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Abstract. We extended the Jacobi elliptic function expansion method by constructing four new Jacobian
elliptic functions, and apply this method to Zakharov equations for illustration, abundant new doubly periodic
solutions are obtained, these solutions are degenerated to the solitary wave solutions and the triangle function
solutions in the limit cases when the modulus of the Jacobian elliptic functions m—1 or 0, which shows that
the new method is more powerful to seek the exact solutions of the nonlinear partial differential equations in
mathematical physics.
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1 Introduction

In the interaction of laser-plasma the system of Zakharov equation (SZE) plays an important role!!3 191,
This system attracted many scientists’ wide interest and attention. In one dimension, the formation, evolution
and interaction of the Langmuir solution differ from solutions of the KdV equation. In multi-dimensions,
the Langmuir solution will collapse. Since 1980s, the effects including magnetic field have been considered,
and the system of Zakharov equation includes more general form and rich contents. For example, SZE with
Landau damping effect was given in [8, 14]. Under some conditions its inverse scattering transformation has
been found. In [8], the longitudinal and transverse oscillating and magnetic field effect was examined, the
solution properties and collapse in multi-dimensions have been revealed.

More recently, some authors considered the exact and explicit solutions of the system of Zakharov equa-
tions by different methods in [3, 4, 10, 15, 16, 20-22, 24, 25]. In this paper, we consider the system of
Zakharov equations by constructing four new types of Jacobian elliptic functions, and abundant new families
of exact solutions are obtained.

This paper is arranged as follows. In section 2, we briefly describe the new extended Jacobi elliptic
functions expansion method. In section 3, several families of solutions to the Zakharov equations are obtained,
which are degenerated to new solitary wave solutions and new periodic wave solutions in the limit case. In
section 4, some conclusions are given.

2 Summary of the extended jacobi elliptic functions expansion method

In this section, we propose a general method, namely, the extended Jacobi elliptic functions expansion
method, given nonlinear partial differential equation, for instance, in two variables = and ¢, as follows:
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P(”a ut7u$7u1‘x7"') =0 (1)

We seek the following formal solutions of the given system by a new intermediate transformation:

w(@) =Y aF (€ +Y bF T OEE) + Y aF T (OGE) + Y dF TN OHE) +a ()
i=1 =1 =1 i=1

where ag, a;, b;, ¢;,d; (i = 1,2,--- n) are constants to be determined later. { = &(x,t) are arbitrary
functions with the variables = and ¢, The parameter n can be determined by balancing the highest order
derivative terms with the nonlinear terms in Eq. (1). And E(§), F(§), G(§), H(§) are an arbitrary array of
the four function e = e(&), f = f(§), g = g(§) and h = h(&), the selection obey the principle which makes
the calculation more simple. Here we get

1 snl&, m]
°= p + qsn[é,m] + renlé, m) + ldn[€, m]’ f= p + gsn[&, m] + renl€, m] + ldn[€, m] 3)
_ en[€, m] b= dn[€, m]
I~ 0+ gsnl&, m] + renl€,m] + ldnlE,m)’ p+ gsn[&, m] + renl€, m] + ldn[€, m]
where p, q, r, [ are arbitrary constants, the four function e, f, g, h satisfy the following restricted relation
{ ¢ =—qgh+rfh+Im?fg, f = pgh+reh+leg,g = —pfh —qeh +1(m? — 1ef, @
B =—m2pfg— r(m? — ef — qeg, g° = €2 — f2,h? = €2 —m? f2

where “” denotes d%’ m is the modulus of the Jacobi elliptic function (0 < m < 1), and e, f, g, h satisfy the

following six relation:

Family 1: when [ =p=0, we have qf +7rg = 1. 5)
Family 2: when [ =r =0, we have pe+qf = 1. (6)
Family 3: when [ =¢ =0, we have pe+rg = 1. @)
Family 4: when p=7r =20, we have lh+qf =1. ©))
Family 5: when p=¢ =0, we have lh+rg=1. ©)
Family 6: when ¢ =7 =0, we have [h+ pe =1. (10)

