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Abstract

In this paper, we study the existence and uniqueness of the global smooth solution for the initial value problem of general-
ized Zakharov equations in dimension two. By means of a priori integral estimates and Galerkin method, we first construct the
existence of global solution with some conditions. Furthermore, we prove that the global solution is unique. (©2017 All rights
reserved.
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1. Introduction

At the classical level, a set of coupled nonlinear wave equations describing the interaction between
high frequency Langmuir waves and low frequency ion-acoustic waves was first derived by Zakharov
[17]. This system has been the subject of a large number of studies [3, 5-9, 11-16]. In addition to the
energy method, Zakharov type systems have also been studied by others using different approaches.
Aslan dealt with the generalized Zakharov system and derived some further results using the so-called
first integral method [2]. In [1], the Exp-function method was employed to the Zakharov-Kuznetsov
equation as a (2 + 1)-dimensional model for nonlinear Rossby waves.

In this paper, we are interested in studying the following generalized Zakharov system in dimension
two.

ieg +Ae —me+ oelPe =0, (1.1)
Nee — An = Alel?, (1.2)

with initial data
E(XI 0) = EO(X), n(xl 0) = nO(X)/ Nt (XIO) =nq (X)/ (13)

where € = (e1,---,en), X = (x1,%2) € R2.
Now we state the main results of the paper.
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Theorem 1.1. Assume that eo(x) € H'2, ng(x) € HYFL, ny(x) € HL 1> 1and 0 < p < 2 with |[eo(x)]|12
small. Then there exists unique global smooth solution of the initial value problem (1.1), (1.2), (1.3),

e(x,t) € L0, T; H'2) nWh®(0, T; HY), n(x,t) € L®(0, T; H'),
ne(x, t) € L0, T; HY n Wb (0, T, H' ).

To study smooth solution of the generalized Zakharov systems, we transform it into the following
form:

iey + Ae —ne+ ole|Pe =0, (1.4)
@t —(n+ef) =0, (1.5)
ng—A@ =0, x € R?, (1.6)
with initial data
e(x,0) = eo(x), m(x,0) =mnp(x), @(x,0) = @o(x), (1.7)

where @ satisfies VZ@o = n;.
We use C to represent various positive constants that can depend on initial data.
2. A priori estimations

In this section, we will derive a priori estimations for the solution of the system (1.4), (1.5), (1.6), (1.7).
For the smooth solution of system (1.4)-(1.7), we have the following conserved results

el ||]_2 R2) = ||€O(X)||%_2(]R2),
(e —uvaU+j nlePax -+ 3 Vol + 5l — 2 el o
= H(0).
The conservation of ||¢( HLz R2) is obtained by taking the inner product of (1.4) and ¢ and then taking

the imaginary part. The Conservatlon of J{(t) can be obtained by taking the inner product of (1.4) and ¢
and taking the real part, and taking the inner product of (1.5), (1.6) by n¢, @+, respectively.

Lemma 2.1 (Gagliardo-Nirenberg inequality). Assume thatu € L9(R™), D™Mu e L"(R"),1<q, r< 00, 0 <
j < m, we have the estimations

ID |ty < CID™ullfs oy 113 e

mSa<l
1 j 1 1
:J+oc<m)+(lcx).
P n T omn q

Lemma 2.2. Assume that ¢g € H', ng € 12, @9 € H! and 0 < p < 2 with ||eo(x)||;2 small. Then

where C is a positive constant, 0 <

sup ([leflr + @l + [Inflr2) < C.
0<t<T

Proof. By Holder inequality, Young inequality and Gagliardo-Nirenberg inequality, there holds
U nle[2dx
R2

1
2 2 4
< nleallelits < gl +llellts

) (2.2)
< g IInliEs + ClIVeltllel?,
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Using Gagliardo-Nirenberg inequality, we write

2|«

2
— S llellPy s < ClIVellPallellfa: (2.3)
p+2

From (2.1), (2.2), and (2.3), one has
1 1
[Vellts + 51V elltz + g Inli> < 13(0)1+ C[[Vellzllellz + ClIVellFalle]T--
Note that 0 < p <2 and ||eo||;2 small, we get
Vel + IVeli +IInff: < C.

