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In this pager a pure algebraic method implemented in a computer algebraic system, named multiple Riccati equa-

tions rational expansion method, is presented to construct a novel class of complexiton solutions to integrable equations

and nonintegrable equations. By solving the (241)-dimensional dispersive long wave equation, it obtains many new

types of complexiton solutions such as various combination of trigonometric periodic and hyperbolic function solutions,

various combination of trigonometric periodic and rational function solutions, various combination of hyperbolic and
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1. Introduction

Recently, Mal'l presented a novel class of explicit
exact solutions, named complexiton solutions, to the
Korteweg—de Vires (KdV) equation under the help
of its bilinear form for the extent and diversity of
the nonlinear waves described by the KdV equation.
These complexiton solutions possess singularities of
combination of trigonometric function and hyperbolic
function. More recently, Lou et al[? used the mapping
relation among the (n 4+ 1)-dimensional sine-Gordon
field equation and the cubic nonlinear Klein—Gordon
equation to solve the (n+1)-dimensional sine-Gordon
field equation, and found many new types of complexi-
ton solutions. However, the above two methods were
only applied to integrable equations. An interesting
problem in solution theory is to set up a direct and
uniform algebraic method for constructing more gen-
eral form complexiton solutions for integrable equa-
tions and nonintegrable equations.

The present work is motivated by the desire to set
up a new arithmetic, named multiple Riccati equa-
tions rational expansion (MRERE) method, to con-
struct new types of complexiton solutions of integrable
equations and nonintegrable equations, such as many

new types of exact explicit solutions, some complexi-
ton solutions such as various combination of trigono-
metric periodic and hyperbolic function solutions, var-
ious combination of trigonometric periodic and ratio-
nal function solutions, various combination of hyper-

bolic and rational function solutions.

As is well known, the tanh method provides a
straightforward and effective algorithm to obtain such
particular solutions for a large number of integrable
equations and nonintegrable equations. There are few
works in the traditional tanh methods!® and various

extended methods(4—10]

to construct the complexiton
solutions of combination of trigonometric function and
hyperbolic function solutions, rational function and
trigonometric function solutions or rational function
and hyperbolic function solutions. In our method,
we use two or more variables which satisfy two dif-
ferent Riccati equations, in which different parame-
ters is chosen independently. In this way, we can con-
struct many families of novel complexiton solutions of
some nonlinear Partial differential equations (PDEs),
in which hyperbolic (solitary) function and triangu-
lar periodic functions or rational function wave and
hyperbolic function waves can appear in a solution
at same time. Although our method can not recover

all complexiton solutions obtained by Ma’s method

*Project supported by China Postdoctoral Science Foundation, Natural Science Foundation of Zhejiang Province of China (Grant
No Y604056) and Ningbo Doctoral Foundation of China (Grant No 2005A610030).

TE-mail: chenyong@dlut.edu.cn
http://www.iop.org/journals/cp http://cp.iphy.ac.cn



No. 1

Complexiton solutions of the (2+41)-dimensional dispersive long wave equation 7

and Lou et al's method, other new types of complexi-
ton solutions cannot be found by Ma’s method and
Lou et al's method. On the other hand, it can re-
cover the solutions by various improved and extended
tanh methods!®*~1% and find other new types of com-
plexiton solutions which cannot be found by existing
tanh function methods. In particular, our method is
a straightforward and pure algebraic algorithm imple-
mented in a computer algebraic system.

By use of our method and with the aid of symbolic
computation, we solve the (2+1)-dimensional disper-
sive long wave equation, and obtain many new types
of explicit exact solutions, some complexiton solutions
such as various combination of trigonometric periodic
and hyperbolic function solutions, various combina-
tion of trigonometric periodic and rational function
solutions, various combination of hyperbolic and ra-
tional function solutions, etc.

