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Periodic Solutions to KdV-Burgers-Kuramoto Equation*
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Abstract In this paper, a new special ansatz solution, where elliptic equation satisfied by elliptic functions is taken as
an intermediate transformation, is applied to solve the KdV-Burgers-Kuramoto equation, and many more new periodic
solutions are obtained, including solutions expressed in terms of Jacobi elliptic functions, solution expressed in terms of

Weierstrass elliptic function.
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1 Introduction
Many phenomena are simultaneously involved in non-
linearity, dissipation, dispersion and instability.  As
Kuramoto! suggested, KdV-Burgers-Kuramoto equa-
tionl2—4
ou ou
ot + Ox Ox? 923
is an appropriate model to describe these phenomena,
especially at the description of turbulence processes, 24!
where «, 8, and 7 are constants. Equation (1) is also
known as the Kuramoto-Sivashinsky equation!35]
Benney equation. 4!
In order to well understand various nonlinear phe-
nomena, many methods for obtaining analytical solu-

or

tions of nonlinear evolution equations have been pro-
posed,
method,®! the hyperbolic function expansion method,!"-!
the Jacobi elliptic function expansion method,[1 the
trial function method,!*! the nonlinear transformation
method,®12-14 the inverse scattering method,'? trun-

among which are the homogeneous balance

cated expansion method, %! and so on.
The solutions of KdV-Burgers-Kuramoto equation
possess their

the reason why so many methods,
(4]

actual physical application, which is
such as trial-
function method,'*! Weiss—Tabor—Carnevale transforma-
tion method,!!, homogeneous balance method, tanh-
function method,!” and so on, have been applied to obtain
the solutions to KdV-Burgers-Kuramoto equation.[!5:16]
But no method is both convenient and able to be used to
get as many solutions as possible. Weiss—Tabor—Carnevale
transformation method, tanh-function method, and ho-
mogeneous balance method are complex in deducing the

solution to KdV-Burgers-Kuramoto equation. No explicit

solution and parameter constraint were given in Ref. [7],
and only one special case was considered in Ref. [6], so
only a special solution was given. Trial-function method
is a simple one, some solutions can be easily obtained,
too. However, all solutions to KdV-Burgers-Kuramoto
equation given in the literature are expressed in terms
of hyperbolic functions, exponential function or other el-
ementary functions. To our knowledge, no solutions in
terms of special functions have been reported. Generally,
there is no solution in terms of special functions to non-
linear equations where odd-order derivative term(s) and
even-order derivative term(s) coexist.!'?] For example, we
cannot obtain solution in terms of Jacobi elliptic func-
tion or Weierstrass elliptic function to Burgers equation
or KdV-Burgers equation.!'”] But, for some of this kind
of nonlinear evolution equations, just like KdV-Burgers-
Kuramoto equation, under certain conditions, there can
exist solutions in terms of special functions, such as Ja-
cobi elliptic function and Weierstrass elliptic function.

Actually, elliptic equation can be taken as an interme-
diate transformation to solve nonlinear wave equations, 8!
and to derive many periodic solutions and solitary wave
solutions. In this paper, we will revisit elliptic equation
method and apply it to obtain periodic solutions in terms
of Jacobi elliptic function and Weierstrass elliptic function
to KdV-Burgers-Kuramoto equation and compare them
with solutions given in Refs. [4] ~ [7], [15], and [16].

2 Jacobi Elliptic Function Solutions to
KdV-Burgers-Kuramoto Equation

In order to solve Eq. (1), the following transformation

u=u(), &=k(x— cot) (2)
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is needed, where k is called wave number and c¢q is wave

speed.
Substituting Eq. (2) into Eq. (1) yields
du du d?u d3u d4u
—Co—r +U— + ak—— + Bk Ak —— =0. (3
c0d£+ud£+a d£2+6 dg3+7 gl (3)
Integrating Eq. (3) once leads to
1,5 du o d%u s d3u
—Cou+ iu +akd7£+ﬁk digz‘i"}/ki dié,B—FCl :0, (4)

where c¢; is an integration constant.
We suppose that equation (1) takes the following
ansatz solution,

u(§) = Ao + Ary + Aoy,

where y satisfies elliptic equation.!*!

()

Remark 1 Contrary to the general function basis ex-
pansion methods, which only take expansion of different

1 3
u = <§aA2 + Aly/) +bAsy + §CA2y2 ;
u? = (A2 +240459) + (240A; + 241 Aoy’ + aA2)y + (A2 + bAD)y? + cAZy3,

1 3
u = (iaz‘h + A23J’> + (bA1 4 3cAsy )y + 501411/2 ,

u" = (bA1 + %abAQ) + [SCAly' + <62 + ga6> Az]y + %5661421/2 + ?021421/3 .

Substituting Eqgs. (5) and (8) ~ (11) into Eq. (4) results in

1 15
5614% + ?’}/k302A2 =0,

1 3 3 15
5(A% +bA3) + SeakAs + §cﬂk2A1 + ?bcvk?’Ag =0,

1 9
—C()A1 —|— 5(2140141 —|— 2A1A2y/ + &A%) —|— bOékAQ —|— ,6/452(1)/11 —|— 3CA2y/) + ’}/kg |:3CA1y/ —|— <b2 —|— §GC>A2:| = O7

powers of the basis function as ansatz solution, here we
take into the derivatives of basis function in the ansatz
expansion solution. Doing so is due to the special form
of the KdV-Burgers-Kuramoto equation, where odd-order
derivative term(s) and even-order derivative term(s) coex-
ist.