Taking the inner products of (1.5) and ¢, since

1d

_ - 2

1
[(nt1el, @) | < (Il + llellis) lollez < Cllellz < Slellf2+C,

thus it follows that

d
Slloll: < llelf: +C.
Using Gronwall’s inequality, it follows that

sup [loll2. < C.
0<t<T

We thus get Lemma 2.2. O

Lemma 2.3 (Brezis-Wainger inequality [4]). Let w € W*P(RY) NWS4(RY), k,s >0, p > 1, q > 1and
kp = d < sq. Then

1—1
s, P
HuHLoo < C||u||Wk/p <1+ln <1+ HuHW q >> ,
[l

where C is a constant that depends only on k,p, s, q, d.

Applying Lemma 2.3 in thecase d =2,k =1,p =2, s =2,q =2, hence for u € H2(R?), we have

1

2

lw||Lee < Cllu|3 <1 +In <1 + HuHH2>> . (2.4)
([l

Lemma 2.4. Assume that eg(x) € H?, ng(x) € H, @o(x) € H2 and 0 < p < 2 with ||eo(x)|| 2 small. Then we

have

sup ([leflz + Infly + [lellre) < C,
0<t<T

sup ([leellrz + [[nellez + [[@lln) < C.
0<t<T

Proof. Differentiating (1.4) with respect to t, then taking the inner product of the resulting equation and
£y, we get
(ierr + Ay —ne — e + (afelPe), , e¢) =0, (2.5)
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Since
Im (e, € )—liHe 122, Im(Ae; —mneg, er) =0
ttlt_Zdtt]_2/ t tret) — Y,
I (—nee, e)] < lel[iefnelfcalleciz,

|| 4
i (e e, 0l < 5P | JePledax < 5P el ec
R2
thus from (2.5) we get
d 2 P 2
a\IEtIILz < 2fefleeInelllleellez + ladpllel L lee]|T2- (2.6)

Differentiating (1.6) with respect to t, then taking the inner product of the resulting equation and n¢, we
get

(Tltt — A(pt, Tlt) =0. (27)
Since
1d
(Tee, t) ZEHntH%Z/
(—Age,nt) = (—An—Ale, ny),
where

1d )
(~an,n) = S IVnid,

|(—Alel,ne)] <2 (lefliol|Aellrz + [ VellTa) el
< 2([[effie[Ac][r2 4+ CllAg]|2) [Ine |2
Thus from (2.7) we get
d
— (Inelf2 + 1Vnlf2) <4 ([ellil|lAellr2 + CllAe]2) [nellya- (2.8)

dt
From (1.4) we have

1
1Aellz < lleeliz + Imllps llelles + lod lel| T

1 (2.9)
<€ (Ml + 1ol +1).
Using (2.4), one has
1
Ellfe <K C(1+1In(1+ e 2
el € CHI -+ ) 010
S C(14+In(1+|Ael{2))?.

Set F(t) = |le¢||2, + [Inell2, +[[Vn[2, 41, then (2.6) and (2.8), (2.9), (2.10) together yield

L3t) < ) (leflie + ellPo +1)

dt
<SCIt)(1+InJ(t)).
By using Gronwall inequality, it follows that

2 2 2
sup_([leclltz + [Inelliz + [Vnllfz) < C,
0<t<T



S. You, X. Ning, J. Nonlinear Sci. Appl., 10 (2017), 1289-1302 1293

and with (2.9), (1.6) and (1.5), we arrive at

sup ([|Aelli2 + |A@lr2 + [Veoill2) < C
0<t<T

We thus get Lemma 2.4. O

Lemma 2.5. Assume that eo(x) € H3, no(x) € H?, @o(x) € H3 and 0 < p < 2 with ||eo(x)|| 2 small. Then we
have

sup ([lefls + Inllvz + [[elle) < C,
0<t<T

sup ([let]lyn + el + @) < C
0<t<T

Proof. Differentiating (1.4) with respect to t, then taking the inner product of the resulting equation and
—Aey, we get

(iege + Ay —ne —ney + (afePe) , —Aey) = 0. (2.11)
Since
Im(iett, —Aﬁt) ||V5t||L2, Im(Ast, —AEt) = 0,
Im(—ne, —Aee)| < [(V(nge), Ve
< CIVnelzfleflie + [Inelleal[Vella) [ Vel
< C(IVnelf2 + I Veelf2 + 1),

