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Abstract. The discrete nonlinear evolution equation concerned is the nonlinear Ostrovsky equation,
which is employed in engineering and physics to describe some nonlinear evolution phenomena such
as the temperature transmission and investigated by expand function method. The novel traveling
wave solutions are obtained. The results are simply discussed.

Introduction

When a stationary solution loses its stability as a physical parameter crosses a critical value, a
periodic solution can arise. The existence of periodic solutions in nonlinear differential equations is
an interesting topic in many applications, such as problems in biological and control systems.
Nonlinear equations are very important in describe evolution phenomena in engineering and physics.
People have investigated many useful methods to obtain the evolution solutions: the inverse
scattering method [1-3], the Hirota’s bilincar method [4-6], the Darboux and Backlund
transformation [7,8]. Sine-cosine method [9,10]. The expand method is one of the powerful methods
to obtain the traveling hyperbolic function solution. The nonlinear Ostrovsky equation, which is an
important nonlinear equation in physics andengineer, is investigated and the numerical solutions are
obtained.

The Nonlinear Ostrovsky Equation and Expand Method
The nonlinear evolution equation, which was first introduced by Ostrovsky[11,12] to describe
nonlinear surface and internal waves in rotating ocean , is in the form as follow

(U +CoUy + PUU, + QU ), = M (1)

Where is the velocity of dispersionless linear waves, p is the nonlinear coefficient, q is the
Boussinesq dispersion and 7 is the Coriolis dispersion coefficients. Coriolis dispersion is
negligible(” = 0), EQ. (1) reduces to the KdV equation. As a limiting case of very long waves for
which Boussinesq dispersion vanishes(q - O). The reduced equation is rewritten as[13-15]

uu,, —uu, +u’u, =0 2

For a Nonlinear equation evolution with time tand dimension X, the general form is given as

G(u,u,,u,,U,,, U, Uy,...)=0

XXt Mixtrt
In order obtain the solutions of Eq(3), we employ an expression and simplify the equation as
G(U,U,, Uz, Uy, ) =0

3)

with the expression as ¢= “(X_ﬂt). The minimal expand is used to obtain the approximation
evolution solution for nonlinear equation.
Numerical Example. We employ the minimal expand method for the nonlinear equations (2), the

useful expression is used. Submitting the equation g=a(x=Minto Eq (2), We obtain
a’ul,,, — U, +u’u, =0

(4)
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Integrating once Eq(4), the equation is changed into

3ar’uu,, —3ar’uu, +u’ =0 5)
Generally, the hyperbolic function solution of Eq.(5) is written as
u:g+fsech§’ (6)
where
g = A, +Atanhé+ A, tanh&E2 7)
f =B, +B, tanh& ®)

with A , Ai, A, , By and B are parameters to be determined.
The derivative for Eq.(7) 9 and Eq.(8) Fare given as the follow
9. = A(l+tanh &%)+ 2A, tanh £(1+ tanh £2)
f. =B,(1+tanh &?)
9. =—2A(+tanh &%) tanh & + A, (2(1+tanh £%)* —4(1+ tanh £%) tanh £7)
f.. =—2B,(1+tanh &%) tanh &

f

Submitting the equation 9, f ,g‘f, ff,géi, “into U, we obtain the expression U ,uf,ug‘f. Then,

u

we put the function U ,u§ , ¢ into Eq.(5) and equating the coefficient of Sechg v zero, we obtain the

following equation(the relation 1+tanhg® =sechg” ;o employed ):

A —3AN —3AA +3A'A +3AA - A =0

—3a’A,B, +3A’B, —3B,A? +3a°A,B, —6A,AB, +3A’B, +3a°B,A —6AAB, +6AAB, =0

6a’ A +3AfA) +12a2A0A2 +3A§A2 —6A’A, —12a°A’ —6A22Ab +3A7 +3A)BO2 —3AQBO2

—6AB,B, —3AB2+3AB2 =0

3A’B, —3a%A,B, +6A A B, —6A’B, + B> +9a’AB, +6A AB, —~12A A,B, —3B?B, =0

—9a%A? —6a2A,A, +3AZA, +30A%a? + 3AZA, —3A° —3a?B? +3A,B2 + 6A BB, +9a’B?

+3A,B? —6A,BZ=0

6a’A,B, +3A’B, —18a%AB, + 6AA,B, +3BB, =0

—18a°A2 + A’ —12a’B2 +3B?A, =0

To obtain the solution for the above equation, A =0js supposed to be given. Then, we obtain the

follow results:

A, =37
a’\3+243A
a’/3+2A
g =i\/—6a4A1(1+\/§)—12a2Af—3\/§a2Af—2\/§Af—6a2Af

B, =— B,

J3(a?+2A)
Submitting A , A : AZ, Boand Brinto Eq.(6), we obtain the evolution solutions as the follow
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a’3+243A
a’\3+2A
( —6a*A (1++/3)—12a2A? —34/3a’ A2 - 2,/3A° —6a’ A2 )
J3(a” +2A) ®)

+ —68.4A1(1+ \/§) —12a2Af —3\/§a2A12 —2\/§A13 _GazAiz
J3(@2+2A)

u=A tanh&++/3A tanh &2 +[(~ )

tanh &]sech&

The evolution solution figure for Eq.(9) and (10) are given in Fig.1 and Fig.2, respectively.

CRERELY
a’V/3+2A
N e B PR N Ny PNV
\/§(a2 +2A1) (10)
_|-6a’Al+ J3)-12a? A2 —3,/3a% A2 — 24/3A° — 62 A’
J3(a®+2A)

u(x,t) = A tanh a(x— At) +~/3A tanh(a(x - At))? +[( )

tanh a(x — ft)]secha(x — ft)
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Figl 4,=-03 a=06 A=023 Fig2 A4=-03 a=06 [=023
xe(=1212).1 e (~12,12) xe(=1212).r e (-12,12)

Conclusions

Nonlinear equations are very important in describe evolution phenomena in engineering and physics.
The discrete nonlinear evolution equation concerned is the nonlinear Ostrovsky equation, which is
employed in engineering and physics to describe some nonlinear evolution phenomena such as the
temperature transmission and investigated by expand function method. The novel traveling wave
solutions are obtained. The simulation figures for the evolution solutions are shown.
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