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Abstract—Exact solutions of the coupled Higgs and Maccari Integrating the second equation in the system and neglect-
system are obtained. Travelling wave solutions of coupled Higgs ing the constant of integration we get
equation and Maccari system in the form of Jacobi’s elliptical

functions are presented. (A +1)V =U? 5)
Index Terms—exact solutions, coupled Higgs equation, Mac- Substituting (5) into first equation of system (4), we find
cari system
(E+ DU+ E+ 1)U +U? =0. (6)
I. INTRODUCTION Integrating equation (6) we get
OMPLEX physical phenomena in various fields of sci- ) U4 Cy
ially in fluid mechanics, solid hysi U =g = U+ s, (7
ences, especially in fluid mechanics, solid state physics, 20 + 1) 22 + 1)

plasma physics, plasma wave and chemical physics are rep-
resented by nonlinear evolution equations (NEEs). Analytical
solutions of such equations are of fundamental importance.

where C is arbitrary constant. Again integrating we get
following solution of equation (6)

In the literature, quite a few methods have been proposed for asv/2sn (1 /2 \/ 2as +2Vas? +dajazé + Cs, m)
constructing explicit travelling and solitary wave solutions of U(¢) = ,
nonlinear evolution equations, such as the inverse scattering \/ a3 (a2 + Vag® + 4ara3)
method [1], tanh-sech method by author(s) [8], [10], sine (8)
cosine method [2], [9], [11], ansatz method [4], etc. where sn is Jacobi elliptic sine function and
The coupled Higgs equation [6]
Uty — Ugz + |ul*u — 2uv = 0 | m = \/_2 (2 aastastrazy a22+4a1u3)a1a3 9
Vit + Ugy — (|u|2)mz = 07 ( ) " 2a1a3+a22+a2\/a22+4a1a3 ’ ( )

_ — 2 _ 1
a; = 5 as =T az = o) .
. . . 2(c2+1)° ) 2(c2+1
describes a system of conserved scalar nucleons interacting (e*+1) (e*+1)

with neutral scalar mesons. Corresponding solution of Higgs field equation is
Att11'10 Maccari derived a new integrable (2 + 1)-dimensional . (1 /2 \/2 wat2/asirdaias (w+ct>+027m)
nonlinear system [5] u(z,t) = elir(ca+t))

\/as(a2+ a22+4a1a3)
2
vt + Vy =+ (‘u|2)$ =0. 2(13571(1/2 \/2 as+2+/az2+4 alag(w—i-ct)-l—cz,m)

The integrability property was explicitly demonstrated and (c2 +1)(a2 +1/az2 +4a1a3)
the Lax pair was also obtained. (10)
Bekir in [2] looked for exact solutions of the coupled Higgs where m, ay,as and asz are given by (9).

[6] and Maccari system [5] using the tanh-coth [10] and the

sine-cosine [7], [11] methods.

Uy + Uy +uv =0

2

v(x,t) =

)

B. Maccari system

II. TRAVELLING WAVE SOLUTIONS Let us consider the travelling wave solution of Maccari

A. Coupled Higgs equation system (2) in the form

Assume that coupled Higgs equation (1) has a travelling w— eieU(f) v =V(E),0 =pr+qutrt,E =z +y+et

wave solution in the form an
u=e%U(¢), v=V(€), =pr+rt, ¢E=x+ct, (3) and corresponding system of ODEs is
2 _
where p, r, ¢ are arbitrary constants. Substitution of (3) into U’ —(r+ ,P v +/UV =0 (12)
Eq. (1) reduces the PDEs to system of ordinary differential (1=2p)V'+20U" = 0.
equations (ODEs) with condition ¢ = —2p.
(2= DU +72(c2 - 1)U —2UV +U® =0 @ I.ntegrati.ng the second equation and neglecting the constant
(62 + 1)V// _ Q(U/)Q —oUU" = 0, of Integration we find
with condition p = rc. 2p -1V =U> (13)
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Fig. 1. Periodic solution u(z, t) given by (10), for Higgs equation (1) with  Fig. 2. Dromion solution u(x,t) given by (18) for Maccari system (2) with
parameters r = —1,¢ = —-1,C1 =1,C2 =0 parameters r = 1,p=2,q=—-1,y=1,C1 = —-1,C2 =0

