International Journal of Applied Mathematics

Volume 35 No. 3 2022, 381-392

ISSN: 1311-1728 (printed version); ISSN: 1314-8060 (on-line version)
doi: http://dx.doi.org/10.12732/ijam.v35i3.2

SOLITON SOLUTIONS OF THE LOADED
MODIFIED CALOGERO-DEGASPERIS EQUATION

Bazar Babajanov!, Fakhriddin Abdikarimov?$

'Department of Applied Mathematics and
Mathematical Physics, Urgench State University
Urgench, UZBEKISTAN

2Khorezm Mamun Academy
Khiva, UZBEKISTAN

Abstract: In this article, we construct exact travelling wave solutions of the
loaded modified Calogero-Degasperis equation by (G’/G) - expansion method.
The efficiency of this method for finding these exact solutions has been demon-
strated. We establish several classes of explicit solutions - hyperbolic and
trigonometric solutions containing free parameters. The solitary wave solu-
tions of this equation follow from the traveling wave solutions for certain values
of the parameters. All calculations have been made with the aid of Matlab
program. Our results reveal that the method is a very effective and straightfor-
ward way of formulating the exact travelling wave solutions of nonlinear wave
equations arising in mathematical physics and engineering.
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1. Introduction

Nonlinear evolution equations (NLEE) appear in various fields of science and
technology, such as fluid mechanics, plasma physics, optical fibers, biophysics,
electricity, wave propagation in shallow water, high energy physics, biology,
solid state physics, etc. One of the most important NPDE is the Calogero-
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Degasperis equation (CD)
Ugpt + QUG Ugy + PUylypy = 0, (1)

where u(x,y,t) is an unknown function, x € R, y € R, t > 0, « and 8 are any
constants.

This equation describes the (2+1) - dimensional interaction of the Riemann
wave propagating along the y - axis with a long wave along the x - axis. The
equation (1) was first constructed by Bogoyavlenskii and Schiff in different
ways [1, 2, 3]. Bogoyavlenskii used the modified Lax formalism, where as Schiff
derived the same equation by reducing the self-dual Yang-Mills equation. Many
exact solutions have been found for equation (1) by using symmetry method
[4]. In [5], the equation (1) has been solved by using Hirota’s bilinear method.

In this paper, we consider the following the loaded modified Calogero-
Degasperis equation

Ugt + QUL Uzy + 5“@/“9:9: + Uggay + V(t)u(oa 0, t)ua:a: =0, (2)

where u(z,y,t) is an unknown function, z € R, y € R, t > 0, y(t) - is the given
real continuous function.

One of the main physical problems for this model is to obtain their soliton
solutions. We construct exact travelling wave solutions of the loaded modified
Calogero-Degasperis equation by (G'/G) - expansion method. It is shown that
the search for soliton solutions using the (G'/G) - extension method is one of
the most effective methods for finding solutions to integrable nonlinear evolu-
tion equations due to the convenience of using well-known software pac-kages
compared to other well-known methods such as the Hirota’s bilinear operations
[6], inverse scattering transform [7], extended tanh-function method [8] and
homogenous balance method [9)].

In recent years, in connection with intensive research of problems optimal
management of the agroecosystem, for example, the problem of long-term fore-
casting and regulation of the level of groundwater and soil moisture, there has
been a significant increase in interest in loaded equations. Among the works
devoted to loaded equations, one should especially note the works of A. Kneser
[10], L. Lichtenstein [11], A. M. Nakhushev [12, 13|, and others. It is known
that the loaded differential equations contain some of the traces of an unknown
function. In [14, 15, 16, 17|, the term of “loaded equation” was used for the
first time, the most general definitions of the loaded differential equation were
given and also a detailed classifications of the differential loaded equations as
well as their numerous applications were presented. A complete description of
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solutions of the nonlinear loaded equations and their applications can be found
in papers [18, 19, 20, 21, 22, 23|.

2. Description of the generalized
(G'/G)-expansion method

Consider nonlinear evolution equations with independent variables x, y and ¢
is of the form

F(uau:l?vuyvutvu$$7uttvuyyau:l?yauzttvuyt"') =0, (3)

u = u(z,y,t) is a unknown function, F' is a polynomial in u = u(z,y,t)
and its partial derivatives in which the highest order derivatives and nonlinear
terms are involved. Now we give the main steps of the (G'/G) - expansion
method.

Step 1. By using traveling wave transformation

U(.T, Y, t) = u(£)7 §=pr+qy— @(07 (4)

where ¢(t) is the speed of the traveling wave. Now, using (4), the equation (2)
is converted into an ordinary differential equation for u = u(§):

Pu,u' o 0" ..) =0, (5)

where P is a polynomial of u(§).
Step 2. Suppose the solution of (5) can be expressed by a polynomial in

(G'/G) as follows: i
we = a (%)

=0

J
)

(6)

where G = G(§) satisfies the following second order linear ordinary differential
equation
G" + \G' + pG =0, (7)

while a;, A and p are constants.

