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Sine-cosine method for a class of nonlinear fourth order
variant of a generalized Camassa-Holm equation

Abstract

In this paper we study a class of nonlinear fourth order analogue of a generalized Camassa-
Holm equation by using sine-cosine method. The compactons, solitary wave, solitary patterns,
periodic wave and solitary patterns solutions of a class of nonlinear fourth order analogue of a
generalized Camassa-Holm equation are successfully obtained. These solutions may be important
of significance for the explanation of some practical physical problems. It is shown that the sine-
cosine provides a powerful mathematical tool for solving a great many nonlinear partial differential
equations in mathematical physics.
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1 Introduction

Studies of various physical structures of nonlinear dispersive equations had attracted much
attention in connection with the important problems that arise in scientific applications. Mathematically,
these physical structures have been studied by using various analytical methods, such as inverse
scattering method [1], Darboux transformation method [2,3], Hirota bilinear method [4], Lie group
method [5], bifurcation method of dynamic systems [6,7,8], sine-cosine method [9], tanh function
method [10-12], Fan-expansion method [13], homogenous balance method [14] and so on. Practically,
there is no unified technique that can be employed to handle all types of nonlinear differential equations.

In 1999, Clarkson and Priestley [15] studied a class of nonlinear fourth order partial differential
equations

wer = (au + bu?)pw + VUlgrrs + Moot + CUplizrs + Busy, (1.1)

where «, 3,7, i, a, b are arbitrary constants. This equation was thought of [15] as a fourth order
analogue of a generalization of the Camassa-Holm equation. Further, Eqg. (1.1) was also considered
as a Boussinesqg-type equation. In [15], it was shown that (1.1) admits both conventional solitons and
compactons.
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Motivated by the rich treasure of the Camassa-Holm-type equation in the literature, we will
study nonlinear dispersive variants CH(n,m,m) and CH(-n,-m,-m) of the generalized Camassa-Holm
equation of the form, respectively

uge = (au + bu"™ + du™)pe + k(U™) zote, m,n € VAl (1.2)

and

wee = (au+bu”" 4+ du”)ax + k(™) gzet, myn € Z1 (1.3)
Specially, when n = m, the two equations respectively called nonlinear dispersive variants CH(n,n)
and CH(-n,-n) of the generalized Camassa-Holm equation [16]. In [2], A.M. Wazwaz studied the
CH(n,n) and CH(-n,-n) equations by using sine-cosine method, it is shown that these class give
compactons, conventional solitons, solitary patterns and periodic solutions. It is also found that the
qualitative change in the physical structure of solutions depends mainly on the exponent of the wave
function u(z, t), positive or negative, and on the coefficient of (u™)” as well.

The sine-cosine method will be mainly used to back up our analysis. The sine-cosine method
was proved to be powerful in handling nonlinear problems, with genuine nonlinear dispersion, where
compactons and solitary patterns solutions are generated. This method will be described briefly,
where details can be found in [9-12,17] and the references therein.

Let u(z,t) = u(x — ct) = u(), where c is the wave speed. Then Eq.(1.2) and Eq.(1.3) become
to

Au = (au+ bu™ + du™)” + k(™)@ (1.4)
and
2 1 _ —-n —m\/! 2/ —m\(4)
cu' =(au+bu" +du” ") + ke (wT ™), (1.5)
where ”/” is the derivative with respect to £. Integrating Eq. (1.4) and Eq. (1.5) twice, using the
constants of integration to be zero we have the following ordinary differential equation

(a—c)u+bu™ +du™ + k*(u™)" =0 (1.6)
and
(a—Au+bu™" +du ™ + k(™) =0. (1.7)

In what follows, we highlight the main steps of the sine-cosine algorithm and the extended
algorithm.

2 Analysis of the sine-cosine method

The sine-cosine method has been applied for a wide variety of nonlinear problems. The main
features of the method will be reviewed briefly.
We first use the wave variable ¢ = x — ¢t to carry a PDE in two independent variables
P(u7utvuzvuyauzzau1y7uyya"') =0 (21)
into an ODE
Qu,u’, v u",...)=0. (2.2)

Eqg. (2.2) is then integrated as long as all terms contain derivatives where integration constants are
considered zeros.
The sine-cosine method admits the use of the solution in the form

_f xcosP(ug), |pél< E,
u(z,y,t) = { 0, otherwise, (23)

or in the form

_ [ asin®(ug),  |pgl<m,
u(z,y,t) = { 0, otherwise, 24
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where A, u, and g8 are parameters that will be determined. We therefore use
u(€) = Acos” (),
u™(€) = A" cos™ (), u”" () = A" cos " (ug), (2.5)
(") = —n®p® BEA" cos™ (u€) + np® A" B(nfB — 1) cos™” % (ug),

and for (2.4) we use
u(€) = Asin” (ug),

u™(€) = A" sin™ (u€), u”"(€) = A" sin ™" k), (2.6)
(") = —n?p? BN sin™ () + np® A" B(nfB — 1) sin"? 72 (ug).