IIm(—me¢, —Aet)| = Im(V(net), Ve

= [Im((Vn)e, V)|
[Vnlalleells|| Vel
CllAan[f2 + [[Ved|T2)

NN

Im ((|e[Pe)e, —Aet)| = [Im (V (ale[Pe), Vi)

(Hen Vellallecls + llellPelI Ve 2 ) [ Ve
C(IVed?+1),

thus from (2.11) we get

d
FilVedlts < CUIVRlE: + [ Vel + lAn]: + 1). (212)

Differentiating (1.6) with respect to t, then taking the inner product of the resulting equation and —Any,
we get
(Mt —A@y, —Ang) = 0. (2.13)

Since

1d

(M, —Any) = H Vny H 127

(—A@y, —Any) = (An+ Ale?, Any),

1d
(Am, Any) = o= [lAnE,
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|(Alel?, Ang)| < | (V2lel?, V)|
< C(IV%ellizllellie + Aell ol Vells) [ Vrel 2
< C(IVPellfz + Vet + 1),
thus from (2.13) we get
d
7t IVl + lAn]E] < C (IV2llE + [Vnelliz +1) - (2.14)

Taking the inner product of (1.4) and AZe, since
(8¢, &%) == [ Ve,

|(iec —me + alePe, A%e)| = |(iVer — V(ne) + aV ([e[Pe), Ve)|
< C(IVellpa + Va2 llell ) [ V]| 2
+C (s 1Vell s + llelPee 1 Vell2) || V3] 2
< CIVeell + 1) [|[VP¢| 12

thus we get
V2|l > < CIVeell2 +1). (2.15)

Hence from (2.12), (2.14) and (2.15) we get

% [IVeclf2 + Vnelfz +|An]|72] < CIVnelff2 + ([ Veelf2 + |Anf2 +1).
By using Gronwall inequality, it follows that
IVeell?> + Vet + [Anff. < C,
and with (2.15), (1.6) and (1.5) we arrive at
IVl + V3ol + [[Agd2 < C.
O

Lemma 2.6. Assume that eg(x) € H'2, ng(x) € HYL, @o(x) € HYF2, 1> 1and 0 < p < 2 with |[eo(x)]|;2
small. Then we have

sup [flef[rez + Ml + o] < C,
0<t<T

sup [flee]l + Inell + @l < C.
0<t<T

Proof. Lemma 2.6 is true when 1 =1 (Lemma 2.5). Suppose Lemma 2.6 is true when 1 =k, (k > 1), i.e,,

sup [[lef[prerz + Ml + @[] < C,
0<t<T

sup [flee][px + [Inellie + [@¢feal < C.
0<t<T

Next, we will show that Lemma 2.6 is true when | = k + 1.
Differentiating (1.4) with respect to t, then taking the inner product of the resulting equation and
(1) 1AR+ e, we get

(leee + Aeg — e —meg + (afePe), (1) AR ey ) = 0. (2.16)
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Since

. 1d
Im(iee, (~1) 1A e = 2 Svktie 2,

Im(Aey, (—1)k+1AkH€t) =0,

k+1Ak+1 Et) ‘

[Im(—nye, (—1) [(V¥Hnge), VFHey)|

<
< CUVE e[tz + IV el +1),

k+1Ak+1 Et) ‘

[Im(—neg, (—1) [(VFH (ney), VEHey)|

N IN

[Im ((«dle[Pe), (—D* AR e )| < [(VRH (adePe), Vi ey)|

<
< C(IVFHe2, +1),

thus from (2.16) we get

d
LIV el < CIVE Il + 1V edllz) € IV +1).

CUIVF T + V¥ eg|7. + 1),

(2.17)

By differentiating (1.6) with respect to t, then taking the inner product of the resulting equation and
(—1)* AR In,, we get

Since

(M — Aoy, (—1)k+1Ak+lnt) =0.