A (uu Wity Uiz s Uiy, Ustty Uit

we use the wave transformation

where k, [ and )\ are constants to be determined later.
Then the nonlinear partial differential system (1) is
reduced to a nonlinear ordinary differential system:

e(u;, U, Uu,...)=0. (3)

Step 2. We introduce a new ansétz in terms of fi-
nite rational formal expansion in the following forms:

> al 0" (YR (8)

- rji1+7ri2=J
Ui(§) = aio + L —,(4)
Jz:; (119 (&) + p2p (§) +1)7
where aijlrﬁ, pr and po (rjn = 1,2,....5; § =
0,1,...,m;; n = 1,2; i = 1,2,...) are constants to

be determined later and the new variables ¢ = ¢ (&)
and ¥ = 1 (§) satisfy the Riccati equation, i.e.,

%=h1+h2¢27 %=h3+h4¢27 (5)

where hi, ho, hg and hy are constants.

Step 3. Determine the m; of the rational formal
polynomial solutions Eq.(4) by respectively balancing

Uiyt Uizx, Wiyy, Wizy, - -

This paper is organized as follows. In Section 2,
the detailed derivation of the MRERE method will
be given. In Section 3 the application of the MRERE
method to the (2+1)-dimensional dispersive long wave
equation is illustrated. The conclusion is given in Sec-
tion 4.

2. Summary of the multiple Ric-
cati equations rational expan-

sion method
In the following we would like to outline the main
steps of our method.

Step 1. For a given system of polynomial PDE
with constant coefficients, with some physical fields
u; (z,y,t) in three variables z, y, t,

) =0, (1)

the highest nonlinear terms and the highest-order par-
tial derivative terms in the given system equations (see
Refs.[3-10] for details), and then give the formal solu-
tions.

Step 4. Substitute Eq.(4) into Eq.(3) along with
Eq.(5) and then set all coefficients of ¢? (§)¢?(§)
(p=0,1,2,...; ¢=0,1,2,...) of the resulting sys-
tem’s numerator to be zero to get an over-determined
system of nonlinear algebraic equations with respect
to k, p1, po and aijlrﬂ (rin = 1,2,...,7; j =
1,2,....min=12i=1,2,...).

Step 5. Solving the over-determined system of
nonlinear algebraic equations by use of symbolic com-
putation system Maple, we end up with the explicit
expressions for k, i1, i2, and aijlm (rin =1,2,...,7;
i=12...omiyn=12i=1,2...).

Step 6.
equation (5)

The general solutions of the Riccati

dF

— = R + Ry F?
€ 1+ fio

are
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1 1
(1) when Ry = — and R = ——,
2 2 (5) when Ry = Ry = —
F (&) = tanh (§) £ isech (),
F (&) = cot 10
F(€) = coth (€) + csch (€) (6) () = cot &), (10)
1 =
(2) when Ry = Ry = :':5’ (6) when Ry =0 and Ry # 0,
1
Fl¢)=—————-. 11
F(§) = sec (§) £ tan (¢). O= "Rt a ()
F(£) = csc(§) £ cot (€) (7)
According to Egs.(2) and (4), the conclusions in
(3) when Ry = 1 and Ry — — Step'5 and the general solution.s Eqs.(G)f(ll), we can
obtain many types of complexiton solution of Eq.(1)
F(§) =tanh (¢), F(¢)=coth(¢),  (3) asfollows.
(I) When hl = 1, h2 = —1 and h,g = h,4 = :l:l,
(4) when Ry = Ry = 1 we can get combination of tanh (coth) and tan func-
tion solutions and combination of tanh (coth) and sec
F(§) =tan (), (9)  function solutions:

> a],,, tanh’ (§) tan"s2 (€)

ri1+rj2=j
= a; - , 12
a0+; (p1 tanh §)+uztan(€)+1)9 (128)

S ad,,,,, tanh™ (€) sec (€)
ri1+ri2=J
Z_ KA + & ? > b 12b
i = o Z (i Tl (&) 1 50 (€) 7 17 (120)
S al,,,,, coth (¢) tan™? (€)

ri1+ri2=7
= a; - , 12
+Z (i1 <ot (&) 1 722 tam (€) 17 (12¢)

> aly,, coth™! (€) sec’ (§)

ri1+ri2=j7
= a; + — 12d
- i ; (11 coth (&) + pg sec (€) + 1)7 (12d)