We substitute (2.3) or (2.4) into the reduced ordinary differential equation obtained above in
(2.2), balance the terms of the cosine functions when (2.3) is used, or balance the terms of the sine
functions when (2.4) is used, and solving the resulting system of algebraic equations by using the
computerized symbolic calculations to obtain all possible valuse of the parameters A, i and .

3 Using the sine-cosine method

3.1 For positive exponents
Substituting (2.5) into (1.6) yields
(a — )X cos” (u€) + bA™ cos™ () + dA™ cos™” (ug)

+c kmp® BA™ (mB — 1) cos™? 72 (pg) — mB cos™ (ug)) = 0. (3.1)
Eqg. (3.1) is satisfied only if the following system of algebraic equations holds:

mB#£1, a—c*=0, n8=mpB—2,

A" = —Ckmp® A" B(mpB — 1), AN = Ckm*u® 3PN (3.2)
Solving the system (3.2) give
1
1 s, 2 _ L |m=n| [d | d(m+n)|»—m
ﬁ#m’a_c’ﬁ_mfn’u_i 2m ‘ a’)\_[ —2bm ' (3.3)

The results (3.3) can be easily obtained if we also use the sine method (2.6).
Form > n,l € Z*,h € Z*,combining (3.3) with (2.5) and (2.6), we have the following compactons

solutions:
1
—2b 2 — d men
+ |:d(m+72) cos ’W;mn| \/%(l’ - Ct):| 5
Ul =
' men 2w —ct)| <5, m—n=2l,a>0,dk>0, bd <0,
0, otherwise, (3.4)
1
—obm . 7 m—n
[d(m+n) cos ’ 2m ’ \/ R(m - Ct):| 5
Uo =
’ oy e —et)| <5, m—n=2h—1a>0, dk>0,
0, otherwise, (3.5)
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1
—2b 02 | m— / d mon
+ |:d(m+7:LL) sin ’ ";mn ’ ﬁ(x - Ct):| s
U3 =
’ menJd(z—ct) <m, m—n=2l,a>0,dk>0, bd <0,
) otherwise (3.6)
and
1
b 2 I men 7 m—n
[d(m+n) s ‘ 2m | \/;(13 - Ct):| 3
u. =
’ men A (z—ct)|<m, m—n=2h—1,a>0, dk>0,
0, otherwise. (3.7)

However, for dk < 0, we obtain the following solitary patterns solutions:

1
—2bm olm—n| /—d men
us = £ dm + 1) cos 2 py (z ct):| M —n l,a>0,dk <0, bd<0, (3.8)
1
| —2bm aolm-—n| /—d men B
ws = | gy O o ’,/ — (@ ct)] ,m-n=2h-1,a>0,dk<0, (3.9)
- - 1
B 2bm . .. m—n| |—d men B
ur = | oo sin | ’Mak(az ct) ;m—n=2l,a>0,dk<0,bd>0 (3.10)
and
- - 1
2bm s lm—mn —d me
= h ‘ V(- —n=2h-1 . 11
us dm + 1) sin o py (z —ct) ,m—n=2h—-1,a>0,dk<0 (3.11)
Form < n, 1 € Z*,h € ZT, combining (3.3) with (2.5) and (2.6), the following periodic wave
solutions:
1
. |dm+n) 5 mfn‘ [ d e B
ug = £ oo 5 | "5 o (z —ct) ,n—m=2l,a>0,dk>0,bd <0, (3.12)
1
_ldm4+n) o m—n‘ /[ d e B
ui0 = | =g sec” | " (x — ct) ,n—m=2h—1,a>0, dk >0, (3.13)
- - 1
dim+n) om-mn| [d e
— — _— —_ = .1
upp =+ ot ¢ | "o ‘ e (x —ct) ,n—m=2l,a>0,dk>0,bd <0 (3.14)
and
- - 1
~|ldim+n) g.m—n‘ [ d e B
w2 = | = eset | o o (z — ct) ,m—m=2h—1, a>0, dk>0. (3.15)

However, for dk < 0, we obtain the following solitary wave and solitary patterns solutions:

d(m +n)

2
sech

U13:i

—2bm

1
m-—n| [—d e
o ’ ak(x—ct):| ,n—m=2l, a>0, dk <0, bd <0, (3.16)
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d(m +n)