First we consider the following case,

y? =ay+by® + cy?,

then
"o__ 2 § 2
y'=5 Tyt gy (Ta)
y" = (b+3cy)y’, (7b)

15
?CQyS . (7¢)

Combining Egs. (6) and (7) with Eq. (5) leads to

1 1
yW = Jab+ (b2 + gaC)y + ;bcy2 +

(12a)
(12b)

(12¢)

1 1 1 1
c1 — oAy — C()Agy/ + 5(143 + 2A0A2y/) + Ozk‘(§a142 + Aly/) + ﬁkﬁQ (5(1141 + Agy/> + ’}/kiS (bAl + 5(1[)142) =0, (12d)

from which one has

. 1
Ay = —15eyk3, A = —§c6k2,

Ag = co — k% — Z—f (13)
with k satisfying
(b — 3ac)k* + 4(5b — 4)%18 - 43‘2 -0 (14)
under the constraint
B? = 16ary . (15)

Actually, we know that the solutions to the elliptic
equation (6) arel'?—21]

y = sn’(€,m) (16)

with

a=4, b=—-4(1+m?, c=4m?, (17)

where 0 < m < 1 is called modulus of Jacobi elliptic func-
tions and sn(&, m) is Jacobi elliptic sine function;

y = cn®(§,m) (18)
with
a=4(1-m?), b=402m*—1), c=—4m?> (19)
where cn(§,m) is Jacobi elliptic cosine function; and
y = dn*(§,m) (20)
with
a=—-4(1-m?), b=42-m?), c=-4, (21)

where dn(&, m) is Jacobi elliptic function of the third kind.
For these three basic Jacobi elliptic functions, there
are the following relations

sn’(&,m) = en(&, m) dn(E, m)
Cnl(ga m) = —Sl’l(f, m) dn(gv m) )
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dn/(gv m) = 7m2 SH(§7 m)cn(§7 m) . (22)
So when a = 4, b = —4(1 + m?), ¢ = 4m?, the solution to
Eq. (1) is
1
u = co — fk? — Z—f - Zsc,()’kQ sn?(&,m)
- 3007k3 Sn(&a m)CH(f, m)dn(£7 m)
with k satisfying Eq. (14).
When a = 4(1 —m?), b = 4(2m? — 1), c = —4m?, the
solution to Eq. (1) is

(23)

« 15
up = ¢y — Pk — 4—5 - ZcﬂkQ en?(€,m)

+ 30eyk® sn(&, m)en(€, m)dn(€, m)
with k satisfying Eq. (14).
When a = —4(1 — m?), b = 4(2 — m?), ¢ = —4, the
solution to Eq. (1) is
g2 P15
ugz = co — Pk 4
+ 30eyk3m? sn(€, m)en(€, m)dn (€, m)
with k satisfying Eq. (14).

Moreover, it is known that when m — 1, one has
sn(§,m) — tanh¢, cn(¢,m) — sech &, dn(§, m) — sech{
and when m — 0, one has sn(§, m) — sin¢, cn(¢,m) —
cos&. So we also can derive more kinds of solutions ex-

(24)

cBk? dn®(€,m)

(25)

pressed in terms of hyperbolic functions and trigonometric
functions.

3 Weierstrass Elliptic Function Solutions to
KdV-Burgers-Kuramoto Equation
Secondly, we consider y in ansatz solution (5) satisfy-
ing the following case,

y? =4y — goy — g3, (26)
then
1
y// — 7592 + 6y2 , (27&)
y/// _ 12y/y’ (27b)
y® = —12g5 — 18goy + 120y° . (27¢)
Combining Egs. (26) and (27) with Eq. (5) leads to
1
u = (—592142 + Aly/) +642y%, (28)
u? = (A§ + 240 A2y — g3 A3)
+ (24041 + 241 Ay’ — g2 A3)y
AR A% (29)
1
W= = Sgady +1240yy + 6417, (30)
u" = —12g3As + (124" — 1892 A5)y
+ 1204513 . (31)

Substituting Egs. (5) and (28) ~ (31) into Eq. (4) re-
sults in

242 4+ 1207k% A3 = 0, (32a)

1
§A% + 6akAy +63k%A; =0, (32b)

1
— C()A1 + 5(2140141 + 2A1A2yl — ggAg) + 125]621423/

+ k3 (1241 — 18g2A5) =0, (32¢)
1
c1 — cpAop — co Aoy’ + §(A§ + 240Asy" — g3A3)
1 / 1 2
+ 05/45(—592142 + A1y ) — §6k‘ ggAl
— 129k%g345 =0, (32d)
from which one has
48~2 kA
A2 = _6071637 Al = _15ﬁk27 AO =Co — 76 e )
« 1
o= =,/ — 33
27V 3g2 (33)
under the constraint
6% = 16ary . (34)
So the solution to Eq. (1) is
48~2 k4
ug = Ao+ Ay + A2y’ = co — %
— 150k%0(E, g2, 93) — 607k 9 (€, 92, 93),  (35)

where (&, g2, g3) is Weierstrass elliptic function, which
satisfies Eq. (26), see Refs. [19] ~ [21].

Remark 2 To our knowledge, these periodic solutions
from u; to u4 have not been reported in the literature.

4 Conclusion and Discussion

If we set P
= o’ (36)
then
0=16. (37)

Similar constraint was given in Refs. [4] and [5], where
they obtained solutions to Eq. (1) expressed in terms of
hyperbolic functions.*=71516] In this paper, under the
constraint (37), we derive more new periodic solutions
expressed in terms of Jacobi elliptic functions or Weier-
strass elliptic function, whose limiting solutions are those
expressed in terms of hyperbolic functions or trigonomet-
ric functions. To our knowledge, these solutions have not
been reported in the literature. Of course, there are more
constraints (see Refs. [4] and [5]), so solutions expressed
in terms of Jacobi elliptic functions or Weierstrass elliptic
function under these constraints deserve further studies.
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