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Abstract

In this Letter, by applying the Jacobi elliptic function exp@ansmethod, the peoidic solutions for liree coupled nonlinear
partial differential equations are obtained.
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1. Introduction

Recently, Hu presented a new method finding exact lirayevave solutions of coupled nonlinear differential
equation$l,2]. This new ansatz method, in which a simple rational polynomial relation is assumed to exist between
dependent variables in theupled differential equations, was succeBgfapplied to obtain some new solutions
to three kinds of coupled differentiaquations of mathematical physics. However, there only some soliton-like
solutions were derived and some conditions are coarse. In this Letter, by using the Jacobi elliptic function expansion
method[3-5], we obtain the periodic solutions for a class of coupled nonlinear partial differential equations, which
play an important role in modern physics.
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2. Periodic solutionsfor coupled nonlinear plasma system

The coupled nonlinear plasma systggyv] reads

Uyx = 01U + 02UD, (1a)

Vex = Brv + Pov? + Bau?, (1b)

whengs = 0, this implies thab is independent on. Hu [1,2] obtained some new soliton-like solutions to E9.
By using the Jacobi elliptic function expansion metli@ds], u andv can be expressed as

u=a0+alsn$+azsr?$, (2a)

v = bo+ b1 SNE + by SIPE, (2b)

whereé = kx, sné is the Jacobi elliptic sine functigi®—11]. '
Substituting Eqs(2) into Egs.(1) leads to a set of algebraic equations forsiti =0, 1, 2, 3, 4), from which
one has

6m2k? —
a1 =b1=0, by = m , ap==% 22 '32192,
o2 B3
o |22 P2 [2<1+ mAk?  azp1— 2012 }
° B3 a 20p(c2 — 2B2) |
b 2L+ mdk% 20100 — 2012 — a2B1
0=— - ,
o 202(a2 — 2P2)
2 (atazboao _ (B + Pabo)bo+ Baal @)
a 2a» a 2bo ’
with m (0 <m < 1) is the modulus.
So, the periodic solutions to coupled nonlinear plasma syét¢are
u=a0+azsn2$:(ao+a2)—a20n25=ao+a—22—a—zzdnzé, (4a)
m m
by by
v=>bo+b2SIT§ = (bo+b2) —ber’s = bo+ —5 — —5 difé, (4b)
m m
where crt and dre are the Jacobi elliptic cosine function and Jacobi elliptic function of the third [&nl1].
Whenm — 1, Eqs.(4) reduce to the following solitary wave solutions
u = (ao + az) — apseck &, v = (bo + b2) — baseclf &. (5)
3. Periodic solutionsfor coupled physical system
The coupled physical systefh2,13]reads
Uyy = 01U + oo’ + aguvz, (6a)
Ve = B1v + ﬂzv?’ + ,33v(u2 — 1). (6b)

Similarly, we seek the periodic solutions of E¢S) in the form

u=ap+ aisng, v=>bo+b1SnE, & =kx. (7
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Substituting(7) into Eqgs.(6) leads to the following results

S22 a3(f1 — B3) —a1p b2 183 —a2(B1— B3)
0 a2 —azfz 0 w22 — a3f3
o 2k’m?(a2 — Ba3) 2 2Pm?(B2 — 3)

L= “aBr—azps 1T axPo—asps

K2 (o1 + 3a2a? + azb3)ay + 2azaoboba _ (1= B3+ 3p2bo+ Baad)b1 + 2Bzachoay

1+ m?)ay (14 m?)by
Whenm — 1, (7) reduces to
u = ag + aytanhg, v=bo+bitanht, & =kx.
Similar to(7), we have
u=ap+ aicné, v=bo+b1CNE, & =kx,
with ag andbg same ag8), but

_ 2Pm® (a2 — p3) _2APmP (B2 — 3)

b% = af =
a2 — a3f3 a2 — as3fs
(2= (o1 + 3aza3 + azb3)ai + 2azaobobi _ (B1— B3+ 3P2bo + Baad)b1 + 2Bzaoboai
- 2m?2 — 1ay - 2m?2 — 1)by ’

and

u=ag+aidng, v=bo+brdn, &=kx,

with ag andbg same a$8), but

b 2%z = p3). 2= 2Pz — a3).
azf2 — aszf3 azf2 — aszf3
2 lat Bapad + azbf)ar + 2azaobob1  (B1— B3 + 3B2bo + Baag)bi + 2Baoboar
B (2—m?)ay B (2—m?)b1 '

Whenm — 1, (10)and(12) reduce to

u = ag + ay sechk, v=bo+brseckt, & =kx.

4. Periodic solutionsfor generalized DS equations

The generalized Drinfelf-Sokolov (DS for short) equatift¥ can be written as
ur + oy + Pruxxx + V(Ua)x =0,
U + o1 vy + Bovcyx =0.

We seek the traveling wave solutions of E(i$)in the form
u=u(), v=uv(§), &=k(x—c1),

wherek andc are wave number and wave speed, respectively.
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Substituting(16) into (15), we have

—ed L g 24 +y L) =o. (17a)
dg d§ d&3 d§
dv dv d3v
—eog Fouo + Pok?=— =0, (17b)

d§ ds d&3
In order to solve Eqq17), the following transformation

w = ‘UB/Z, (18)
is introduced, then Eq$17) can be rewritten as
du du d3u W
e ™ gt oyt o, (19a)

dE dE degs3 YaE

9212 (1) (22) (22 o2 a)ue ]
—cw i + oouw E+ﬁk|:(3—l)(3—2)<d$> +3<3 1)wd$ d§2+w 53 =0. (19b)

Similarly, the formal solutions can be written as

u=ap+aisné + a»SP e, (20a)
v = bo + b1 SNE + bo SIPE. (20b)
Substituting(20) into (19), we have
2(4+8)(2+ 8)m?Bok?
a1=b1=0, =- 5 ,
26

2m2k2 B2(4+8)(2+3)
bo [

5 6622B1 — (4+ 8)(2+ &)1 B2]. (21)
0(23 y

and
[—c + azao — 4(1+ m?) Bok?]bo + 6(§ —~ 1) Bak?by =0,
2|:a2a2 + 3m2<§ + 1) ﬂzkz]bo + |:—c + apap —
[—c+ a1a0 — 4(1+ mz)ﬂlkz]az + 2y boba =0,

6 2 4
2|:—c + apag — 4(5 -~ 1) (1+ mz)ﬂgkz]bobz + 2(— —~ 1) (5 —~ 1) Bok?b3 + (azaz + 12m?Bok?) b = 0

2—26 (1+ mz)ﬁzkz} by =0,

)
(22)
from whichag, bg, k andc can be determined.
Thus, the periodic solution to the generalized DS equations are
u=a0+agsnz$=(ao+a2)—agcr12$=ao+a—22—a—zzdnzé, (23a)
m m
2/8 2/8 2/ by b2 2/
v=w? :(bo-l-szI”IZE) =[(bo+b2)—b20n2§'] |:b +— de2§i| . (23b)
Whenm — 1, Eqs.(23) reduce to
u=(ao+az) —azsecR&,  v=[(bo+ba) —bysecR&]*/’. (24)
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5. Conclusion

In this Letter, we apply the Jacobi elliptic function exygéon to solve three coupled nonlinear systems, there
many periodic wave solutions and shock wave or solitary wave solutions are derived. These solutions are helpful
in understanding the problems in modern physics.
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