 DF)(2F) - F3 + Fy - Fy),

3.1 The one-soliton solution

To solve one-soliton, we suppose:
F=1+eF,Fi=¢"0 =ME+0T +06).

With A1, w; and 010 are arbitrary constants.
Then

F = 1+eeh&raT+]
Substituting (10) into (9.1), we can obtain the following equation:
Aoy + az)ff + d3)\.% =0.
We can get:
w] = —(az)u? +azhy).
Let & = 1 lead to:

F = | + eMé—(@yi+asy)T+6)

and we can get one-soliton solution:
u= 2[111(1 +el\lé—(a2yl3+a3yl)T+6?)]§§.

3.2 The two-soliton solution

To solve two-soliton, we suppose:
F=1+¢F +&Fy, F| =" +e%, F, = /1*02+An,
where 0; = A& +w; T + 91.0 (i =1, 2) with ;, w;,and 91.0 are arbitrary constants.Then,
Fe1lxs 8<ekl.§+w1T+9? " eA2§+w2T+9§) n 826A1§+w1T+9?+A2$+w2T+9§+A12.
substituting (16) into (9.1), we can obtain the following equation:
(klwlee‘ + )szeez) + (12()\‘11691 + )\42‘602) +a3 ()\%60' + )\%692) =0.
we can get:
wj = —(aA} +azk) (i = 1,2).

substituting (16) into (9.2),e12 can be calculated by using Mathematica:

A (M = M) (@1 — @) +aa(h — Ao)? +a3(h1 — 22))
(A1 +22) (1 + w2) + az(A1 +212)° +az(Ay + A2))

let ¢ = 1 lead to:
o, (M1 — )01 — @) +ax(A; — 22)? +az(hy — A2)) 0140,
(A1 + A) (w1 + @2) +as(A1 + X2)3 + az(h +12))

where w; satisfies (19). Substituting (21) into (4), we can get two-soliton:

u= Z[In(l +ell 4 4 691+92+A'2)]

F=1+e"+¢

g
where 6; = i + ;T +00 (i = 1, 2), 0 = —(a22} +a3;) (i =1, 2) and
A 1 =2 (@1 — @)+ ar(hi — 2) +az(h — 1)
(A1 + 22 (@1 + w2) + ax(A1 +212)% + a3(h + 12))

0.1)
9.2)
9.3)
9.4
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(15)
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19)

(20)
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(22)
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3.3 The three-soliton solution

To solve three-soliton, we suppose:

F=1+eF +’F+&°F;, (23)

Fi = e +e? 4%, (24

F = e91+92+A12 + e91+03+A13 + 692+93+A23, (25)
F = 691+92+93+A123. (26)

where 0; = A& +w; T + 91.0 (i =1, 2, 3). Substituting (24) into (9.1), we can obtain:
w;j = —(a\3 + a3k (i = 1,2,3). (27)
substituting (24) and (25) into (9.2), e can be calculated by using Mathematica:

A i =) (@i — w)) +ax(hi — A +az(hi —Aj))
(A ) +as(hi + A3 +az(hi + Aj)

(i=1273,i<}j). (28)

substituting (24), (25) and (26) into (9.3), F3 can be calculated by using Mathematica:
F3 — e91+92+93+A123. (29)

where e4123 = eA12eA13¢423 Jet ¢ = | lead to

6> 63 + e91+92+A12 + e91+93+A13 + e92+03+A23 + 601+02+03+A123. (30)

F=1+e"+e”2 +¢

substituting (30) into (4), we can get three-soliton solution:
u =2[In Flee. 3D

where F satisfies formula (30). Substituting (24), (25) and (26) into (9.4), we can obtain F4 = 0, so the three-soliton solution must
exist, and the N-soliton solution must exist.

3.4 The N-soliton solution

The same can be obtained the N-soliton. The function F has the below formula:

N
20 mili+ D0 piljAij
F — i=1 1<i<j A (32)

n=0,1

where 6; = A&+ ;T +60%G =1,2,3---N), o satisfies 27) i = 1, 2, 3---N) and e?ii satisfies 28) (i = 1, 2, 3--- N,
1 <i < j), with ;,and Glb are arbitrary constants. ) = 0, 1 covers the sum of all possible combinations of 6;, 6; = 0, 11,
j=1,2,3--- N.Putting (32) into (4), we can get N-soliton solution:
N
i0i+ il Aij
u=2|In Ze’g‘ﬂ ‘5’21'”#] ] . (33)
s T

where 0; = A&+ w; T + Oio(i =1,2,3---N),w; satisfies 27) i = 1, 2, 3---N) and edij satisfies 28 @G =1,2,3---N,
1 <i<j).