Here we can select F(§) = g(€) in Eq. (7) and Eq. (9), F(§) = f(¢) in Eq. (5), Eq. (6), Eq. (8) and F' (&) =
e(§) in Eq. (10), Substituting Eq. (2) and Eq. (4) along with Eq. (5) ~ Eq. (10) into Eq. (1) separately yields six
families of polynomial equations for E(¢), F(£), G(€), H(€). Setting the coefficients of F*(¢), F*(£)E(€),
Fi(€)G(€)., FI(&)H(€), FI(E)E©)G(E), FI(E)E(©)H(), FUE)GE)H(E) (i = 0,1,2,---) to zero yields
a set of nonlinear algebraic equations (NAEs) in ag, a;, b;, ¢;, d; (i =1, 2, --- , n) and {(z,t), solving the
NAEs by Mathematica and Wu elimination, we can obtain many exact solutions of Eq. (1) according to Eq.
(2) ~ Eq. (4) and Eq. (5) ~ Eq. (10).

Obviously, if we choose the special value of p, ¢, r, [ in Eq. (3), then we can get the result of [14-21]. For
example, when we choose p = 1 in Eq. (6), Eq. (7) and Eq. (10), then we can get all the results in [14, 15],
when we choose m — 1,7 = 11in Eq. (5) and Eq. (7), we can get the results in [17-19], when we choose three
of them to be zero, we can get the results in [16, 20-21].

Remark 1. The restricted equations Eq. (4), Eq. (5) ~ Eq. (10) and the solutions of Eq. (3) are new, they
contain the results in [7] ~ [16] completely, while the form turns much simplified. Their practical value turns
stronger.

Remark 2. Here the value of ¢ can be extended to ¢ = —n, --- , n, so the method contain plenty of Jacobi
function expansion methods!> % 17-231 noticed that sn& — tanh &, cné — sec hé, dné — sec hé when the
modulus m — 1 and sné — siné, cné — cosé,dné — 1 when the modulus m — 0, we can obtain the
corresponding solitary wave solutions and triangle function solutions.

In the following, we will use this method to solve the zakharov equations.
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3 Exact solutions to the zakharov equations

We consider the following system of Zakharov Eq. (1) ~ Eq. (14).
Upp — cgum — ﬁ(|v|2)m =0 (11a) (1)
W + Qg — duv = 0 (11d)

where u = u(z,t) is the perturbed number density of the ion (in the low-frequency response), v = v(zx,t)
is the slow variation amplitude of the electric field intensity, c; is the thermal transportation velocity of the
electron-ion, o # 0, B # 0, 0 # 0, ¢ are constants. Eq. (11a) and Eq. (11b) are one of the fundamental models
governing dynamics of nonlinear waves, and describe the interactions between high- and low- frequency
waves. The physically most important example involves the interaction between Langmuir and ion-acoustic
waves in plasma.

Since v(z, t) is a complex function, thus we introduce a gauge transformation:

u=u(z,t) = u(&) (12a)
v =u(z,t) = v(§) = ¢(§) expli(sz — wt)] (120) (12)
E=k(z—ct)+ & (12¢)

where ¢(&) is a real-valued function, s, w, k, ¢ are four real constants to be determined, and & is an arbitrary
constant.
Substituting (12) into (11), we have:

K2 (c? = 2u” — BE*(¢?)" =0 (13a) a3)
ak?¢’ 4 (w — as?)¢ — dup + i(2ask — ke)d =0 (13b)
Integrating Eq. (13a) twice with respect to u and put the integration constants to zero, we obtain
B o
U= 2 10) (14)
Let ¢ = 2as and substituting (14) into (13b), we obtain:
1" 5
ak’p + (w— as?)p — 3 _562 # =0 (15)
S

By the homogenous balance principle we have n= 1, thus we assume that the Lienard Eq. (15) have the
following solutions:

¢ =cy+cie+caf +c3g+ cah (16)

where ¢ = ¢(&), e = e(§), f = f(&),9 = g(&), h = h(S) and e, f, g, h satisfy ((4) ~ (10)).
Substituting (4) and ((5) ~ (10)) along with (12) and (16) into (15) and setting the coefficients of
FYE), FU(§E(S), FYEG(E), F (H(E), F'(E)G(S), FHEOEH(E), F'(G(§)H(E), (1=0,1,2,
-+ +) to zero yields nonlinear algebraic equations (NAEs) with respect to the unknown k, w, s, ¢, ¢;, (i =
0,1,2,3,4),p, q, 1, L.

We could determine the following solutions of Zakharov Eq. (11).