1
(IT) When hy =1, hg = —1 and hg = hy = ii’ we can get combination of tanh (coth), sec and tan function

solutions and combination of tanh (coth), csc, sec, cot function solutions:

>.  al,y, tanh™ (§) (sec (§) + tan (£))"*

ri1+ri2=J
uz_a“; TG CIGET TGS (132)

> al,,,, tanh" (§) (esc (§) & cot ()"

rj1+ri2=j
_alo—i_JZl (p1 tanh (€) + pg (sec (&) £ tan (€)) +1)7 7 (13b)

> al,,,, coth™ (€) (sec () & tan ()"

ri1+ri2=J
_alo+; (1 coth (&) + pa (sec (&) £tan (&) +1)9 7 (13c)

S al,,,., coth™ (€) (cse (€) % cot (€)™

ri1+rj2=j
uz_am; (i1 coth ) F 72 (e (€ T tan (@) F 17 (158d)
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(ITII) When hy = 1, ha = —1, hs = 0, and hy # 0, we can get combination of tanh (coth) and rational
function solutions:

Tj2
> a’Tngﬂ tanh'7* (£) (_ h4gl+co)

ri1+ri2=J
u; = aio + 2 ) (14a)
3 e T

T2
Z ag‘ 172 coth"”* (5) (_h451+00)

Ti1+Trj2=7
= a;0 + . (14b)
721 (w1 coth (§) — 88 +1)7
1 1 o
(IV) When hy = bt he = 3 and hg = hy = +1, we can get combination of tanh, sech and tan (cot)

function solutions and combination of coth, csch and tan (cot) function solutions:

; a’”nrp (tanh (5) + isech ({))Tﬂ tan’i2 (5)
U = Qo + le (p1 (tanh (€) +isech (€)) + potan (§) +1)7 (15a)
> ar 1z, (cOth (€) £ esch (€))7 tan"s2 (€)
rj1+ri2=j
= a0 + le (p1 (coth (€) & csch (€)) + pa tan (&) +1)7 (15b)
> al,,, (tanh (€) +isech (€)' cot™s2 (€)
rj1+ri2=j
= ajo + le (p1 (tanh (€) & isech (€)) + pz cot (€) +1)7 7 (15¢)
> al.,,, (coth (&) + csch (€))7 cot™? (€)

ri1+rj2=j
= a0 + ; (coth (§) £ esch (€)) + pa cot (§) +1)7 (15d)

(V) When hy = —%, hy = % and hg = hy = :l:%, we can get combination of tanh, sech (coth, csch), sec and
tan function solutions and combination of tanh, sech (coth, csch), csc and cot function solutions:

Jrz: ar 1y (tanh (€) & isech (€))7 (sec (€) & tan (€£))"7?
i = o+ le (tanh (§) £ isech (£)) + p2 (sec (§) £tan (§)) +1)7 ~ (16a)
Z aj. ., (coth (§) £ esch (€))7 (sec (€) + tan (€)™

Ti1+Trj2=J
= a0+ Z (11 (coth (€) 4 csch (€)) + po (sec (&) £ tan (£)) +1)7 (16b)

=1
S al,,,,, (tanh (€) £ isech (€)™ (cse (€) + cot (€))"”
i=a +ZTJ1+T]2 =J ‘ (166)
T G (O F e () e @ ot @) T
S al,,,,, (coth (€) % csch (€)™ (csc (€) & cot (€)'
w = a; +Z”1+”2 7 — (16d)
P& (i (coth (€) £ esch (€)) + piz (ese (€) £ cot (€)) + 1))

(VI) When hy = 1, ho = —1, hg = 0, and hy # 0, we can get combination of tanh, sech (coth, csch), rational
function solutions:
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. . T2
. ; Jag 1, (tanh (€) £ isech (€)™ (-#)
U; = Qi + Z - : . 5 (17&)
= (ka1 (tanh (§) +isech (§)) — 8o + 1)
. L\
N 1+§T:2 JaT11TJ2 (coth (&) & csch (&))" (—m)
= o+ Z 1 (coth (&) £ csch (§)) — (17b)

h45+c + 1)