1d

-1 k+1Ak+1
(M, (—1) ny) = 7 dt

rriA A e
(—Apy, (~1)<TAR ) = (An+ Al (—1)kA Iy,

(An, (~1)*A ) = dtnvk*z I

2

|[(Alel, (1) A )| < [(VFFe, Vi ing)|

<
< C(IIV¥"el|f + V¥ 17 +1),,

thus from (2.18) we get

d
dt

Taking the inner product of (1.4) and (—1)*"1A**2¢, since

|(iee —ne+ afelPe, (—1) AR Ze) | = | (iVFHe — VR (ne) + aV*H (lePe), VFTe)|

thus we get

(A£, (_1)k+1Ak+2€) _ HVH%HZLZ'

N

CIV el o+ 1) [[VF ¢l 2.

IV el < C([VF el +1).

[Hvk—Hn ”2 + Hvk—!—ZnHZ ] <C (Hvk+35H%2+ Hvk—!—lntH%2+1) .

(2.18)

(2.19)

(2.20)
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Hence from (2.17), (2.19) and (2.20) we get

d
2 IV el + IV Indif + V92 nlE] < C (1Y It + IV e [T + V1 +1).

By using Gronwall inequality, it follows that
IV eIt + IV el [f2 + [V"nE. < C,
and with (2.20), (1.6) and (1.5), we arrive at

IV 2|t + [Vl 2 + [V 242 < C.

Hence
sup {[[eflpes + [z + @] pes + el
0<t<T
+ sup [[[neflyen + @[] < C
0<t<T
Lemma 2.6 is proved completely. O

3. The existence and uniqueness of solution

In this section, we formulate the proof of Theorem 1.1. First we give the definition of generalized
solution for problem (1.4)-(1.7).

Definition 3.1. The functions

e(x,t) € L®(0, T; H) n W0, T; L2),
n(x,t) € L0, T; H') n Wb (0, T; 1?),
@(x,t) € L®(0, T, H?) nW (0, T; HY),

are called generalized solution of problem (1.4)-(1.7), if for any v € 2 they satisfy the integral equality:

(iﬁmt,\)) + (Aﬁm,\)) - (nemlv) + (a|£|p£mlv) = 0/ m = 1/ e INI

((Pt,\)) - (Tl,\)) - (|€|2/V) = 0/
(Tlt,V) - (A(Prv) = 0/

with initial data
e(x,0) = ¢go(x), m(x,0) =mnp(x), @(x,0)=@o(x).

Next, we give two lemmas recalled in [10].

Lemma 3.2. Let By, B, By be three reflexive Banach spaces and assume that the embedding Bo — B is compact. Let
ov
W = VELPO((O,T),BOJ, a ELPI((O/T)/BI) 7 T<OO/ 1<p0/pl < 0.

W is a Banach space with norm

IVIlw = IVIlitro (0,1);80) + [VellLer (0,1);8,)-
Then the embedding W — LP°((0, T); B) is compact.
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Lemma 3.3. Let Q) be an open set of R™ and let g,g. € LP(R™), 1 < p < oo, such that
ge > g ae. inQ and 19elltr () < C.
Then g — g weakly in LP(Q).
Now, one can estimate the following theorem.

Theorem 3.4. Suppose that eo(x) € H?, no(x) € H!, @o(x) € H? and 0 < p < 2 with ||eo(x)||2 small. Then
there exists global generalized solution of the initial value problem (1.4)-(1.7).

e(x,t) € L®(0, T, H?) nWh>(0,T; L?),
n(x,t) € L®(0, T;HY) nW>(0, T; 1),
@(x,t) € L®(0, T, H?) nW>(0, T; H').
Proof. By using Galerkin method, choose the basic periodic functions {w;(x)} as follows:
—Aw;(x) =Ajwj(x), wj(x) € H}(R?), j=1,2,---,1

The approximate solutions of problem (1.4)-(1.7) can be written as

1 1
et =) adtwix), n'ht) =Y BHtw;x)

j=1 j=1

where
eh=(ef, - en), o (t) = (ey(t), -, ain (1),

and Q is a 2-dimensional cube with 2D in each direction, that is, Q = {x = (x1,%2)|Ixi| < 2D, i =1,2}.
These undetermined coefficients &; L(t), pt j (t) and Y; }(t) need to satisfy the following initial value prob-
lem of the system of ordinary differential equations

(is}nt, wy) + (As}n, W) — (nla}n, wy) + (oclsllps}n, we) =0, m=1,---,N, (3.1)
(o}, wi) — (MY we) — (I wi) =0, (3.2)
(g, w) — (Ap', wy) =0, (3.3)

with initial data

(X 0)—€0( x), n (X m—“o( x),

(3.4)
® (X/ O) = (pO(X)/

where

eb(x) 5 eo(x), mb(x) s mo(x),

HZ
P(x) — @o(x), 1— oco.