Family 1
Case l.w = (K*(1 —2m?) 4+ s®)a, co=ca =c3 =c4 = 0, ¢ ::tkr\/%, g=20
Case 2. w = (K*(1 — %2) + 8%, cg=co =c3=c4 =0, ¢c; = Tkmr a(62§6_562), q = ¢ir
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2a(c2—c2)

Case 3. w = (K*(1+m?) + sH)a, co=c1 = cg = c3 = 0, ¢y = thr 5 >q=0

Case4.w:(k2(1—m72)+52)a, co=c1=cy=c4 =0, c3 =Fkrm %,qzeirvl—nﬂ

2 2 o2\ 2N( 2 2
w:(kg(l_mT)+52)a, CO:CQ:C?,:O, Clzik\/a<q +(1 ;nﬁé)r )(C Cs)’
Case 5. . s 5
_ alg” +r7)(c” = c)
C4—€,I€ 2ﬂ5

where ¢ = 2as, € = £1, 1= /—1, p, q, r, |, k, s are arbitrary constants, so do the following situations.

Therefore, from Eq. (3), Eq. (5) ~ Eq. (10), Eq. (12), Eq. (14), Eq. (16) and Cases 1-5, we obtain the solutions
to the Eq. (11):

ur = 20820 =) gy
v =tk \/Qa(l — m;(g(c2 — Cg)nc[&, m] expli(sz — (k*(1 — 2m?) + s?)at)]
Up = ak*m? 1
20 (eisn|&,m] + cnléa, m))?
o fa@ ) expli(sz — (k2(1 — o) + s)at)]
V2 = =hm 230 gisn|&a, m| + cnléa, m]

v =%k 4/ 20((0;5_05)@[53, m] expli(sz — (k*(1 +m?) + s?)at)]

Uy = ak*m? cn’[€4,m]
20 (ei V1 —m?2sn[&y, m] + enléy, m])2
22 enl€q, m) expli(sz — (k*(1 —

o1 = o [

=)+ sh)at)

ei /1 —m2sn[&y, m| + cn[&q, m]

{ uz = %dcqﬁz,m]

e — ak? (V@ + (1 —m2)r? 4 e /¢? + r2dn[és, m])?
T2 (gsn[&, m] + ren(és, m])?
s JA@ =D (P A=) + e P Pl )
5= 20349 qsn|&s, m| + renlés, m]
| expli(sz — (K2(1 - "3°) + 5)at)

where &; = k(z — 2ast) + &, (i=1, -+, 5).

Family 2

Case 6. w = (K*(1 —2m?) + s?)a, co =1 = 3 = ¢4 = 0, c3 = £hkmp %ﬁ;cg)’ g=0

Case 7.w = —5(K*(1 +m®) = 2s*)a, cg = c1 = g = ¢4 = 0,c3 = +kp %7 qg=cep
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_ — 2
w:—%(k2(1+m2)—282)a, co=c1=cy =0, 63:j:k\/ (q m2g6)(c < ),

Case 8. - E D)
— alg —p )\¢c —¢C
Case 9. w = (K2(14+m?) +s¥)a, co=c1 =c3=c4 =0, co = Tkmp %, q=0

We can derive the following solutions:
2,2
g = Mmz[%m]

*2&(62 — cg)
)

ve = tkm enl€e, m] expli(sx — (K2(1 — 2m?) + s%)at)]

ak?(1 —m?)  en?[ér,m]

Ur = 20 (1+esn[&, m))? 1
ol — m2 02 _ Cg Cn[ﬁ% m] exp[ (Sl‘ + 35 (kQ(l +m ) o 282)C¥t)]
vy =tk \/ ( 25((5 ) 1+ 55n[§77 m]

0'1{72 +k vV q m2p cn 587 ] +e \/mdn[g& m])

u =
S (p+ qsnlés, 1)2 ,
(£k /@2 —m2p2cnlés, m]+e /@2 —p2dn[és, m]) expli(sz+ = (k*(1+m?) —25%)at)]
vg =k 2
255 p+gqsn|és, m|
2,2
g = 2ak5m 8n2[§97m]
20{(02 —02) . 2 2 2
vg = tkm Tssn[fg,m] expli(sz — (k*(1 +m?®) 4+ s)at)]
where & = k(z — 2ast) + &, (1 =6, ---, 9).
Family 3
2 N Y
w = (k2<_% +m?) +s*)a, cog=c1 =c3 =0, cp = +k \/a(r tm (p2§5r (e = 68)7
Case 10. 5 5 5
o [P AP
1=¢€ 256
— (1.2 1 c —c
Case 11. w = (k*(m? 2)+s)a co=c1=c3g=cq4=0,co==xkp
Case 12. w = (k? 1+s a,co=cr=cy=c3=0,c +k C_C cmp
(k*(m* = 5) + 8%, co = c1 = ca = c3 e — 1
= %(k2(1+m)—25 Ja, co=c1=c3 =0, c3 = £kmp/ — gﬂé—c
Case 13.
cy = ckp M7 r—=0

