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Abstract: In the present paper, we construct the travelling wave solutions involving parameters
of the (1+1) dimensional dispersive long wave equations, the (1+1)- dimensional Broer- Kaup
system of equations and the variant Boussinesq equations by using a new approach, namely the
(%)— expansion method, where G = G(§) satisfies a second order linear ordinary differential
equation .When the parameters are taken special values, the solitary waves are derived from
the travelling waves. The travelling waves solutions are expressed by hyperbolic, trigonometric

and the rational functions.
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1 Introduction

In recent years, the exact solutions of nonlinear PDEs have been investigated by many outhers( see for
example [1-43] ) who are interested in nonlinear physical phenomena. Many powerful methods have been
presented by those authors such as the homogeneous balance method [24,35], the hyperbolic tangent ex-
pansion method [30,37], the trial function method [17], the tanh-method [2,7,31,36], the nonlinear trans-
form method [16], the inverse scattering transform [1], the Backlund transform [21,23], the Hirota’s bi-
linear method [11,12], the generalized Riccati equation [29,32], the Weierstrass elliptic function method
[22], the theta function method [ 6- 8], the Sine-Cosine method [34], the Jacobi elliptic function expansion
[5,18,20,33,35,38,40], the complex hyperbolic function method [3,39], the truncated Painleve expansion [4],
the F-expansion method [25-27], the rank analysis method [10], the ansatz method [14-16], the exp-function
expansion method [13], the sub- ODE. method [19,28] and so on.

In the present paper, we shall use a new method which is called the (% )—expansion method [29,41,42].
This method is firstly proposed by which the traveling wave solutions of nonlinear equations are obtained.
The main idea of this method is that the traveling wave solutions of nonlinear equations can be expressed
by apolynomial in (%),where G = G(¢) satisfies the second order linear ordinary differential equation
G"(€) + MG'(€) + uG(€) = 0, where £ = x — Vt, where A, and V are constants. The degree of
this polynomial can be determined by considering the homogeneous balance between the highest order
derivatives and the nonlinear terms appearing in the given nonlinear equations .The coefficients of this
polynomial can be obtained by solving a set of algebraic equations resulted from the process of using the
proposed method . In this paper, the (% )—expansion method will play an important role in expressing the
traveling wave solutions of the (1+1)- dimensional dispersive long wave equations, the (1+1)- dimensional
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Broer- Kaup equations and the (1+1)- dimensional variant Boussinesq equations in terms of hyperbolic,
trigonometric and rational functions.

2 Description of the (%)-expansion method
Suppose that we have a nonlinear PDE in the following form:
P(“‘a Uty Ugy Utty Ugty Uggy -+ ) — 07 (1)

where u = u(x,t) is an unknown function, P is a polynomial in u = u(x,t) and its partial derivatives, in
which the highest order derivatives and nonlinear terms are involved. Let us now give the main steps [29]
for solving Eq. (1) using the (%)—expansion method:

Step 1. The traveling wave variable

w(z,t) =u(§), E{=x-Vi 2

where V' is a constant, permits us reducing Eq. (1) to an ODE for u = u() in the form

P(u7 _VU‘y ’U,‘, V2U”, —VU”, u”7 """ ) = 0. (3)

Step 2. Suppose that the solution of (3) can be expressed by a polynomial in (%) as follows:

wo = 3o (S @

=0

where G = G/(§) satisfies the second order linear differential equation in the form:

G+ )G +uG =0, 5)

where «;(i = 0,1, ...,m), A and p are constants to be determined later, c,, # 0. The positive integer m can
be determined by considering the homogeneous balance between the highest order derivatives and nonlinear
terms appearing in (3). /

Step 3. Substituting (4) into (3) and using (5), collecting all terms with the same order of (%) together,
and then equating each coefficient of the resulted polynomial to zero, yields a set of algebraic equations for
Ay Oy — 15 -0y Q) V, A and Mo

Step 4. Since the general solutions of (5) have been well known for us, then substituting o, tp—1, ...,
ap, V and the general solutions of (5) into (4) we have more traveling wave solutions of the nonlinear
differential equation (1).

3 Some applications

In this section, we apply the (%) - expansion method to construct the traveling wave solutions for some
nonlinear partial differential equations vie the (1+1)- dimensional dispersive long wave equations, the (1+1)-
dimensional Broer- Kaup system of equations and the (1+1)- dimensional variant Boussinesq equations
which are very important in the mathematical physics and have been paid attention by many researchers .