Similar to the proof of Lemmas 2.2 and 2.4, for the solution et(x,t), nt(x,t), @'(x,t) of problem (3.1),
(3.2), (3.3), (3.4), we can establish the following estimations

sup [[le' (6 t)[lrz + [t (6, Ol + lo* (%, )] < C,
0<t<T
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sup [[lex(x, t)llr2+Inille2 + [loilln] <C, (3.5)
0<t<T

where the constant C is independent of | and D. By compact argument, some subsequence of (¢',n!, p'),
also labeled by 1, has a weak limit (¢, n, ¢). More precisely
et(x, t) = e(x,t) in L®(0, T; H?) weakly star, (3.6)
nt(x,t) = n(x,t) in L®(0, T; H) weakly star, (3.7)
el(x,t) = @(x,t) in L®(0, T; H?) weakly star.

Equation (3.5) implies that

el — £¢ in L®(0, T; L?) weakly star, (3.8)
nl — 1 in L®(0, T; L?) weakly star,

Q! — @¢ in L*°(0,T; H!) weakly star.
Using Sobolev embedding theorem, Lemmas 3.2, 3.3 and (3.6), (3.7), (3.8), we deduce that
‘51‘2 — lel* in L*=°(0, T; H!) weakly star,

ntel = ne in L*®(0, T; LZ) weakly star,

‘el‘p eb = |e[P e in L0, T; L?) weakly star.

Hence taking 1| — oo from (3.1)-(3.4), by using the density of w; in L*(Q) we get the existence of local
generalized solution for the periodic initial value problem (1.4)-(1.7). Letting D — oo, the existence of local
solution for the initial value problem (1.4)-(1.7) can be obtained. By the continuation extension principle
and a prior estimates, we can get the existence of global generalized solution for problem (1.4)-(1.7).
Theorem 3.4 is proved. O

Next, we prove the uniqueness of solution.

Theorem 3.5. Suppose that eg(x) € H3, no(x) € H2, @o(x) € H3 and 0 < p < 2 with ||eo(x)|| 2 small. Then the
global generalized solution of the initial value problem (1.4)-(1.7) is unique.

Proof. Assume that there are two solutions €1, n1, @1 and €2, np, @2. Let
E=¢€ —&, M=np—Nny2, @©@=@1— Q2.

From (1.4)-(1.7) we get

ieg +Ae — (e —naer) + a(leg|Peg —eaPer) =0, (3.9)
o —n— [le1* —leaf?] =0, (3.10)
ne—Ap =0, (3.11)
with initial data
elt=0 = Nlt=0 = @lt=0 = 0. (3.12)

From Lemma 2.5, we know that
sup [llepllys + Inpllie + lepllns] < C,
0<t<T

sup_[[legt /[ + el +ll@uelre < € p=1,2.
0<t<T
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Taking the inner product of (3.9) and ¢, it follows that
(leg + Ae — (nyeg —noep) + ofle1Peq —lealPe2), €) = 0. (3.13)

Since 14
Im(ie, €) = 2dtH8HLz, Im(Ag, e) =0,
Im(nie; —npep, )] < |(neq +nae, e)l < (Inlzller]|ie + ||nz2fjie|le]lr2) |J€]12
C(Iml2+llell32)

//\ //\

IIm « (le1[Pe1 —lealPen, €) < o (Je1Pe + e (le1]P —e2lP), €l
< C([lerllTwllelliz + llealliellellr2) el
< Cllelf?2,

where the second inequality used

lle1|P —leafP| = )p [0]e] + (1—0)]ex)P ! (Is1|—|62|)‘

p0]leq][Lee + (1 —0)[lea]| 1ol el (3.14)

<
< Clel, 0<0<1,

thus from (3.13) we get

d
||€|\Lz < C(Inlgz + llell?2) - (3.15)