2
—obm sech

U4 =

1

m-—n| |—d e
—(x — —m=2h—-1 0, dk <0 3.17
S ’ ak(m ct):| ,n—m h , a>0, <0, ( )

1

uis = & d(m—’—n)csch2 m27_nn‘\/;—:(x—ct) ,m—m=2l,a>0,dk <0, bd >0 (3.18)

2bm

and

1

d(m +n) 2 m—n’ [—d 1=
= —(z — -—m=2h—1 dk . 1
U16 5o csch T s (z — ct) ,m—m ,a>0,dk<0 (3.19)

3.2 For negative exponents
We consider Eqg. (1.3) equation. Substituting (2.5) into (1.7) yields
(a— A Acos” (&) + bA™" cos ™™ (u€) + dA™™ cos ™™ (ug)

+Ekmp” B ((mB + 1) cos™ ™ 72 (u€) — mBeos™ ™ (ug)) = 0. (3.20)
Eq. (3.20) is satisfied only if the following system of algebraic equations holds:

mB+#—-1,a—c*=0, n8=mB+2,

AT = —CkmpP AT B(mB 4+ 1), dAT = CkmP 8PN (3.21)
Solving the system (3.21) give
1
1l e, 2 _ o m=n| [d | _[dm+n)|m"
s m’a_c’ﬂ_n—m’u_i 2m ‘ a’)\_{ —2bm ' (3.22)

The results (3.22) can be easily obtained if we also use the sine method (2.6).
Forn > m, 1 € Z*t,h € ZT, combining (3.22) with (2.5) and (2.6), the following compactons

solutions:
1
|ty o [t [ o - e
U7 =
N ’Z;"\/g(w—ct)‘<%,n—m:2l,a>0, dk >0, bd < 0,
0, otherwise, (3.23)
1
[ ot 2] k-]
Uig =
b T %(w—ct)’<§,n—mzzh—l,a>o,dk>o,
0, otherwise, (3.24)
1
b e 2 lmen y em
+ |:d(’m+n) s ’ 2m | E(‘T - Ct):| 5
u =
” S %(w—ct)’@r,n—m:‘z‘l,a>0,dk>o,bd<o,
0, otherwise (3.25)
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and

1
—2bm_ ;2 |m=—n| |.d e
|:d(m+n) sm } 2m | E(x_Ct):| ’

U =
” "5;"\/11%@*61‘/)‘<7ﬂn*m=2h—1,a>0,dk>0,

0, otherwise. (3.26)

However, for dk < 0, we obtain the following solitary patterns solutions:

—2bm alm—n| /—d o
=+ h ‘,/— - —m=2 2
U21 dm + 1) cos 2 py (z ct)] Sn—m l,a>0,dk <0, bd <0, (3.27)
1
—2bm sm—n| /—d nom
h ’,/— — —m=2h—1 2
U22 dm + 1) cos o pyR (z ct)] ,m—m=2h—1,a>0,dk <0, (3.28)
1
U = & | -2 Ginh? m‘"‘,/‘—d(m—aﬁ) i m =l a>0,dk<0, bd>0 (3.29)
BT dim+n) 2m ak ’ o ’ ’ '
and
1
2bm . . m—n| |—d nem
_ h ’1/7 _ —m=2h-1 : :
U24 dm + 1) sin o > (z ct)] ,m—m=2h—1,a>0,dk<0 (3.30)

Forn < m, 1 € Z*,h € Z*,combining (3.14) with (2.5) and (2.6), the following periodic wave

solutions:
1
_ dlm+n) 5 m—n‘ /[ d e _
Uzs = £ oo ¢ | o e (z —ct) ,m—m=2l,a>0,dk>0, bd <0, (3.31)
1
_|ldm+n) m—n’ [ d men B
Uze = | T o secT | py (z —ct) ,m—m=22h—1, a >0, dk > 0, (3.32)
1
B dim+n) oim-n| | d e B
ugr = =+ oo ¢ | o ‘ J(ac —ct) ,n—m=2l,a>0,dk>0,bd<0 (3.33)
and
1
_ldim4+n) 5 m—n‘ [ d e B
uss = |~ esc | py (z — ct) ,m—m=2h—1,a>0, dk > 0. (3.34)

However, for dk < 0, we obtain the following solitary wave and solitary patterns solutions:

1
| dim+n) 2 mfn‘ [—d men B
U9 = & Y= sech - s (z — ct) ,m—m=2l,a>0, dk <0, bd <0, (3.35)
1
_|d(m+n) 2 mfn‘ [—d e B
uso = | =5 sech 5 pr (z — ct) ,m—m=2h—1,a>0,dk<0, (3.36)
1
d(m +n) 2 mfn‘ [—d men
=+ _ _ — =2 .
u31 ST csch o py (x —ct) ,n—m=2l,a>0,dk <0, bd>0 (3.37)
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and