(VII) When hy; = hy = 1, hg = 0, and hy # 0, we can get combination of tan (cot), rational function

solutions:

. 52
Z _a;]“ﬂ]z tan’1 (5) (_ h4§1+c0)

ri1+ri2=j
—oa+3 (i tan (€) —

Jj=1

; (18a)

h45+00 + 1)

. ) 752
Z ag“jlrp cot™t (5) (_ h451+00)

rj1+ri2=j
U; = a0 + §

(p1 cot (§) —

(18b)

h4f+C0 + 1)

(VII) When hy = hy = +1, hy = 0, and hy # 0, we can get combination of tan (cot), sec (csc), rational

function solutions:

S, (e (©) £ tan () ()

ri1+ri2=j
U; = a0 + §
Jj=1

(k1 (sec (§) + tan (£)) —

, (19a)
h4f+C0 + 1)

S al,,, (csc(§) £ cot (€)™ (_ﬁ)wz

r]1+h2 =Jj
= a10+z (csc (&) £ cot (§)) —

Remark 1:

The method proposed here is more general than
various existing methods®~8) and the projective Ric-
cati equation expansion method®~1% for finding exact
solutions of nonlinear PDEs. The appeal and success
of the method lie in the fact that writing the exact so-
lutions of a nonlinear equation as polynomials of ¢ and
1) whose derivations are in closed form, the equation
can be changed into a nonlinear system of algebraic
equations. The system can be solved with the help of
symbolic computation.

Remark 2:

We can easily see that when hy # hg or hs # hy,
¢ and 1 satisfy two different Riccati equations, the
hyperbolic functions and triangular functions can ap-
pear in one solution at the same time. These solutions
have not been obtained by any other Riccati equation
expansion methods or projective Riccati equation ex-

(19b)

h45+00 +1)

pansion methods.

3. Complexiton solution of the
(241)-dimensional

long wave equation

dispersive

Let us consider the (241)-dimensional dispersive
long wave equation(DLWE),

Uyt + Ugz + (Utz)y = 0,

U+ Uy + (W) + Uggy = 0. (20)

The (2+1)-dimensional DLWE (2
by Boiti et all'’ as a compatibility for a “weak” Lax

0) was first derived

pair. Recently considerable effort has been devoted to

the study of this system.12~16]

In order to get some families of rational form wave
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solutions to the (2+1)-dimensional DLWE, by con-
sidering the wave transformations u(z,y,t) = U(E),
v(z,y,t) = V(€) and & = k(z + ly + A\t), we change
Eq.(20) to the form

NU" + V" +1U" +1UU" =0,
NV + U+ (UV) + kAU = 0. (21)

For the (2+1)-dimensional DLWE, by balancing
the highest nonlinear terms and the highest order par-
tial derivative terms in Eq.(21), we suppose Eq.(21)
have the following formal travelling wave solution:

a1+ by
U =aqy+ ——mMmMmm—,
(€)= a0 1+ poth + 1
|
Alz—(/\—i-ao)lal, Blz
po = £1, A2:—1a1217

= —blall, Ol =

A1¢+ By
o+ pop + 1
Ag¢? + Bagtp + C11p?

(116 + potp + 1)2

where u1, pe, ao, ai, b, Ag, A;, B; and C1(i = 1,2)
are constants to be determined later and the new vari-
ables ¢ and v satisfy Eq.(5).

With the aid of Maple, substituting Eq.(22) along
with Eq.(5) into Eq.(21) and setting the coefficients
of these terms ¢’/ to be zero, we get a set of over-

V(€)= Ao+

: (22)

determined algebraic equations with respect to ag, a1,
bl, Ao, Al, Bl Ag, BQ, Cl, M1, K2, k’, [ and .

By use of the Maple soft package ‘Charsets’
by Wang Dongming, which is based on the Wu-
elimination method,'” solving the over-determined
algebraic equations, we get the following results:

—blaol - bl)\l, M1 = :l:l,

1
—— b2 23
5 b1l (23)

where ag, Ao, a1, b1, k, [ and X\ are arbitrary constants.