Taking the inner product of (3.10) and @ it follows that
(et —n—(leas —leal?), @) =0, (3.16)

Since

LA
2 a1 Pl
(=, @)l < C(IIn)22 + [le|32)

(o, 0) =

|(— (leaP —le2P) , @) | = 1(e - €1+ €2+ € @)

Cllleallieellellez + [le2l[ee el c2) [l 12
2 2

Clllellf2 + [l@llT2)

NN

thus from (3.16) we obtain
H(PIILz < (InEz +llolifz + lellf2) - (3.17)

Differentiating (3.11) with respect to t, then taking the inner product of the resulting equation and n¢, we
get

(Nt — Ay, ny) =0. (3.18)
Since
1d
(M, M) = 2dt”ntHL2'

(—A@y,ny) = (—An — A(le1]* — lea?), ne),
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1d R
(—An,ng) = EEHVnHLZ,

[(A (Jeal —le2) , me) | = 1(Ale - &1 + €2 - €), my)|
< C(llAel2llenllie + llelleollAen|lr2) [[nellr2
+ C(IIVellallVerllis + | AealizllellLe ) [[nell 2
+ C(llAelli2llealle + [ Veall sl Vel rs) [Inell 2
< C([Aelf + IVellfa + llella + Inell?2) S

thus from (3.18) we get

d

7 [Imelitz + 19mliEz] < C(IAellf: + 1Veliz + llelltz + [melitz) - (3.19)
Taking the inner product of (3.9) and Ag, it follows that

(et +Ae — (n1eg —nae2) + (ler[Per —[eofPe2), Ae) = 0.

Since
[(ie, Ae)] < |let]|r2]|Ae]lr2,  (Ag, Ag) = ||A5H%z,

l(n1e1 —naez, Ae)| = |(neg + e, Ae)| < (|In[r2]le1]lLe + [Inz2flpalle]l 1) [|Ae]l 2

1 1
<c (thz n kuizueuiz) e

< Cllnflz +llefliz + 1Vellz) [[Ae] 2,

lo (le11Peq — lealPep, Ae)| < | (le1|P e+ €2 (Je1[P —[e2|P), Ag)
< C([lexl|Twollelliz + llealliellell2) [[Ae]l2
< Cllellrz]|Ae]l2-
It follows that
[ Aell2 < C(Jlet]lr2 +IInflr2) C(llellz + [ Vell2) . (3.20)

Differentiating (3.9) with respect to t, then taking the inner product of the resulting equation and ¢, we
get

(lege + Aey — (Mer —npe)t, 1) + (x (le1[Per —le2Per) , €¢) = 0. (3.21)
Since
Im(ieg, €¢) = 13”5 1?,, Im(Aeg, e) =0
tt/t_ZdttLZI trct) — Y,

Im (—(nye1 —n2e2)t, )| = Im(neeq +nege + Mo, €4
< Clllexlfielmelliz + e llealmlia) fe iz + Climae || allellLallex |l 2
< Clmellf2 + V22 + Iz + [ Vellf2) + Clllell22 + [leclfF2),

IIm (o (le1|Peq —leaPen)y, e¢)l = Im (o (e1/P e + ea(ler|P —le2lP ), €¢)]

< o (lealf e + et (ler|P —le2lP), e¢) | + lox (e2(le1[P — lealP), 4]

N

-1
< C(lleallfs Nerelliellellis + lleaellesllells) el
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+ C(lleallelleclliz +Hlealliellelce lerellis) el
+ Cllealleoflellpslleaellrallecllr
< C(IVellf2 + llellz + lleell?2) ,

where the second inequality used (3.14) and
(exl” —lealP)y < ZlealP2lec T+ e Treteae T4 ea Bel+
+ g |le1 [P~ — le2lP 2|2t - €2 + €2 - a4
< Clleel + [ellere] + leaellel),

thus from (3.21) we get

d

Felledit < C(Imalita + 11Vnlt +InliE2) + C (IVelf + llelliz + ledliz) - (3.22)

Obviously

d
S IVelt: = —2Re(A¢, &)
< C(Aellf2 + lleell?2) (3.23)

4
dt
Hence from (3.15), (3.17), (3.19), (3.20) and (3.22), (3.23), (3.24) we obtain

Inlifz =2(ne, ) < Cllnelifz + 7). (3.24)

< Tlella + Il + ol + Vel + = [1VnlRa + lleda + mneli)
< C[llelZ2 + Il + ol + 11 Vel]
+ C[IVnlig: + lledlta + Ineliz:]
By using Gronwall inequality and noticing (3.12), it follows that
e=0, n=0 ¢=0.
Theorem 3.5 is proved. O

Using Lemma 2.6 and the embedding theorems of Sobolev spaces, the result of Theorem 1.1 is obvious.