3.1 Example 1. The (1+1)- dimensional dispersive long wave equations

We start with the following (1+1)- dimensional dispersive long wave equations [2,5] in the forms

ut + uug + v, =0, (6)

and 1
v + (uvy, + 3 Uaae = 0, 7
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where v is the elevation of the water wave and u is the surface velocity of water along x- direction. The
traveling wave variables below

u(m,t) = u(f)v v(a:,t) = ’U(f), §=x—Vi, (3

permit us converting equation (6) and (7) into ODEs for u(z,t) = u(§) and v(z,t) = v(&) as follows:

—Vu' +uu' +v' =0, )
and
1
Vo' + (wv)' + gu”' =0, (10)

where V' is a constant. On integrating (9) and (10) with respect to £ once, we get
L o
C’l—Vu+§u +v =0, (11)

and

1
Cy—Vov+uv+ gu” =0, (12)

where C'1 and Cy are integration constants.
Suppose that the solutions of the ODEs (11) and (12) can be expressed by polynomials in terms of (%)

as follows: A
u(€) = Za (g) (13)
and A
n G i
o -3 5(g) 14
0

where o; (i = 0,1,2,...,m) and §B; (j = 0,1,2,...,n) are arbitrary constants, while G(&) satisfies the
following second order linear ODE in the form:

G+ \G' + uG = 0, (15)

where A and p are constants. Considering the homogeneous balance between the highest order derivatives
and the nonlinear terms in (11) and (12), we get :

o
u(§) = <G> +ap, a1 #0, (16)
and
A\’ el
U(E) = 62 (G) +61 (G> +607 62 7é Oa (17)
where ag, a1, By, 81 and (s are arbitrary constants. Consequently, we have
A\’ el
u?(€) =of <G) + 20001 (G> +ag, (18)
and
< 3 2 ,
G G G
u"(€) =20 <G> + 3\ <G> + a1 (21 + \?) (G) + a1 . (19)
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On substituting (16) -(19) into (11) and (12), collecting all terms with the same powers of ( ) and setting

them to zero. Consequently, we have the following system of algebraic equations

—Vay +ajag + 61
1

15
20414‘52

1
Ci—Vag+ 5043 + Bo

1
—V 1+ a1 + B + §a1(2u + %)
—V B2+ apfe + 181 + a1 A

2
a1 82 + gal

1
Cy — VB + aofBo + galAM

On solving the above algebraic equations (20) by using the Maple or Mathematica, we have

" 2 3 2
(87 = _— — — —
1 \/ga 2 3
1 2
V = 7)\ — —
0404[\/3 : b1 3
2
BO = —gﬁ%
1 1 2
Ci = -afF —=A
1 2a0:|:\/§ a0+3Ma
Cy = 0.

and
G 2 G 2
v(§) =—3 <G _3/\<G> ~ 3
where 1
§:x—(ag$%/\)t

On solving Eq.(15), we deduce for A? — 44 > 0 that

9

=Y

G 1 SV Acosh(% (A2 —4p) &) + Bsinh(3
— 4y
3V (A2 —4p) €) + Beosh(3

where A and B are arbitrary constants.

From (25), (22) and (23),we deduce the following three types of traveling wave solutions:

Case1.If \? — 4y > 0, then we have

A
>+O[0:F\/§7

u(e) =+, X4 Acosh(31/(A\2 — 4p)€) + Bsinh(5/(A* —
38 Asinh(1/(02 —4p)¢) + Beosh(L/(\2 —
and
(&) :_()\2_ m) <Acosh(§ (A2 — 4p)€) + Bsinh(3/(A2 — 4p)§)
0 Asinh(3+/(A2 — 4p)€) + B cosh(5+/ (A% — 4p)€)
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Case 2. If \? — 4 < 0, then we have

w(@) = o) G2 —Asin(gVAp - M) + Beos(p/Au - MO X oo
B 3\ Acos(byau— ) + Bsin(by/Iu—xg) ) 0T VB
and )
o(€) = _(4/;—)3) —Asin(%\/mf)+Bc0s(%\/4,u—)\2§) +)\72 2 29
a 6 Acos(%\/mf)+Bsin(%\/4u—)\2£) 6 3

Case 3. If \? — 4, = 0, then we have

2 B A
=4+ —— —, 30
u(§) \/§<A+B§)+QOZF\/§ (30)
and ) )
2 B A 21
”(5)__3(A+B§> T T3 D
In particular, if A =0,B # 0, A > 0, u = 0, then we get from (26) and (27) that:
1 A A
u(§) = i%)\ tanh(5€) + a0 F 7 (32)
and )
0(€) = Tsech®(56), (33)
where )
f=z—(aF ﬁk)t, (34)

which represent the solitary wave solutions of the (1+1)- dimensional dispersive long wave equations (6)
and (7) .