1

m—n

d(m+n) csch? |™

— n’ —d
2bm 2m

Usy = ak(x—ct)] ,nm—m=2h—1,a>0,dk<0. (3.38)

4 Discussion

By using the sine-cosine method to study a class of nonlinear fourth order variant of a generalized
Camassa-Holm equation the results are similar to the reference [2,9] conclusion. The study of
compactons may give insight into many scientific processes such as the super deformed nuclei,
preformation of cluster in hydrodynamic models, the fission of liquid drops (nuclear physics), inertial
fusion and others as discussed in. The basic goal of this work has been the study of a class of
nonlinear fourth order analogue of a generalized Camassa-Holm equation.

The solitary wave and compactons solutions for a class of nonlinear fourth order variant of a
generalized Camassa-Holm equation is obtained analytically by using the sine-cosine method. The
obtained results in this work clearly demonstrate the effect of the purely nonlinear dispersion and
the qualitative change made in the genuinely nonlinear phenomenon. This approach may be applied
to seek traveling wave solutions for other types of nonlinear dispersion partial differential equations
which satisfy certain restrictions.

References

[1] M.J. Ablowitz, P.A. Clarkson, Solitons, Nonlinear Evolution Equations and Inverse Scattering,
Cambridge University Press, London, 1991.

[2] V.B. Matveev, M.A. Salle, Darboux Transformation and Solitons, Springer-Verlag, Berlin, 1991.

[8] C.H. Gu, H.S. Hu, Z.X. Zhou, Darboux Transformations in Soliton Theory and its Geometric
Applications, Shanghai Sci. Tech. Publ.,Shanghai, 1999.

[4] R. Hirota, J. Satsuma, Soliton solutions of a coupled KdV equation, Phys. Lett. A 85 (1981) 407-
408.

[5] PJ. Olver, Applications of Lie Groups to Differential Equations, Springer-Verlag, New York, 1993.

[6] J.B.Li, Z. Liu, Travelling wave solutions for a class of nonlinear dispersive equations, Chin. Ann.
of Math. 23B(2002), 397-418.

[7] L. Zeng and S. Tang, Solitary Wave, Periodic Cusp Wave and Compactons of the (2+1)-
Dimensional KP-Like K(m,n) Equation, British Journal of Mathematics & Computer Science, 2(3)
(2012) 163-175.

[8] D. Feng, T. He, J. Lu, Bifurcations of travelling wave solutions for (2+1)-dimensional Boussinesqg-
type equation, Appl. Math. Comput. 185 (2007) 402-414.

[9] S. Tang, Y. Xiao, Z. Wang, Travelling wave solutions for a class of nonlinear fourth order variant
of a generalized Camassa-Holm equation, Appl. Math. Comput. 210 (2009) 39-47.

[10] S. Tang, J. Zheng, W. Huang, Travelling wave solutions for a class of generalized KdV equation,
Appl. Math. Comput. 215 (2009) 2768-2774.

106


Administrator
高亮


UNDER PEER REVI EV

British Journal of Mathematics and Computer Science X(X), XX=-XX, 20XX

[11] W. Malfliet, W. Hereman, The tanh method: I. Exact solutions of nonlinear evolution and wave
equations, Phys. Scripta 54(1996) 563-568.

[12] W. Malfliet, W. Hereman, The tanh method: Il. Perturbation technique for conservative systems,
Phys. Scripta 54(1996) 569-575.

[13] E.G. Fan, Uniformly constructing a series of explicit exact solutions to nonlinear equations in
mathematical physics, Chaos. Soliton. Fract. 14 (2003) 819-839.

[14] M.L. Wang, Exact solutions for a compound KdV-Burgers equation, Phys. Lett. A 213 (1996)
279-287.

[15] PA. Clarkson, T.J. Priestley, Symmetries of a class of nonlinear fourth order partial differential
equations, J. Nonlinear Math. Phys. 6 (1) (1999) 66-98.

[16] A.M. Wazwaz , A class of nonlinear fourth order variant of a generalized Camassa-Holm
equation with compact and noncompact solutions, Appl. Math. Compt. 165 (2005) 485-501.

[17] A.M. Wazwaz, Solutions of compact and noncompact structures for nonlinear Klein-Gordon-type
equation, Appl. Math. Comput. 134 (2003) 487-500.

©2011 Author1 & Author2; This is an Open Access article distributed under the terms of the Creative Commons
Attribution License |http://creativecommons.org/licenses/by/2.0, which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.

107


http://creativecommons.org/licenses/by/2.0�

