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Abstract

In this article, the solitary wave and shock wave solitons for nonlinear Ostrovsky equation and
Potential Kadomstev-Petviashvili equations have been obtained. The solitary wave ansatz is used
to carry out the solutions.
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1. Introduction

Nonlinear wave phenomena appear in various scientific and engineering fields such as electrochemistry, elec-
tromagnetics, fluid dynamics, acoustics, cosmology, astrophysics and plasma physics. See references [1]-[4].

In recent time, the numerous approaches have been developed to obtain the solutions of nonlinear equations.
For example the (G’/G)—expansion method [5] [6], the first integral method [7], the adomian decomposition
method [8], the generalized differential transform method [9], Jacobi elliptic method [10], the automated tanh-
function method [11] and the modified simple equation method [12] etc.

Nonlinear wave is one of the fundamental objects of nature and a growing interest has been given to the prop-
agation of nonlinear waves in the dynamical system. The solitary wave ansatz method [13] [14] is rather heuris-
tic and processes significant features that make it practical for the determination of single soliton solutions for a
wide class of nonlinear evolution equations. The solitary wave and shock wave solitons have been obtained, us-
ing solitary wave ansatz method, for nonlinear Ostrovsky equation and Potential Kadomstev-Petviashvili (PKP)
equation, and we clearly see the consistency, which has recently been applied successfully.

The Ostrovsky equation is, a model of ocean currents motion, read as

(ut +<u2)X — Py )X —yu=0, (1.2
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where S and y are constants. Parameter £ determines the type of dispersion, namely, £ =-1 (negative-
dispersion) for surface and internal waves in the ocean and surface waves in a shallow channel with an uneven
bottom; S =1 (positive dispersion) for capillary waves on the surface of liquid or for oblique magneto-acous-
tic waves. Parameter y >0 measures the effect of rotation.

The Potential Kadomstev-Petviashvili (PKP) equation has been considered in the following manner

U, +(u‘°’)X +(u2)XXX =0. (1.2)

2. Solitary Waves Solitons

In this section, the solitary wave solution or non-topological solution to the Ostrovsky Equation (1.1) and Poten-
tial Kadomstev-Petviashvili Equation (1.2) have been found using the following solitary wave ansatz. For this,
we have

u(x,t)=

where A is the amplitude of the solitons, B is the inverse width of the solitons and v is the velocity of the
solitary wave.

cosh? 2 ,Where & =B(x-vt) (2.3)

2.1. 0S-BBM Equation
From the Equation (2.3), it can be followed

U - ABvptanh &

24
' coshP¢ @4
_ 2
(uz) _—2A sztanhf 25)
X cosh®? &
_—AB3p3tanh§+ABSp(p+1)(p+2)tanh§ 26)
o cosh® & coshP? & '
u= A 2.7)
cosh? &
—2A? —AB%p® AB® 1 2)tanh
(u‘+(u2> _ﬂuXXX)ZAvatanhg+ 2A sztanhg_ AB’p’tanh & p(p+ )(p2+ )tanh &
x cosh? & cosh“? & cosh? & coshP* &
—AB%vp? AB’vp(p+1) 4A?B?p? 2A’B°p(2p+1) BAB*p*
(ul+(u2) _'BUW) = pp + p(+2 )+ pr - 2(p+2 )_’B pp
x  cosh?¢& coshP™= & cosh“P & coshP™ & cosh? & 28)
) :
+ﬂAB“p(p+1){pz+(p+2)} BAB*p(p+1)(p+2)(p+3)
coshP*2 & coshP** & '
After substituting Equations (2.4)-(2.8) into (1.1), the following equation is obtained
4 2 2
~AB'vp?  ABYvp(p+l) 4AB’p? 2A'B’p(2p+l) pa'p! FAB p(p+1){p*+(p+2)
cosh? & cosh?*? & cosh?? & cosh?P*2 & cosh® & cosh?*? & 2.9)
_ﬁAB4p(p+1)(p+2)(p+3)_ YA
coshP** & cosh® &

It may be noted that p=2 is being calculated when exponents 2p+2 and p+4 are equated equal to
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each other. Furthermore, set the coefficients of the linearly independent terms to zero. Thus, we can write
—2A’B?p(p+1)- BAB*p(p+1)(p+2)(p+3)=0,
—~AB’vp® - BAB*p* —yA=0.
Solving the above system of equations and also set p =1, then it can be written
16B* +y
B>
Hence, the solitary wave solution of the OS-BBM equation is given by

Az—lOﬂB,B:B,v:#

A
u(x,t)=——m—m—. 2.10
() cosh{B(x—vt)} (2.10)
2.2. Potential Kadomstev-Petviashvili (PKP) Equation
It can, thus, be written from Equation (2.3) as follows
b = ABvptanh & 2.11)
cosh? &
_ 3
(ug) _ 3A Bpgtanhcf 2.12)
X cosh®? &
—8A%B3p® 2A%B*p(2p+1)(2p+2)tanh
(uz) _-8A’B p2 tanh ¢ | p(2p+ 2)(2p+ )tan 3 2.13)
XX cosh®? & cosh®P*® &
After substituting Equations (2.11)-(2.13) into Equation (1.2), the following equation is obtained
3 2R3 3 2p3
ABvptanh¢ -3A'Bptanh& -8A’B’p’tanhg 2A°B’p(2p+1)(2p+2)tanh & o (2.14)

cosh ?& cosh®? & cosh?? & cosh2P*2 &

It may be noted that p =2 is being calculated when exponents 3p and 2p+2 are equated equal to each
other. Furthermore, set the coefficients of the linearly independent terms to zero. Thus, we can write

-3A°Bp+2A°B®p(2p+1)(2p+2)=0.
Solving the above system of equations and also set p =2, then it can be written
A=20B°,B=B,v=v.

Hence, the solitary wave solution of the Potential Kadomstev-Petviashvili (PKP) equation is given by

u(xt) A

B cosh{B(x—vt)}’ (@15

3. Shock Waves Solitons

In this section, the shock wave solution or topological solution to the Ostrovsky Equation (1.1) and Potential
Kadomstev-Petviashvili Equation (1.2) have been found using the following solitary wave ansatz. For this, we
can write

u(xt)=Atanh® &£ where £=B(x-vt) and p>0 (3.16)

where A and B are free parameters and are the amplitude and inverse width of the soliton, while v is the
velocity of the soliton. The value of the exponent p is determined later.

3.1. 0S-BBM Equation

Following Equation (3.16), it can be written
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U =—ABvp{tanh?™ & - tanh** £} (3.17)
(uz)x = 2A’Bp{tanh?"™* & — tanh*** £} (3.18)
Uy = AB*p(p—1)(p-2)tanh® §—ABSp(3p2 —3p+2)tanh"‘1§

(3.19)
+ABp(3p® +3p+2)tanh”* &~ AB®p(p+1)(p+2)tanh?* &

(ut +(u2)X —ﬂum)
:—Ava{tanhp‘lgf—tanh‘”1 f}+2AZBp{tanh2"‘1g‘Z—tanh2p+1 5}—ﬂAB3p(p—l)(p—2)tanh”‘3§
+ BAB? p(3p2 —3p+2)tanh e BAB® p(3p2 +3p+2)tanhp+l &+ BABp(p+1)(p+2)tanh®? &

(ut +(u2)X — PUy, )X
=—AB%*vp(p-1)tanh®? &+ 2AB* p® tanh® £ — AB®vp(p+1)tanh tanh "% +2A’B?p(2p—1)tanh®*? &

—8A’B?p®tanh?® &£ + 2A’B’p(2p +1)tanh**? £ — BAB*p(p-1)(p-2)(p—3)tanhP* &

+48AB*p( p—l)( p’ —2p+2)tanhp‘2 E—25AB"p’ (3p2 +5)tanhp £

+4BAB* p(p+1)(p* +2p+2)tanh®? - BAB*p(p+1)(p+2)(p+3)tanh?* &,

(3.20)
After substituting Equations (3.17)-(3.20) into (1.1), the following equation is obtained

—AB?vp(p-1)tanh®? &+ 2AB%vp® tanh® &£ — AB?vp( p+1)tanh®? &
+2A’B?p(2p-1)tanh?"? £ —8A’B’ p’ tanh®? & + 2A’B* p(2p +1)tanh®P*? &
—-BAB*p(p-1)(p-2)(p-3)tanhP* &£+ 4B8AB*p( p—l)( p’ —2p+2)tanhp’2 £
~23AB*p’ (3p” +5)tanh” £+ 4BAB* p(p+1)(p’ +2p+2)tanh " &
—-BAB*p(p+1)(p+2)(p+3)tanh®* & —yAtanhP & =0.

It may be noted that p =2 is being calculated when exponents 2p+2 and p+4 are to be set equal to
each other. Furthermore, set the coefficients of the linearly independent terms to zero. It can, thus, be written as

2A’B*p(2p+1)- BAB*p(p+1)(p+2)(p+3)=0,
2AB’vp’ +2A’B’p(2p-1)-28AB" p*(3p° +5)-yA=0.

Solving the above system of equations and also set p =2, then it can be written

4
A=6/B2 B =B, v:%(ﬁ‘lﬂf—zﬂj.

Hence, the solitary wave solution of the OS-BBM equation is given by

u(x,t)=Atanh?B(x-vt), p>0. (3.21)

3.2. Potential Kadomstev-Petviashvili (PKP) Equation

From Equation (3.16), it can be followed

U =—ABvp{tanh?™ & - tanh " £} (3.22)

(u3)x = 3A’Bp{tanh®** & — tanh*"** &} (3.23)
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(u*) =2A’B*p(2p-1)(2p-2)tanh?* £ —2A’B*p(12p” —6p+2)tanh?P & .
+2A’B°p(12p” +6p+2)tanh*P* £ —2A’B®p(2p +1)(2p+2) tanh*P* &,
After substituting Equations (3.22)-(3.24) into (1.2), the following equation is obtained
—Ava{tanh"’1 £ —tanh®™* (f} +3A3Bp{tanh3”’1(f—tanh3p+1 §}
+2A’B°p(2p-1)(2p-2)tanh®"® £ ~2A’B*p(12p* ~6p +2)tanh*"* &
+2A’B°p(12p° +6p+2)tanh?®P* £ - 2A’B*p(2p+1)(2p+2)tanh**** £ = 0.

It may be noted that p =2 is being calculated when exponents 3p+1 and 2p+3 are to be set equal to
each other. Furthermore, set the coefficients of the linearly independent terms to zero. It can, thus, be written as

-3A°Bp-2A°B*p(2p+1)(2p+2)=0,
—ABvp+2A°B*p(2p-1)(2p-2)=0.
Solving the above system of equations and also set p =2, then it can be written
A=-20B% B =B,v=-240B".
Hence, the solitary wave solution of the Potential Kadomstev-Petviashvili (PKP) equation is given by

u(xt)=Atanh® B(x-vt), p>0. (3.25)

4. Conclusion

The growing interest of nonlinear waves has been given to the propagation in the dynamical system. The solitary
wave ansatz method is rather heuristic and processes significant features that make it practical for the determina-
tion of single soliton solutions for a wide class of nonlinear evolution equations. The solitary wave and shock
wave solitons have been constructed, using the solitary wave ansatz method, for Ostrovsky equation and Poten-
tial Kadomstev-Petviashvili equation and we clearly see the consistency, which has recently been applied suc-
cessfully.
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