Step 3. The positive integer m can be determined by consi-dering the
homogeneous balance between the highest order derivatives and the nonlinear
terms appearing in (5). The coefficients of this polynomial can be obtained
by solving a set of algebraic equations resulted from the process of using the
method.
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Step 4. Substitute (6) along with (7) into (5) and collect all terms with
the same order of G'(§)/G(§), the left-hand side of (5) is converted into a
polynomial in G'(£)/G(£). Next, equating the coefficients of each power of
(G'/G) to zero, obtain a system of algebraic equations for a; and ¢(t). Then,
u(§) can be restored by (6).

3. Exact solutions of the loaded modified Calogero-Degasperis
equation

We will show how to find the exact solution of the loaded mo-dified Calogero-
Degasperis equation using the (G'/G) - expansion method. For doing this, we
perform the steps above for equation (2). The traveling wave transformation

u(z,y,t) = u(§), £ =px+qy—p(t), (8)
permits us converting equation (2) into an ordinary differential equation for
u = u(€):

—pu” + ap’qud” + BpPqu'd” + pPqu!V + py(t)u(0,0,t)u” = 0.  (9)

Integrating (9) with respect to &, we get

2
gl 4 PIOE Bt 4t =0, (10)

where n(t) = py(t)u(0,0,1).
We search the solution of equation (10) in the form of a polynomial in

(G'/G) as ) |
- o (5). (1)

7=0
where G = G(§) satisfies the second order ordinary differential equation in the

form
G" + )G+ uG =0. (12)

Using (11) and (12), u" and v are easily derived the following equalities
G/ 2m+2
u?(€) = m?a?, <5> + .. (13)

7N\ m+3
u" (&) = m(m + 1)(m + 2)ay, (E) + ... (14)
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Considering the homogeneous balance between 1’ and v/? in equation (10),
based on (13) and (14) we required that m+3 =2m+2 = m = 1. It follows
that, u(£) has the form

G/
u(§) = ao + a1 <5> . (15)
By introducing the notation
G/
Y = Y(€) =
©="7

and the help of (12), we get following equalities

GG" —G?  G(-AG — uG) — G )
R = = Y2 )\Y -4,

Y =2Y? 4 3\Y2 + (2u + N)Y + Ay,
Y = —6Y* —120Y3 — (TA2 +8u) Y2 — (N3 +8\n)Y — (A2 + 2u2).

Then, collecting all terms of same order of Y in equation (10) and equating
to zero, yields a set of algebraic equations for ag, a1, as, ..., Gy,.

It is known that the solution of equation (12) is a linear combination of sinh
and cosh. For instance, in case (A? —4y) > 0, the solution of equation (12) has
the form

)

/N2 _ 2 _
G(¢) = e‘§(A sinh %5 + B cosh %5)

(&) _ A, /A —du Asinh VA e 4 Beosh YA e
G(8) 2 2 Acosh 7V)‘2274“§ + Bsinh 7”‘2274“5’

where A and B are any constants.
It is known that the exact view of v/, u’? and v"” are easily defined as follows

W (€) = —a Y2 — a1 \Y —ayp, (16)

W2(€) = a2Y Y + 2NV + a2p® + 2820 + 2a2uY 2 + 2a3 MY (17)
u"'(€) = —6a1Y* — 120, AY? — (8aip + 7a1)\2)Y2—

—(8ar A + a1 XY — (2a1 4 + a1 \?p). (18)

By substituting (15)-(18) into equation (10) and collecting all terms with
the same power of Y, the left-hand side of equation (10) is converted into
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another polynomial in Y and equating each coefficient of expression (10) to
zero, yields a set of simultaneous equations for ag, a1, ¢(t) and C as following:

“g(a+P) o
2

atAp*q(a + B) — 1201 Ap°q = 0,
afN*p*q(o + B)
2
—Tap’g\? + a1 (¢ —n(t)) =0,
a2 ppPq(a+ B) — 8arpgip — a1p®g\3 + a1 p — a1 n(t) = 0,

2
pqla+p .
%Gfﬁ = 201p°qu® — arp’ g\ + arpp — arpm(t) = 0.