The Fig. 1 By choosing proper parameters for (15), the dynamic diagrams of one-soliton can be described: A} = 1/2, ay = 1,
(al) a3 = 1/8; (a2) az = 1; (a3) az = 2. From Figures (al), (a2) and (a3), the same values of A and a;, along with a3 increasing,
the direction of wave propagation changes clockwise. Not only that, from the Figure (a4), the wave width of one-soliton solutions
decreases, and the wave propagation frequency accelerates with the Coriolis parameter a3 increasing, but Rossby waves amplitude
does not change. From Figures (a5) illustrate, one-soliton has general traveling wave properties.

The Fig. 2 By choosing proper parameters for (22), the dynamic diagrams of two-soliton can be described: A1 = 1, A, = 3/2,
ay =1, (ab) a3 = —2; (a7)az = —1; (a8) a3 = 7/6. From (a6), (a7) and (a8), the same values of A1, A> and aj, along with a3
increasing, the direction of wave propagation changes clockwise; at same time, the angle gradually decreases. we can clearly see
that the two solitons are bright, and the collisions are elastic. Their speeds and shapes keep no change after collision; two solitons
get phase shifts after the interactions, and as a3 changes, the position of the interaction between solitons does not change. From
(a9), (al0) and (all), different values a3 leads to the big change of density when the two waves collide. From Figures (al2), when
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£=0 1-soliton
u u
— a3=2 r/ﬁ%x — T=0
=] /s\; \'ry — T=5
— a3= / \
a3=1/8 / \ -
/ \
/ \
/ \
/ \
/ \
/ \
\
Wﬂ\
/ F \‘x
'] - n I ~— n 7' : )\'»,,\/ i 6
30 -20 -10 10 20 30 10 50
(ad) (as5)
Fig. 1 One-soliton solutions of Eq. (3). Up row: 3D graphs of one-soliton solutions with A1 = 1/2, ap = 1 (al) az = 1/8; (a2) a3 = 1; (a3) az = 2. Down
row: The left one is the visual diagram of a3 transformation. The right one is the propagation of solitons overtime with a3 = 1
az = —1, we can see that the shape and amplitude of the waves change with the changing of 7. The two solitons take interaction
completely when 7' = 0, the amplitude goes down, which reflects the energy dissipation caused by the interaction of the two solitons.
When T = —5 and T = 5, there are two axisymmetric graphs. From Figure (al3), when & = 0, the shapes of the waves are very
similar, the wave width decreases, and the wave propagation frequency accelerates along a3 increasing; Rossby waves amplitude

does not change. From Figure (al4), when T = 1, the wave keeps its shape and shifts to the left along a3 changing.

In Fig. 3, by choosing proper parameters for (31), the dynamic diagrams of three-soliton can be described: 11 = 2, Ay = 3,
A =3/2, ap =1, (al5) az = —4; (al6)az = —2; (al7) az = 1. From (al5), (al6) and (al7), the same values of A;, A2, A3 and
ay, along with a3 increasing, the direction of wave propagation changes clockwise; at same time, the intersection angle of the three
waves changes. we can see that the three solutions are bright solitons, and the collisions are elastic. Their speeds and shapes keep
no change after collision; three solitons have phase shifts after the interactions, and as a3 changes, the position of the interaction
between solitons does not change. From (al8), (a19) and (a20), different values of the horizontal Coriolis parameter a3 lead to the
large change of contour density when the three waves collide. From Figures (a21), when a3 = —2, we can see that the shape and
amplitude of the waves change with the changing of 7. The three solitons take interaction completely when 7" = 0, amplitude of

waves reaches the maximum value, which reflects the energy accumulation caused by the interaction of the three solitons. From
Figure (a22), when & = 0, the shapes of the waves are very similar, the wave width decreases, and the wave propagation frequency
accelerates along a3 increasing; Rossby waves amplitude does not change. From Figure (a23), when T = 1, the wave keeps its

shape and shifts to the left along a3 changing.

