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Abstract: In this paper, we investigate the first integral method for solving the generalized Benjamin-Bona-
Mahony (BBM) equation. This idea can obtain some exact solutions of this equations based on the theory of
Commutative algebra.
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1 Introduction

In recent years, the investigation of exact solutions to nonlinear partial differential equations has played an important
role in nonlinear phenomena. Nonlinear phenomena appear in a wide variety of scientific applications such as plasma
physics, solid state physics, nonlinear optics, quantum field theory and fluid dynamics. In order to better understand these
nonlinear phenomena, many mathematicians and physical scientists make efforts to seek more exact solutions to them.
Several powerful methods have been proposed to obtain exact solutions of nonlinear partial differential equations, such as
the Bicklund transformation method [7, 11, 16], Hirotas direct method [15], tanh-sech method [6], extended tanh method
[3, 36], the exp- function method [17, 18, 37], sine-cosine method [9, 12, 43], Jacobi elliptic function expansion method
[19], F-expansion method [24] and so on .

The first integral method was first proposed in [4] in solving Burgers- KdV equation which is based on the ring theory
of commutative algebra.The useful first integral method is widely used in many papers such as in Refs.[4, 38—40] and the
reference therein. The present work is interested in generalized Benjamin-Bona-Mahony (BBM) equation [30]:

ug + g + (Bu™ + cu™) 4 kugy, = 0. (D

In the above equation, the first term of left side represents the evolution term while parameters 5 and c¢ represent the
coefficients of dual-power law nonlinearity, o and k are the coefficients of dispersion terms, n is the power law parameter,
and variable u is the wave profile. In [31] , Biswas used the solitary wave ansatz and obtained an exact 1-soliton solution
of (1). In order to find more exact solutions of some nonlinear evolutionary equations, Kuru [32, 33] discussed the BBM-
like equation, and Estévez et al. [34] analyzed another type of generalized BBM equations. In this work, we use the first
integral method to find the exact solutions of the generalized Benjamin-Bona-Mahony equation.

The rest of this paper is organized as follows : Section 2 is a brief introduction to the first integral method. In section 3,
we apply the first integral method to find exact solutions of the generalized Benjamin-Bona-Mahony equation.

2 The First Integral Method.

Consider a general nonlinear partial differential equation (PDF) in the form

P(uaut7umvumm7umtvutt7 ) = 0; (2)

*Corresponding author. abdelfattahelachab@ gmail.com. (A. ElAchab)

Copyright(©World Academic Press, World Academic Union
1INS.2015.02.15/851



A. El Achab, A. Bekir: Travelling Wave Solutions to the Generalized Benjamin-Bona-Mahony (BBM)- - - 41

where u(z, t) is the solution of nonlinear partial differential equation (2). By means of the transformation

where ) is arbitrary constants, we reduce eq (2)to an ordinary differential equation (ODE) of the form

"

P(u,ul,u”,u ,.) =0, 4

where u(z,t) = u(£) and the primes denote ordinary derivatives with respect to £. Next, we introduce a new independent
variable

V(&) = ul(§), W(E)=u(8), (5)
which leads to a system of ODEs of the form
{ Vi) = W), ©
W) = H(V(E),W(S))

According to the qualitative theory of ordinary differential equations [2], if we can find two first integrabls to system
(6) under the same conditions, then analytic solutions to (6) can be solved directly. However, in general, it is realty
difficult to realize this even for a single first integral, because for a given plane autonomous system, there is no general
theory telling us how ti find it’s first integrals in a systematic way. A key idea of our approach here to find first integral is
to utilize the division theorem . For convenience, first let us recall the Division theorem for two variables in the complex
domain C [4].

Theorem 1 (Division theorem) Suppose that P(w, z) and Q(w, z) are polynomials in Clw, z], and that P(w, 2) is irre-
ductible Clw, z]. If Q(w, z) vanishes at any zero point of P(w, z), then there exists a polynomial G(w, z) in Clw, z| such
that

Qw, z) = P(w, 2).G(w, 2). (7

3 The generalized Benjamin-Bona-Mahony (BBM) equation [30]
Assume that equation (1) has the solution of the form:
u(z,t) = u(§), &= (z—uv). (8)
where v is arbitrary constant. Substituting (8) into (1) we obtain
(a0 —v)u + (Bu™ + cu® ) + ku =0, 9

where prime denotes derivative with respect to £. Integrating the equation of (9) with respect to £ and taking the integration
constants to zero yields:

B +1 c 2n+1 "
- S ST e L R 10
(a I/)u+n+1u +2n+1u + ku (10)

Making the following transformation:

v=u", (11)
then (10) becomes
" (U/)2 2 3
v —av+b—— +dv° + fv’ =0, (12)
v

where

e 13)
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&y
dgz ’
independent variables © = z, u© = w. Then equation (12) can be rewritten as the two-dimensional autonomous system

and v and v” denote g—g and respectively. and the prime denotes derivative with respect to £. Next, we introduce new

dz __
= @ f 14
{‘Cil‘g: az—‘*’;—dZQ—fz:‘. (14
Assume that
d
@« _ 4 (15)
z
thus system becomes
dz
ar = zW, 1
{ %: az? —bw? —dz3 — f22. (16)
Now, we apply the Division Theorem to seek the first integral to (14). Suppose that z = z(7) and w = w(7) are the
r
nontrivial solutions to (16), and p(w,z) = Y.  a;(2)w?, is irreducible polynomial in C|w, 2] such that
1=0
T .
plw(r),2(8)) = X ai(2(7))w'(1) =0, (17)
1=0

where a;(z) (i = 0,1,...,7) are polynomials of z and all relatively prime in C|w, 2], a,.(z) # 0. Equation (17) is also
called the first integral to (16). We start our study by assuming » = 1 in (17). Note that g—f is polynomial in z and w, and
p(w(7),2(7)) = 0 implies g—f |(16y= 0. By the Division Theorem, the exists a polynomial H(z,w) = h(z) + g(z)w in
C|w, z] such that

dp | _ (9p9z 4 Opdw
dr ‘(16)_ (Oz or + dw OT |(16)

= ZLO CL;(Z)WHIZ + Zilzo iai(z)w’;l(azQ - wa —dz® — f2*) (18)
= (h(2) + 9(2)w)(X_i—p ai(2)w"),

where prime denotes differentiating with respect to the variable z. On equating the coefficients of w? (i = 0, 1, 2) on
both sides of (18), we have

20y (2) — bai (2) = g(2)aa (2), (19)

2a9(2) = g(2)ao(z) + h(z)ar (2), (20)

h(2)ag(z) = ay(2)[az? — d2® — f24, 21

Since, a1 (z) and g(z) are polynomials, from (19) we conclude that a1 (2) is a constant and g(z) = —b. for simplicity, we

take a1 (z) = 1, and balancing the degrees of ag(z), and h(z), we conclude that deg h(z) = 2 and deg ag(z) = 2, only.
Now suppose that

h(z) = A2> + Bz + C, ag(z) = Dz*> + Ez+F (A#0, D #0), (22)
where A, B, C, D, E and F are all constants to be determined. Using (22) into (20) we obtain
h(z) = ((2+b)D)z* + (1 + b)E)z + bF, (23)

Substituting ag(2), a1(z) and h(z) in (21) and setting all the coefficients of powers z to be zero, we obtain a system of
nonlinear algebraic equations, and by solving it, we obtain the following solutions:

F=0,D=55/(=@2+b)f), 24
E=35V(=Q+b) f),d=ghy 3+2D)
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— 25
E=—35V/(=@2+b)f),d= gk (3+2b) 25

Using the conditions (24) in (17), we obtain

1
Combining this first integral with (17), the second-order differential equation (12) can be reduced to
dv
—=————/(=2+0b 2 . 27
= 7Y/ @ NE +) 27

Solving (27) directly and changing to the original variables, we obtain the complex exponential function solution to
equation (1):

u(z,t) = ! : (28)

—1+ Crexp(25 4/ (Eor ) (@ — vt)

where C is arbitrary constants. Similarly, for the cases of (25), we have anther complex exponential function solutions:

1

n

u(z,t) = ! ; (29)

—1+ Coexp( 1/ (Eor ) (@ — vt)

where Cs is arbitrary constants. These solutions are all new exact solutions.
Now we assume that 7 = 2 in (17). by the Division Theorem, there exists a polynomial

dp l(16)= (@& 4 9p dw |
o , odr (16); 0z OT Ow OT (16)
=0 a;(z)wi Ttz + Doico ia;(2)w ™ (az? — bw? — d23 — f24) (30)

= (h(2) + g(2)w) (X7 ai(2)w')

On equating the coefficients of w’ (i = 0, 1, 2, 3) on both sides of (16), we have