3.2 Example 2. The (1+1) - dimensional Broer- Kaup equations

In this subsection, we study the following (1+1) - dimensional Broer- Kaup equations [43] in the form:

1
Ut = Uy + Vg — 5“9036’ (35)
and 1
vy = (uv), + oV (36)

This system describes the bi-directional propagation of long wave in shallow water. The traveling wave
variables (8) permit us converting Eqs. (35) and (36) into ODEs in the forms:

1
—Vu' —uu' —v' + §u” =0, 37
and )
Vo' — (uwv)' — 52}” =0, (38)
On integrating (37), (38) with respect to £ once, we get
1 2 1 I
Ci—Vu—=u*—v+ -u' =0, 39)
2 2
and )
Co—Vv—uv— 57}' =0, (40)
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where C'1 and (5 are integration constants. ’

Suppose that the solutions of the ODEs (39) and (40) can be expressed by polynomials in terms of (%)
as in (13) and (14). Considering the homogeneous balance between the highest order derivatives and the
nonlinear terms in (39) and (40), we get :

u(§) =g (g) +ap, a1 #0, 41)
and L )
o0 =5 (G) 40 (G)+ s )
Consequently, we have
" 2 ,

u'(§) = —a (g) — Ao (g) — pag, (43)

and s L ]
v'(§) = —202 (g) — (2AB2 + () (g) — (2up2 + A1) (g) — Bip. (44)

On substituting (41)-(44) into (39) and (40), collecting all terms with the same powers of (%) and
setting them to zero. Consequently, we have the following system of algebraic equations:

1
—Va; —ajag — p1 — 5)\061 = 0,
1 1
—504% — P2 — z0 = 0,
1, 1
Cl — VOéO - 5(10 —,80 — §ua1 = O,

VB — a1 — aofr + %(2/%52 +A61) = 0,

1
VB2 —apf — a1 51 + 5(”\52 +p61) = 0,
—a1f2+ B2 = 0,
1
Co —V By — apfBp + 551# = 0. (45)

On solving the algebraic equations (45) by using the Maple or Mathematica, we have

a1 = 1, 52 = _17
1
V = —ap + 5)\7 /61 = 7)‘5
/60 = M
1 1 1
Cl = —§ag — 5# + 5)\0[(),
Cy = 0. (46)

Substituting (46) into (41) and (42) yields

u(§) = (g) + ay, 47
and o, ,
w0 = (g) -2 (g) - 8)
where ,
§=u+ (an— A (49)
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From (25) and (47) and (48), we deduce the following three types of traveling wave solutions:
Case1.If \? — 4y > 0, then we have

1 5 Acosh(3+/(A% — 4p)€) + Bsinh(3+/(A2 — 4p)€) A
ue) = 2 (A=) <Asinh(§ (N2 —4p)é) + Bcosh(% (A2 —4p)€) a0 2’ 0
and
(=4 (Acosh(E/I¥ = 4)6) + Bsinh(3V/0Z —dwe)\" A2
(&) = - (Asmh(; 7 —10¢) + Beosh(L /02 —dpe)) & M OV

Case 2. If \? — 4y < 0, then we have

1 —Asin(E\/4p — N26) + Bcos(:\/4p — \2€) A
=~/ (4u — )2 2 2 +ap— =, 52
ul) 2 4y ) ( Acos(3/4p — A2) + Bsin(3/4p — A2) 0T 42
and )
o(€) __(4u—/\2) —Asin(3\/4p — X2€) + Bcos(3+/4p — N2€) +)\72 B 53)
B 4 Acos(3/4p — A2) + Bsin(3/4p — A2) g
Case 3. If \? — 4. = 0, then we have
B
and ) )
B A
v(§) :_(A—i—B§> T T (55)
In particular, if A =0, B # 0, A > 0, u = 0, then we get from (50) and (51) that:
1 A A
u(§) = iAtanh(gf) T a0 =5 (56)
and 2 \
_ 202
v(§) = 1 sech (25), (57)
where 1
E=x+ (ap — 5)\)75. (58)

which represent the solitary wave solutions of the (1+1) - dimensional Broer- Kaup system of equations (35)
and (36) .