4 The one-breather wave solution
Supporting by the symbolic computation approach, the one-breather wave solution of Eq. (3) is gained, suppose:
(34)

f= e 4 czee1 +c1cos By,

where ) = A1(§ — wT), 6 = Ar(§ + woT), where A1, wy, Ay, wy are real constant.
Substituting (34) into (7) and setting the coefficients of e cos 6y, e~ cos 6y, .
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08
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§=0
u T=1
u
038 — a3=3 — a3=7/6
—— a3=2 08 —— a3=-2
0. —— a3=7/6
—— a3=-1/6
~—" . T ¢
o = T 5 pr= 5 -20 -15 -10 -5 5 10 15 10
(al2) (al3) (ald)

Fig. 2 Two-soliton solutions of Eq. (3). First row: 3D graphs of two-soliton solutions with 11 = 1, 1o = 3/2, ap = 1, (a6) a3 = —2; (a7) a3 = —1; (a8)
a3z = 7/6. Second row is the contour plots. Third row: 2D graphs of two-soliton solutions

%' sin,, e~ sin #, and constant term equal to zero, we get equation group as below:
22(an — 2y _

crj(az — wy +4aA7) =0,

—c1 3wy + wy +4ap?) = 0,

—clczk%(wl +wy + 4a2)»%) =0, (35)

clk%(—2a3 +w; —wp) =0,

clczk%(2a3 —w; +wy) =0.
We select one of the solutions to continue analysis:

w| = a3, wy = —az,ay =0. (36)
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Fig. 3 Three-soliton solutions of Eq. (3). First row: 3D graphs of three-soliton solutions with A1 = 2, Ay = 3, A3 = 3/2, a; = 1, (al5) a3 = —4;(al6)
a3z = —2;(al7) a3 = 1. The second row is the corresponding contour plots. Third row: 2D graphs of three-soliton solutions
Substituting (34) (36) into (4), the one-breather wave solution is obtained:
AeME=asT) 4 oy a2t E=asT) — 132 cos[ho (€ — a3T)]
u =
e ME-a3T) 4 creh1E=a3T) 4 ¢ cos[Ar(E — azT)]
(37

(e MEED 4o hEBD) — oy sinfia(E — aT)])

(eM1E=aT) 4 creh1E=asT) 4 ¢) cos[Aa(E — asT)])

In Fig. 4, by choosing proper parameters for Eq. (37), the dynamic diagrams of one-breather can be described: A1 = A, = 1/10,
c1 = —cy = 2,(d)az = 3; (d2)az = 4; (d3)az = 5. From Figures (d1), (d2) and (d3), the same values of A, A3, c1, ¢2 and a3,
along with a3 increasing, the wave propagation direction changes clockwise and the period of the wave decreases. Figure (d4) is
density plot of one-breather solution. From graph (d5), when a3 = 4, as T increasing, the wave keeps the same shape and moves
parallel to the right. From graph (d6), when T = 3, as the horizontal Coriolis parameter a3 increasing, the wave keeps the same
shape and moves parallel to the right.
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e

(d1) (d2) (d3)
1-breather 1-breather

— T=3
TRA AT w0
(d4) (d5) (d6)

Fig. 4 One-breather of Eq. (3). The 3D graphs with A1 = A, = 1/10, ¢; = —cp = 2,(dl)az = 3;(d2)az = 4;(d3)az = 5. (d4) and (d5) are the density
plots and the 2D graph with a3 = 4; (d6) is the 2D graph with 7' = 3.

5 The interactions of one-soliton and one-breather

Supporting by the symbolic computation approach, the interactions of one-soliton and one-breather of Eq. (3) are gained, suppose:
f = cosh@; +cos 6 + e+ 1, (38)

where 61 = A(§ — w1 T), 6 = A1(E + wrT), 03 = Xa(§ + w3T), A1, wy, Ay, wy, w3 are real constant. Substituting (38) into (7)
and setting the coefficients of e cos 6, e cosh 0], cos 6, cosh 0;, e sin 6, % sinh 0}, sin 6, sinh 6; equal to zero, this results in
a group of six equations:

—azh? — wor? + axh + ashd + w3kl — 640303 + axrf =0,

a3Ad — wiA? + @k} +a3d3 + wikd + 6axA303 +axd =0,

A%(wl +wy + 4a2)»%) =0,

AA3 (2a3 +wy + w3 — 4a2)»% + 4a2)\§) =0,

A3 (—2(13 +w] — w3 — 4a2)»% + 4(12)»%) =0,

A%(2a3 —w; +wy) =0.

(39)

We select one of the solutions to continue analysis:
w; =asz+ azk% + 302)%,
—a3)3 + aph — a3dd + wid3 — 1021322 — 3ax13
2
w3 = —2a3 + w| — 4a2)»% — 402)%. 40)

b}

wy =

Substituting (38) (40) into (4), the interaction of one-soliton and one-breather is obtained:

[ 2336+ T) — 3cos[A1 (& + wyT)] + Afcosh[Xi(E — w; T)]
‘e ( 1423603 T) 4 cos[ng (& + waT)] + coshlhi(E — w T)]
(3eMEHT) — ) ysin[A1 (€ +waT)] + Aysink[A1(§ — wi T)])?
T (14eME T 4 cos[Ag (& + waT)] + coshlhi (€ — wi T)])2 )

(41

where w1, wy, ws satisty (40).
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-0.10

(f4)
1-breather and 1-soliton 1-breather and 1-soliton
u u

-10 -5

(f7) (8)

Fig. 5 The interaction solutions of one-soliton and one-breather of Eq. (3). 3D graphs withA| =2, A3 =1, ap = 1, (f1) a3 = —7;(f2)az = —6;(f3)az = —5.
(f4) (f5) (f6) are density plots. (f7) (f8) are 2D plots.

In Fig. 5, by choosing proper parameters for (41), the dynamic diagrams of the interactions of one-soliton and one-breather can
be described: Ay =2, A3 =1, ap = 1,({1)az = —7; (2)az = —6; (f3)az = —5. From (f1)—(f3), the same values of A1, A3 and a3,
along with a3 increasing, the wave propagation direction changes clockwise and the shape of both waves’ changes. At same time,
the angle between the two waves decreases, and the period decreases. The collision of two waves is inelastic, and they collide and
merge into a wave, eventually forming a Y-type wave. From density Figures (f4) (f5) and (f6), we can clearly see the interaction
of the two waves and notice that the moment of interaction of the two waves does not change with the changing of a3. From 2D
Figures (f7) and (f8), as a3 increases, the waves keep the same shape and move parallel to the right; along T increasing, the shape
and amplitude of wave changes.

6 The one-rogue wave solution

Supporting by the symbolic computation approach, the one-rogue wave solution of Eq. (3) is gained, suppose:

F=(dh&+biT +c1)* + (& +boT +c2)* +co, co > 0. 42)
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03 0.04

02 0.02

0.1

-0.02

-0.1 -0.04

-02 -0.06

-03 -0.08

-04

-0.10
T=0
u
— a3=2 —
=g —— a3=4
— a¥=T —— a3e7

(g6) €-2))

Fig. 6 One-rogue wave of Eq. (3). 3D graphs whend| = 1, dy = 1/2,¢1 = =1, cp = =1, ¢cg = 0,a3 = 1/6, (gl) a3 = 2;(g2) a3 = 4;(g3) a3 = 7.
Contour figures withd) =1, dp =1/2, c; = —1,¢cp = =1, ¢9 =0, ap = 1/6, (g4) a3 = 2;(g5) a3 = 4. g(6) g(7) are 2D graphs of the one-rogue wave.
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1-rogue and 2-soliton

u u

1 — T=-3

1 — T=0

—_— T=
8..
i
4

ProNilPosy
-10 -5 N 5 5

(h7) (h3)

Fig. 7 Interaction solutions of two-soliton and one-rogue of Eq. (3). 3D graphs with A} = 1/2, A, = A3 =2, w1 =1,¢; =1, =1,2,3), p =1,
apy = 1(hl)az = —4; (h2)az = —3; (h3) a3 = —2. (h4) (h5) (h6) are the corresponding density plots. (h7) (h8) are the 2D plots

where dy, d», b1, by, co, c1, ¢z are real constant. Substituting (42) into (7), we assign coefficients T, T2, &, 52, ET be equal to
zero, and this results in a group of six equations:
by (d1 (co — c% + c%) — 201czd2) + bz(—26102d1 +dp(co + c% - c%)) + a3(d12(co — c% + c%)
—dcieadidy +d3(co + i — €3)) + 6ax(df +d3)* = 0,
— 4(bi(c1dr + cada) + by (bacidy — azeard} + bacads + 2azc1dida + azerds)
+ azbi (2c2d1da + ¢1(df — d3))) =0,
bidy + bibydy (by +dazdy) + b} (bads + a3 (d} — d3)) + b3 (bads + az(—d} +d3)) = 0, @
(bic1 + bacr + aserdy + azcads) (df +d3) = 0,
(d} +d3) (b} +azbidy + by (b + a3dn)) = 0,
(d} +d3)(b1dy + bads + a3 (d} +d3)) = 0.
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We select one of the solutions to continue analysis:

by = —asd,,
1
b= <—a3d2 b4 —dashid; + a§d§>,
—6ay(d} +d3)? + 2a3cicadidy — azclds + azclds
co = . : (44)
azdy

Substituting (42) (44) into (4), the one-rogue wave is conducted:

(45)

Ad1A+drBY? d}+d3
u=4|- + .
0?2 e}

® = ¢y + A% + B2,

A=cy—ad\T +d,&,
B = ¢y + d)&.

In Fig. 6, by choosing proper parameters for (45), the dynamic diagrams of one-rogue wave can be described: d; = 1, dp = 1/2,
c1=—1l,c0=—-1,¢c0 =0, a2 =1/6,(gl) a3 = 2;(g2)az = 4;(g3) a3 = 7. From (g1)—(g3), the same values of di, d>, c1, c2,
co and a», along with a3 changing, the wave propagation direction changes clockwise. From (g4) and (g5), different values of a3
lead to a big change of density. From (g6), (g7), when & = 0 and T = 0, along with a3 increasing, amplitudes decrease and shapes
change.

7 The interactions of two-soliton and one-rogue

Supporting by the symbolic computation approach, the interaction of two-soliton and one-rogue of Eq. (3) is obtained, suppose:
[ =07 +063 +eP% 4e7P%, (46)

where 6; = L&+ w; T +¢;, i =1, 2, 3), A;, w; are real constant.
Putting (46) in (7) and setting the coefficients of e P9 ePts T T2, TE, &, 52 and the coefficients of the cross terms be equal
to zero, this results in a group of eighteen equations, we select one of the solutions to continue analysis:
—a3)\% — woky — a3A%

w) =
A ’

wy = —aziz — azpzk%. 47

Substituting (46) (47) into (4), the interaction of two-soliton and onebreather is gained:

2( 2)»% + 2)\% + pZ)\%e—P(k3$+w3T+C3) + pZ)\%eP(?»3$+w3T+03)
u= -

e~ PsE+rwsT+es) 4 ep(Asé+wsT+es) 4 (W & + w T +c1)? + (M€ + waT +¢2)?
(48)

(—prze™PRab+wsT+es) 4y 1eP@abtwsTHed) 4 0y (A& +w T + 1) + 200(haf + wpT + cz))z)
(e PRag+wsTHes) 4 op(habtwsT+es) 4 (A& +wiT +c1)? + (Mo + woT +¢2)?)?

where w1, wo satisfy (47).

In Fig. 7, by choosing proper parameters for (48), the dynamic diagrams of the interaction of two-soliton and one-rogue can be
described: A1 = 1/2, My = A3 =2, w1 =1, ¢i=1,0=1,2,3), p=1,a; = 1,(hl) a3 = —4; (h2) a3 = —3; (h3)az = 2.
From (h1), (h2) and (h3), the same values of A1, A2, A3, w1, ¢; and ap, along with a3 increasing, the wave propagation direction
changes clockwise and the shape of both waves’ changes. At same time, the angle between the two solitons decreases. We can see
that the two solutions are bright solitons, and the collisions are elastic. Their speeds and shapes keep no change after collision;
two solitons have phase shifts after the interactions, and as a3 changes, the position of the interaction between solitons does not
change, and one-rogue wave is always at the center of the collision. From density Figures (h4) (h5) and (h6), we can clearly see the
interaction of the two waves and notice that the moment of interaction of the two waves does not change with the changing of a3.
From 2D Figures (h7) and (h8), as a3 increases, the waves move parallel to the right, along T increasing, the shape and amplitude
of wave change the one-rogue wave in the center position of the two solitons.
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8 Conclusions

This manuscript investigates the wave—wave interaction of the extended KdV equation with complete Coriolis parameters. Mainly
apply Hirota bilinear method, and with the assistance of small parameter perturbation, N-soliton solution is represented. Application
of the symbolic computation approach, one-breather, one-rogue wave and interaction between one-soliton and one-breather, interac-
tion between two-soliton and one-rogue solutions are obtained. These solutions are new solutions, which are helpful to understand
diverse physical phenomena in the atmosphere and ocean.

The effect of the horizontal Coriolis parameters a3 on propagation direction, period, and shape of wave is revealed. From all
figures, it can be found that the change of Coriolis parameter a3 affects the propagation direction of the wave, and the wave rotates
clockwise with the Coriolis parameter a3 increasing. If it is a periodic wave, an increase in a3 will also decrease the period. Figure 5
shows the inelastic collision of one-soliton and one-breather, which eventually form a Y-type wave. Figure 7 shows the elastic
collision of two solitons, and one-rogue wave is always at the center of the collision. From Fig. 2, 3, 5, 7, the moment of interaction
of the waves does not change with the change of a3.
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