Now we will give Jacobi elliptic sine function solution of  [3] Y. C. Hon, E. G. Fan, “A series of exact solutions for coupled

Maccari system (2). Integrating equation (14) we get Higg§ field equati.on and coupled Schrodinger-Boussinesq equation”,
Nonlinear Analysis, Vol. 71, pp. 3501-3508, 2009.
2 U 4 Cl [4] E. V. Krishnan, A. H. Kara, S. Kumar, A. Biswas, “Topological soli-
U= —"—— + (r+ pz)U2 + , (15) tons, cnoidal waves and conservation laws of coupled wave equations”
2(1 —2p) 2(1 - 2p) Indian Journal of Physics, Vol. 87, pp. 1233-1241, 2013.

[5] A. Maccari, “The Kadomtsev-Petviashvili equation as a source of
integrable model equations”, Journal of Mathematical Physics, Vol.

37, pp. 6207-6212, 1996.
as \/Esn (1/2 \/—2 as + 2+ a22 —4day a3£ + Cs, m) [6] M. Tajiri, “On N-soliton solutions of coupled Higgs field equation”,

where (' is arbitrary constant. Again integrating we get

) = , Journal of the Physical Society of Japan, Vol. 52, pp. 2277-2280, 1983.
\/ as (7 as + /a22 —4q 1 ag) [71 A. M.. Wizwaz, “A si.ne—cosine method for hanfiling nonlinear wave
equations”, Mathematical and Computer Modelling, Vol. 40, pp. 499-

(16) 508, 2004.

where sn is Jacobi elliptic sine function and m,aj,as,a3  [8] A. M. Wazwaz, “The tanh method for travelling wave solutions of
. nonlinear equations”, Applied Mathematics and Computation, Vol.

I 1ven

are given by 154, pp. 713723, 2004.

[91 A. M. Wazwaz, “Nonlinear variants of KdV and KP equations with
\/_2 (2‘11‘13_“22"'“2 Vaz?—4 alaS)alaii compactons, solitons and periodic solutions”, Communications in
2 ayas—an?tan \/(12274(11[13 ) (17 Iz\’ggslmear Science and Numerical Simulatation Vol. 10 pp. 451463,
__1 _ 2 _ -
ay = 2(1—2p)° ax =r+p°, az= 2(1_12p) . [10] A.M. Wazwaz, “The tanhcoth and the sech methods for exact solutions
. . . o of the JaulentMiodek equation”, Physics Letters A, Vol. 366 pp. 8590,
Corresponding solution of Maccari system (2) is given as 2007.
[11] E. Yusufoglu, A. Bekir, “Solitons and periodic solutions of coupled
U(x ) t) = nonlinear evolution equations by using sine-cosine method”, Interna-
as \/isn(l/z \/72a2+2 \/m(:v+y72pt)+02,m) tional Journal of Computer Mathematics, Vol. 83 pp. 915-924, 2006.
elilprtaytrt))

\/(13 (—ag—i— az?2—4 {11(13)
2
2a35n<1/2 \/72 as+2+/az2—4 a1a3(m+y72pt)+02,m)

(2p—1) (—a2+\/022—4 a1a3)

v(z,t) = ,

(18)
where m, a1, as and agz are given by (17).

III. CONCLUSION

In this paper, we have given the exact travelling wave
solutions of both the complex systems,coupled Higgs field
equation and Maccari system, in form of Jacobi elliptical
functions and authenticity of all the solutions have been
checked using software MAPLE.
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