/

zay(z) — 2bay(2) = g(2)as(z), 31)
2ay(2) = bai (2) = g(2)a1(2) + h(z)az(2), (32)

9(2)ao(2) + h(z)ay(z) = 2a(2)[az? — d2° — f2*] + zay(2), (33)

h(2)ao(2)) = a1(2)[az? — dz® — fz4, (34)

Since, as(z) and g(z) are polynomials, from (31) we conclude that ay(z) is a constant and g(z) = —2b. for simplicity, we

take as(z) = 1, and balancing the degrees of ag(z), a1(z) and h(z), we conclude that deg h(z) = 2 and deg a1(z) = 2,
only. Now suppose that

h(z) = Az + Bz +C, a1(2) = D> + Ez + F (A#0, D #0), (35)
where A, B, C', D, E and F are all constants to be determined. Using (35) into (32) and (33) we obtain
h(z) = ((2+b)D)z% + ((1 + b)E)z + bF,

_ (12f4+2D*+D?by _4 2d+3ED+2EDbY 3 1 E?-2a42DF+2DFb+E%bY 2 F 1 E4bE4br  (30)
ao(z)—(§ 24D )Z +( 3+2b )Z +(§ e 146 )Z +bEmZ+§FT

Substituting ag(2), a1(2) and h(z) in (34) and setting all the coefficients of powers z to be zero, we obtain a system of
nonlinear algebraic equations, and by solving it, we obtain the following solutions:

D=-——=2
V (_f(2+b)) ’ (37)
2d+/(— 1 (2+b))
E=Yamag » F=0,a=—(1+b)d f(9+f$)b+4b2))-
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V (_f(2+b)) ’ (38)
2d/(=f(24b))
FE = —W, F = O7 a = —((1+b) dQW)

Setting (37) in (17), we obtain that system (16) has two first integral

Lo VIW2—0) 5 i(¥2+0)d (i = —1) (39)
J210 VIG+20)” ’

w:_W(\Q/i‘Fi)Zz_ Z(\zym)dz (i* = -1) @0
o VI +20)7 |

Combining this first integral with (16), the second-order differential equation (12) can be reduced to

dv 3/7(3/5—@')@2_ i(\2/2+b)dv “n

& 2 rb YF(3+2b)

dv _3/7(\2@“')”2_ z(e/2+b)du “2)

T T3+ 20)

Solving (41) and (42) directly and changing to the original variables, we obtain the exact solution to equation (1):

n

u(z,t) = ! (43)
(~1= VDR + Csexp(mrsimaa Ve (@ = vt)
s
w(w,t) — ! (44)
(—1+iV2)R + Ca exp(rigrpmtirs—y | 2t (@ — )

. n2c(3k(n+1)+2(17n)) . ..
where,R = B D22t T) C'3 and Cy are arbitrary constants. Similarly, for the cases of (38), we have another

complex exponential function solutions:

1
u(z,t) = - - (45)
. —ik(n+1 n+1)(2n+1
(—1+iV2)R + Cs exp( ity \ ) (2 — ot)
1 n
u(z,t) = . - (46)
- —ik(n+1 n+1)(2n41
(=1 = iV2) R + Cs exp(sarmmayaatmry \ ) (2 — ot)

where,R = "22(23 f;ﬁ)lg(;i(j;)"”, Cs and Cg are arbitrary constants.

Notice that the results in this paper are based on the assumption of » = 1, 2 for The generalized Benjamin-Bona-
Mahony (BBM) equation . For the cases of » = 3, 4 for these equations, the discussions become more complicated and
involves the irregular singular point theory and the elliptic integrals of the second kind and the hyperelliptic integrals.
Some solutions in the functional form cannot be expressed explicitly. One does not need to consider the cases m > 5
because it is well known that an algebraic equation with the degree greater than or equal to 5 is generally not solvable.

4 Conclusions

In this work, we are concerned with The generalized Benjamin-Bona-Mahony (BBM) equation for seeking their travelling
wave solutions. We first transform each equation into an equivalent two-dimensional planar autonomous system then use
the first integral method to find one first integral which enables us to reduce The generalized Benjamin-Bona-Mahony
(BBM) equation to a first-order integrable ordinary differential equations. Finally, a class of travelling wave solutions for
the considered equations are obtained . These solutions include complex exponential function solutions. We believe that
this method can be applied widely to many other nonlinear evolution equations, and this will be done in a future work.
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