We derive the following solutions of Eq. (11).
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ak? (£ /12 + m2(p? — r2)sn[é19, m +€\/ — p?)dn[&10,m

Ho= 20 (b + renfEr, m])?
o — & a(c? — c?) i\/r2+m2(p —r2)sn|&10, m] 4+ € \/12 — p?)dn[&10, m))
10 = 255 P + rcn[flg,

expli(sr — (k‘z(—% +m?) + s?)at)]

_ ok sn’[én,m]

T2 (Lt zenfen m])?
2 _ 2
v = k4G 55%) . ;gg;;égm] expli(sz — (K2(m? — 1) + s2)at)]
Uy = OZkQ dn2[§127m]
20 (Vm? — 1+ emenl€ia, m))?

_ a(c — ) dn[&,m] : 1
vip = £k 275 \/m+1;mcn[€127m expli(sz — (K*(m* — 5) + s*)at)]
s = _§5k2 (Fmen[§1s, m] + edn[§13, m])?
viz =k _a((;ﬁé_cz)(imcn[flg,m] + edn[&13, m]) expli(sz + 5 (kQ( m?) — 2s%)at)]

where &; = k(z — 2ast) + &o,(i = 10,--- ,13).

Family 4
Case 14. w = (K*(m? — 2) 4+ s?)a,co = ca = c3 = ¢4 = 0,¢1 = £kl W,q =0
Case 15. w = (k*(m?* — 3) + s?)a, co =co = c3 = ¢4 = 0, ¢c1 = £kl %, q = eiml

Case 16. w = (k‘Q(’ITLQ - %) + 52)04, Ch=Cl =C=0C = O, C3 = +kI a(C;ﬁ;Cg)7 q = el vV 1-— m2

w:(kz2(1—%m2)—|—32)a, co=c1 =c3=0, cg = £kml M,

285
c3 = ekml a(c;ﬁ_(scz% g=0

Case 17.

We derive the following solutions of Eq. (11).

20k?*(m? — 1
U4 = %ndqfu,m]

v14 = £k \/2a(m2 ﬁlg(CQ ~ g d[€14, m] expli(sz — (k*(m? — 2) 4 s%)at)]

P —ak? 1
' 20 (eimsn[&15,m] + dn[éi5,m])?
_ 2 2
vis = £k | =2 7 ) CimsnE e e CPlise — (R (m? = ) + s?)ai)]
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_ B i ak?(c? — ) en®[€16, M)
U1le 62 — 62 + 25(5 \/1 m25n 5167 ]+ dn[flﬁ,m])2

(@ — 3 cnlérg, m] expli(sz — (K*(m? — %) + s%)at)]
20 ev1— m2sn[&16, m| + dnl&ig, m]

V16 — +k

U7 = Ozk2 (:i: vm 1Sd[§17, ] -+ ECd[fn, m})2
a(02

vir = km T(Ss(i Vm? — 1sd[&17, m] + ecd[&17, m]) expli(sz — (k*(1 — $m?) + s%)at)]

where &; = k(z — 2ast) + &, (i = 14,--- | 17).

Family 5

Case 18. w = —3(k?(m® +1) —2s?)a, co = co = c3 = ¢4 = 0, ¢1 = £ki(1 — m?) %, r=eml

Case 19. w = (K*(1 —2m?) + s¥)a, co =c1 = c3 = c4 = 0, ca = £kml Za(m?—1)(=cf)

36 ,7=20

Case 20. w = —3(k*(m? + 1) — 2s?)a, cg = c1 = c3 = ¢4 = 0, ¢c3 = £ki(1 — m?) \/%, r=cel

We derive the following solutions of Eq. (11).

e — —ak?(1 —m?)? 1
18 = 20 (emen[é1g,m] + dn[&sa m])?
_ o= ) Rl + (R + 1) — 2¢%)at)
vig = £k(1 —m?) 230 Emcn[&& m] + dn[&1s, m]
o — 2ak2m2§m2 _ 1) Sd2[§19’m]

oo = by 2207 = (=) s mexpliea — (2(1 - 2m2) + sy

. ak?(1 — m?)? sn*[€20, m]
20 = 20 (ecn[éa0, m] + dnlézo, m))*

a(& — &) snl&a0, m] expli(sz + %(k2(m2 + 1) — 25%)at)]
238 ecn[€a0, m] + dn[éao, m|
where & = k(z — 2ast) + &, (1 =18, -+, 20).