3.3 Example 3. The (1+1)- dimensional variant Boussinesq equations

In this subsection, we consider the following (1+1)- dimensional variant Boussinesq equations [9,20,24,34]
in the form:
v+ Uy + (VU)p — QUggr = 0, 59)

and
Ut + Uy + UV — 30Uz = 0, (60)

where « is a constant. As models for water waves, u is the velocity and v is the total depth. Wang [24]
obtained their solitary wave solutions by using homogeneous balance method while Fan et al [9] got a series
of new traveling wave solutions of this system by using an algebraic method. The traveling wave variables
(8) permit us converting the equations (59) and (60) into ODEs in the forms:

Vo' 4u+ (vu) —au" =0, (61)
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and
—Vu +uu' +0 +3aVu" =0, (62)
On integrating (61) and (62) with respect to £ once, we get
Ci—Vuv+u+ovu—au" =0, (63)
and 1
Co—Vu+ §u2 +v+3aVu" =0, (64)

where C and Cs are integration constants. Considering the homogeneous balance between the highest
order derivatives and the nonlinear terms in (63) and (64), we get :

A\’ el
u(§) = az <G> + (G) +ap, az#0, (65)
and )
el el
,U(f) = 62 <G> + ﬁl (G) + /607 62 7& 07 (66)
Consequently, we have
a\! a\® aN?
u'(€) = 6ag | =) + (2014 10a\) [ = ) + (8asp + 3Xay +4a0)?) [ = ) +
G G G
o
(6agp + 2uay + ay %) <G) + 2001 + M\, (67)
and 4 N 3 " 2 ,
G G G G
u2(§) = ozg <G> + 2a001 <G> + (oz% + 200010) <G) + 2apa <G> + ozg . (68)

On substituting (65)-(66) into (63) and (64), collecting all terms with the same powers of (%) and
setting them to zero. Consequently, we have the following system of algebraic equations

—VB1 + o + aoB + Boar — a(baoph + 200+ arA® = 0,
—V By 4+ ag + apfs + fraq + Boag — 04(8042# + 3o A + 40&2)\2) = 0,
Bocr + azfi — (201 + 10 agA) = 0,
Bgag — 60[20( = 0,
Ch—VBy+ ag+ agBy — 04(2042,u2 + a1 n) = 0,
—Vay 4+ agag + 1 + 3aV (6agp + 201+ a1 A?) = 0, (69)
1
—Vas + 5&% + B2 + asag + 3aV (8anu 4 3a1 X + daz)?) = 0,
azar +3aV (201 +10 apX) = 0,
1
504% +18Vaay = 0,
1
Cy—Vag+ 5043 + Bo + 3aV (2a9u® + andu) = 0.
On solving the algebraic equations (69) by using the Maple or Mathematica, we have
ar = —36aV, ay; = —36 a\V,
52 = 6aa /31 = 6AO(,
1
= —1+4 oY S Ep—
Bo +dpa+ oA+ o
1
a0 = —24paV —3aVNZ+V + AR (70)
3 1
LV — 1202V )2 4 2402V 2 4 o2V -
Ch %4 VN + 24a°V u* + 5 VA 51673
1 9 1
— 14 V2~ 7902122 2172 02 — 2021204 — '
Co +2V 7207V p” + 360V 2aV 51772
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Substituting (70) into (65) and (66), we get

Il 2 o .
u(§) = —-36aV <G) —36 a\V <G) —24paV —3aVA2 -V — A
and ., /
G G 1, 1
where

E=x—Vt.

From (25) , (71) and (72) we have the following three types of traveling wave solutions:
Case1.If \? —4yu > 0, then we have
A cosh(

(A2 = 4p)§) + Bsinh(3 /(A — 4p)§)

u(§) = —9aV(\—4p) (

DO (D=

Asinh(54/(AN? — 4p)€) + B cosh(54/(A2 — 4p)&)

O [

6aVA2 — 240V +V + —
(6} noV + +6V’

and
(A2 —4p)§) + B sinh(

v(€) = (A2 — 40)€) + B cosh(

3a(A\? —4p) <Acosh( i
1
2

(A2 —4p)¢)

Case 2. If \? — 4. < 0, then we have

(&) 9aV (4 — N2) —Asin(%\/mf) +Bcos(%\/m§) 2
u — _9a _
Iz Acos(dy/4p — N2E) + Bsin(3/4u — N2¢)
6aVA® — 24puaV +V + %,

and

2

02— 1p)¢) ) ’

2
) +
4

_|_

o(E) = 3a(dp — A?) <_Asm(§\/m§)+3€os(é\/mg)>2+

Acos(3v/4p — X2€) + Bsin($+/4p — A2¢)

—a\? — 14 4pa +

1
36V2 "
Case 3. If \? — 4y = 0, then we have
1

u(§) = —36aV ( e

124 6aV A2 — 24paV +V +

A+BE

and

v(€) = b B 2—04)\2—1—1—4 a+ !
P\ A+ B¢ HET 36v2
In particular, if A =0, B # 0, A > 0, u = 0, then we deduce from (74) and (75) that:

A 1
=9aV sech?(Z€) —3aVA2 +V + —
u(§) aV sec (25) o tV+ o

and

— h 14+ = [
v(§) 2a)\ sec (25) + 204)\ + 3672
where

E=xz -Vt

which represent the solitary wave solutions of the variant Boussinesq equations (59) and (60) .
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