Acknowledgment

The author would like to thank the support of National Natural Science Foundation of China (Grant
No. 11501232), Research Foundation of Education Bureau of Hunan Province (Grant Nos. 15B185 and
16C1272) and Scientific Research Found of Huaihua University (Grant No. HHUY2015-05).

References

[1] I Aslan, Generalized solitary and periodic wave solutions to a (2 + 1)-dimensional Zakharov-Kuznetsov equation, Appl.
Math. Comput., 217 (2010), 1421-1429. 1

[2] 1. Aslan, The first integral method for constructing exact and explicit solutions to nonlinear evolution equations, Math.
Methods Appl. Sci., 35 (2012), 716-722. 1



S. You, X. Ning, J. Nonlinear Sci. Appl., 10 (2017), 1289-1302 1302

3]
[4]
[5]

[6]
[7]

8]
[9]
(10]

(11]
(12]

(13]
(14]
(15]
(16]

(17]

I. Bejenaru, S. Herr, J. Holmer, D. Tataru, On the 2D Zakharov system with Lz—SchrO'dinger data, Nonlinearity, 22
(2009), 1063-1089. 1

H. Brézis, S. Wainger, A note on limiting cases of Sobolev embeddings and convolution inequalities, Comm. Partial
Differential Equations, 5 (1980), 773-789. 2.3

Z.-H. Gana, B. Guo, L.-J. Han, J. Zhang, Virial type blow-up solutions for the Zakharov system with magnetic field in a
cold plasma, J. Funct. Anal., 261 (2011), 2508-2528. 1

J. Ginibre, Y. Tsutsumi, G. Velo, On the Cauchy problem for the Zakharov system, J. Funct. Anal., 151 (1997), 384-436.
L. Glangetas, F. Merle, Concentration properties of blow-up solutions and instability results for Zakharov equation in
dimension two, II, Comm. Math. Phys., 160 (1994), 349-389.

R. T. Glassey, Convergence of an energy-preserving scheme for the Zakharov equations in one space dimension, Math.
Comp., 58 (1992), 83-102.

B. Guo, J.-J. Zhang, X.-K. Pu, On the existence and uniqueness of smooth solution for a generalized Zakharov equation, J.
Math. Anal. Appl., 365 (2010), 238-253. 1

J.-L. Lions, Quelques méthodes de résolution des problémes aux limites non linéaires, (French) Dunod; Gauthier-Villars,
Paris, (1969). 3

F. Merle, Blow-up results of virial type for Zakharov equations, Comm. Math. Phys., 175 (1996), 433-455. 1

T. Ozawa, K. Tsutaya, Y. Tsutsumi, Well-posedness in energy space for the Cauchy problem of the Klein-Gordon-Zakharov
equations with different propagation speeds in three space dimensions, Math. Ann., 313 (1999), 127-140.

T. Ozawa, Y. Tsutsumi, The nonlinear Schrodinger limit and the initial layer of the Zakharov equations, Differential
Integral Equations, 5 (1992), 721-745.

H. Takaoka, Well-posedness for the Zakharov system with the periodic boundary condition, Differential Integral Equa-
tions, 12 (1999), 789-810.

S.-J. You, The posedness of the periodic initial value problem for generalized Zakharov equations, Nonlinear Anal., 71
(2009), 3571-3584.

S.J. You, B.-L. Guo, X.-Q. Ning, Equations of Langmuir turbulence and Zakharov equations: smoothness and approxima-
tion, Appl. Math. Mech. (English Ed.), 33 (2012), 1079-1092. 1

V. E. Zakharov, Collapse of Langmuir waves, Sov. Phys. JETP, 35 (1972), 908-914. 1



	Introduction
	A priori estimations
	The existence and uniqueness of solution