Voo = :Hf(l — m2)

Family 6

Case2]. w = (k*(m? —2) + s%)a, co =c1 = cy = c3 =0, qz:l:kpﬂw,lzo

Case 22. w = (k*(1 — im?) + s?)a, co = c1 = co = c4 = 0, ¢3 = £km?p 2?1(327;;)%5, l= \/fme

Case 23. w = (k*(1 — im?) + s?)a, co = c1 = c3 = c4 = 0, c2 = £km?p (2,6_;2):[:5])
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w= (k21— 1 )—l—s)a co=c1=c4 =0, Cz—k‘m\/ p+(m22_ﬁ?l2)(c —02),

2_ 2
63:5km\/ )

We derive the following solutions of Eq. (11).

Case 24.

2
Ug = %dﬁ (€21, m)]

vy = +k de[fgl,m] expli(sz — (k2(m? — 2) + s%)at)]

Uny = ak?m* dn®[£92,m]
20 (\/1—m2 + edntaz, m])’

o — ) dn[€a9, m] expli(sz — (k*(1 — %m2) + s%)at)]
265 \/1 — m2 + €dn[522, m]

Vo9 = +km?

Ug3 = ak’m® _ sn*[€a3,m]
20 (1 +6dn[£23,m])2

Vo3 = Ehkm? a(c;ﬁdcg) 1 jzgﬁé;]m] expli(sz — (k*(1 — %mz) + s%)at)]
( Uy = 2 (/p® + (m2 — 1)%sn[ésq, m] + € V12 — p2cn[as, m])?
(P + ldn[€24, m))?
_ a(¢® — ) (VP + (m? — 1)Psn[éoa,m] + £ V/I? — pPen[Eaa, m))
I 0 bt Ll ] e
exp [z (s:p — (kK*(1 — %mQ) + 32)at)}
where &; = k(z — 2ast) + &, (1 =21, -+, 24).

Remark 3. Here w7, v7; w11, v11; U12, V12; 423, Vo3 contain the result of (13) (27); (18) (32); (19); (23) (37) in
Ref. [16],if weletq = +tmp;q=1r, p=1orp =1, ¢ = 1in ug, vg, we can get the result of (14)(15)(29) in
Ref. [16],if weletp =r = 1lorr = 1,p = 7 in uyg, v10, We can get the result of (32) (34) in Ref. [16], if
weletp=1,1=rorp=r1=1Iin usy,ves we can get the result of (25) (39) in Ref. [16]. u1, v1; u14,v14;
u19, V19 contain the result of w2, v19; u1g, v18; U19, v19; in Ref. [17], if we let [ = 0 in ugg, v94 and r = 0 in
u10, V10 We can get the result of (15-18) in Ref. [17].

Remark 4. 1t is notable that the other types of solutions we obtained here to systems (11) are not shown in the
previous literature. They are degenerated to the corresponding solitary wave solutions and triangle function
solutions in the limit cases when m — 1 or m — 0.

4 Conclusion

In this paper, we succeed to propose an approach for finding new exact solutions for nonlinear evolution
equations by constructing the four new types of Jacobian elliptic functions. By using this method and com-
puterized symbolic computation, we have found thirteen new types of exact solutions for the zakharov Eq.
(11). More importantly, our method is much simple and powerful to find new solutions to various kinds of
nonlinear evolution equations, such as KdV equation, mKdV equation, Boussinesq equation, etc. We believe
that this method should play an important role for finding exact solutions in the mathematical physics.