—6a1pQ—O

+ app*q(a+ B) — 8arp®qu—

By solving these equations, we obtain

a0:C,a1:—

¢ = pPq(N* —4p) +n(t),

o(t) = PPa(N2 — dp)t + / n(r)dr + o, (19)

where \, 1, p, ¢, C and ° are arbitrary constants. Using (19), expression (15)

can be rewritten as
12p

u(§) =C+ Tﬂy’ (20)
G/ (€) VA Asinh VA 4”5 + Boosh YA~

G~ 2" 2 Acosh Y224 §+Bsmh VX 4“5

where € = pr + qy — pPq(\? — 4p)t — fo T)dT —

The function (20) is a solution of equatlon. Substituting the general so-
lutions of equation (12) into (20), we have several types of travelling wave
solutions of the loaded modified Calogero-Degasperis equation (2) as follows:

1) When (A2 — 4p) > 0, we have

6 6p\/ N2 — 4
u(g)=c— 22 2P gy

a+ a+p
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Asmh” 4“§+Bcoshv _4“5
Acosh Y 4“{—FBsmh - _4”5

It is obvious that the function u(0,0,t) can be easily found based on expression
(21). For example, let y(t) be given to get

Zajtj f—Zjajtj_l,
7j=1

¢ = —pPq(\* — 4p) — py(H)u(0,0,1),
— L Jagti Tt = pPq(N® — 4p)

(21)

’Y(t) = /N2 ) /X2 L
C_ 6Ap I 6p\/N\2—4p Z?zl(A sin h%ajtﬂJrB cos h%a]ﬂ)
a+ a+

2 . 2_ :
271 (Acos hwajtﬂJrB sin hwa]ﬂ)

where o (j = 1,2, ..., n) are constants. If A # 0, B =0 and (A\* — 4u) > 0,
then u(z,y,t) becomes

o_ 6Ap N 6p\/ A2 — 4p

a+ g a+p

X thiwz_ﬁ‘“ (2 — z:: ajt?). (22)

u(z,y,t) =

The function (22) is the solution of the following the loaded modified Calogero-
Degasperis equation
uy + u2ua: + Uggq + Uzyy

; j= 1]05Jt _qu()\Q - 4u)u(0,0,t)u$

VA2—4p 30 Asinhv/\274 9+ B cos hm a;td)
ath >i1(Acos h\//\ Eajti+Bsin h\/A Aty it7)

+ =0.

_ Gy, 6p
c a+5+

2) When (A2 — 4p) < 0, we have

6Ap  6p\/4p — A2
a+p a+f

u(€) = C -

Asin ¥ ’; f—l—Bcos v /;
X
Acos YA f—l—Bsm VAR=AZ

2 2

(23)
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It is not difficult to find u(0,0,¢) based on expression (23). Let y(t) be given

to have . .
&= Zajtj, ¢ = Zjajtjfl,
j=1 j=1
¢ = —p’q(\* —4p) — py(t)u(0,0,1),
A(t) = —5 L dogt! ! = pPg(N — dp)

N2V . 22 -
C 6)p 6p/4u—A2 27, (Asin 4“T>‘ajtﬂ+B cos 4“T/\ajtﬁ)

- - —2 : —x2 }
i1 (Acos MTAOth]'FB sin MT/\ajtﬁ)

o+ a+p

where o (j = 1,2, ..., n) are constants. If A # 0 and B = 0, then u(z,y,1?)

becomes
2
c 6Ap  6py/ 4u A /7

u(z,y,t) = P

/ 2 n
X tgH——-— 4# A Zajtj

(24)

The function (24) is the solution of the following the loaded modified Calogero-
Degasperis equation

Ut + UQUJJ + Upzz + Uzyy
117 ' joagti T — p?g(A\? — 4p)u(0,0, t)u,
6p\/4pu—X2 274 (Asin ¥ 4” A2 o td+B cos @ajtj)

2
. 2 .
atp >y (Acos M%ajt]JrB sin M%ajtﬂ)

+ =0.

6\p

3) When (A2 — 4y) = 0, we have

6Ap
a+p

u(€) = C - (25)

4. Graphical representation of the
loaded modified Calogero-Degasperis equation

Graphical representation is an effective tool for communication and it exempli-
fies evidently the solutions of the problems. The graphical illustrations of the
solutions are depicted in Figure 1 and Figure 2. After visualizing the graphs
of the soliton solutions and the periodic wave solutions by using distinct val-
ues of random parameter are demonstrated to better understand their physical
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features. The amplitude and velocities are controlled by parameters of various
kind. The soliton is a self-reinforcing wave packet maintaining its shape while
propagating at a constant velocity. Solitons are unscathed in shape and speed
by a collision with other solitons and are often studied in quantum mechanics,
nuclear physics, and waves along a weakly anharmonic mass-spring chain.

Figure 1: The soliton solution of the loaded modified
Calogero-Degasperis equation for A = 2v/3, p = 2, C = 1,
p=1, a=4,5=8.

Figure 2: The periodic solution of the loaded modified
Calogero-Degasperis equation for A = 2, y = 2, C = 1,
p=1a=4,3=38.
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5. Conclusions

In this article, we presented the travelling wave solutions in terms of hyper-
bolic and trigonometric functions for the loaded modified Calogero-Degasperis
equation. The exactness of the obtained results is studied by using software
MATLAB program. The received solutions with free parameters may be impor-
tant to explain some physical phenomena. It is shown that the performance of
this method is productive, effective and well-built mathematical tool for solving
nonlinear evolution equations.
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