WJIMS email for subscription: info@wjms.org.uk



224 B. Hong & D. Lu & et al.: The extended Jacobi elliptic functions expansion method
References

[1] R. Conte, M. Musette. Link between solitary waves and projective Riccati equations. Phys. A: Math. Gen., 1992,
25(21): 5609-5623.
[2] Z. Fu, S. Liu, et al. New jacobi elliptic function expansion and new periodic solutions of nonlinear wave equations.
Phys. Lett . A, 2001, 290(1-2): 72-76.
[3] D. Huang, H. hang. New exact traveling waves solutions to the combined kdv-mkdv and generalized zakharov
equations. Reports on Math. Phys., 2006, 57: 257-270.
[4] D. Huang, H. Zhang. Extended hyperbolic function method and new exact solitary wave solutions of Zakharov
equations. Acta Phys. Sin., 2004, 53(8): 2434-2438.
[5] S.Lai, X. Lv, M. Shuai. The jacobi elliptic function solutions to a generalized Benjamin-Bona-Mahony Equation.
Math. and Comp. Model, 2008.
[6] S. Liu, Z. Fu, et al. Jacobi elliptic function expansion method and periodic wave solutions of nonlinear wave
equations. Phys. Lett. A, 2001, 289(1-2): 69-74.
[7] S.Liu, Z. Fu, et al. Jacobi elliptic function expansion solution to the variable coefficient nonlinear equations. Acta
Phys. Sin., 2002, 51(9): 1923-1927.
[8] V. Makankov. Dynamics of classical solitons (in nonintegrable systems. Phys Letter. Sect. C Phys. Rep, 1978, 35:
1-128.
[9] Y. Peng. Exact traveling wave solutions for the Zakharov-Kuznetsov equation. Appl. Math. Comp., 2008, 199:
397-405.
[10] Y. Shang, Y. Huang, W. Yuan. The extended hyperbolic functions method and new exact solutions to the Zakharov
equations. Math. and Comp., 2008, 200: 110-122.
[11] Y. Shi, P. Guo, et al. Expansion method for modified jacobi elliptic function and its application. Acta Phys . Sin.,
2004, 53(3): 3265-3270.
[12] Y. Shi, K. L, et al. The solitary wave solutions to kdv-burgers equation. Acta Phys. Sin., 2001, 50(11): 2074-2077.
[13] Y. Shi, K. L, et al. Explicit and exact solutions of the combined Kdv equation. Acta Phys.Sin., 2003, 52(2):
267-271.
[14] S. Thornhill, D. Haar. Langmuir turbulence and modulation instability. Phys Lett. Sect. C Phys. Rep, 1978, 43:
43-99.
[15] M. Wang, Y. Wang, J. Zhang. The periodic wave solutions for two systems of nonlinear wave equations. Chin.
Phys, 2003, 12(12): 1341-1348.
[16] G. Wu, M. Zhang, et al. The extended expansion method for jacobi elliptic function and new exact periodic
solutions of Zakharov equations. Acta Phys. Sin., 2007, 56(9): 5054-5060.
[17] Y. Xiao, H. Xuen, H. Zhang. Extended Jacobi Elliptic Function Expansion Solution to the Zakharov Equation.
Journal of hebei university of technology, 2004, 33(3): 10-14.
[18] V. Zakharov. Collapse of Langmuir waves. Sov. Phys. JETP, 1972, 35: 908-914.
[19] V. Zakharov, V. Syankh. The nature of the self-focusing singularity. Sov. Phys. JETP, 41(1976): 465-468.
[20] H. Zhang. New exact traveling wave solutions of the generalized zakharov equations. Reports on Mathematical
Physics, 2007, 60: 97-107.
[21] J. Zhang, M. Wang. Complex Tanh-function expansion method and exact solutions to two systems of nonlinear
wave equations. Commun. Theor. Phys., 2004, 42(4): 491.
[22] J. Zhang, Y. Wang, et al. Exact solutions for two classes of nonlinear wave equations. Acta. Phys. Sin., 2003, 52(7):
1574.
[23] L.Zhang, L. Zhang, C. Li. Some new exact solutions of Jacobian elliptic function about the generalized Boussinesq
equation and Boussinesq-Burgers equation. Chin. Phys. Soc., 2008, 17(2): 403—411.
[24] W. Zhang, Q. Chang, E. Fan. Methods of judging shape of solitary wave and solution formulae for some evolution
equations with nonlinear terms of high order. J. Math. Anal., 2003, 287: 1-18.
[25] C.Zhao, Z. Sheng. Explicit traveling wave solutions for Zakharov equations. Acta Phys. Sin., 2004, 53(6): 1629—
1634.

WJIMS email for contribution: submit@wjms.org.uk