According to Eqs.(21)—(23) and the general solutions of Eq.(5) listed in the above section, we will obtain
the following exact solutions for the (2+1)-dimensional DLWE.

Note that there are so many solutions obtained here, we just list some new solutions for the (2+1)-
dimensional DLWE to illustrate the efficiency of our method.

Family 1. When hy = 1, hs = —1 and hy = hy = £1, then we can get combination of tanh and tan
function solution:
U= a ay tanh (§) by tan (&)
:I:tanh({):l:tan({)—i—l +tanh (&) £tan (&) +1°
Vi— Ay (A+ag)lajtanh(§)  (biagl +biAl) tan (§)
O ftanh (6) £tan () +1 =+ tanh (€) + tan (€) + 1
a1 %l tanh? (&) biailtanh (§) tan (£)

2 (4 tanh (€) + tan (€) +1)° - (tanh (&) 4 tan (&) + 1)
bi%ltan? (€)
(

2 (4 tanh (€) + tan (€) + 1)

where £ = k (x + ly + A\t), ao, Ao, a1, b1, k, [ and X are arbitrary constants.
Family 2. When hl = 1, hQ = —1and hg = h4 =+

function solution:

(24)

—, then we can get combination of tanh, sec and tan

Us= ag+ ay tanh (§) by (sec (&) £ tan (€))
+tanh (£) +sec(§) £tan () +1  +tanh (§) £sec(§) + tan (§) + 17
Vo= Ag— ()‘+a0) lay tanh (f) (—blaol - bl)\l) (SeC (f) + tan (f))

+ tanh () +sec (¢) £ tan () + 1
a1 tanh? (€)
2 (4 tanh () =+ sec (€) + tan (€) + 1)
b1l (sec (€) & tan ({))2
2 (4 tanh (€) =+ sec (€) + tan (€) + 1)

+ tanh (§) £ sec (§) £tan (§) + 1

_biagltanh (§) (sec (§) £ tan (§))
(+ tanh (€) =+ sec (€) & tan (€) + 1)
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where £ =k (x + ly + A\t), ao, Ao, a1, b1, k, [ and X are arbitrary constants.

Family 3. When hy =1, ho = —1, h3 =0, and h4 # 0, then we can get combination of tanh and rational
function solution:

Us — ag + a1 (ha€ + ¢p) tanh (&) B by
3 O T (ha +co)tanh (&) F 1+ ha +co =+ (haé + co) tanh (&) F 1 + ha + co
Ve A4 (Atao)lay (ha€ + co) tanh (€) (bragl + biAl)
3 O L (hal+co)tanh (&) F 1+ hal+co & (ha€ + co) tanh (€) F 1+ hal + co
121 ((haé + co) tanh (€))? brayl tanh (€) (haé + co)
2 (£ (h4§ + Co) tanh (5) F 14+ hsé+ 00)2 (:I: (ha& + Co) tanh (&) F 1+ ha& + 00)2
bi%l

_2(:|: (h4§+60)tanh(§):|:1+h4€+00)27 (26)

where £ =k (x + ly + A\t), hgy # 0, co, ao, Ao, a1, b1, k, | and X are arbitrary constants.

1 1
Family 4. When h; = —5 ho = 3 and hs = hy = +1, then we can get combination of tanh, sech and tan
function solution:

B aq (tanh (§) + isech (£)) by tan (&)
Us= a0+ T 1 (@) & isech () & tan (&) 71 & tanh (8) & isech (€) & tan (&) + 1
Vi Ay (A + ao) la; (tanh () £isech (§)) (brapl + b1 Al) tan (&)
+tanh (§) £isech (§) £tan (§) +1 £ tanh (&) £isech (&) £ tan (&) +1
a1l (tanh (€) + isech (€))? brail (tanh (§) + isech (€)) tan (&)

2 (£ tanh (€) £ isech (¢) + tan (€) +1)° (& tanh (€) % isech (€) + tan (€) + 1)°
B bi%ltan? (€)
(£ tanh (€) + isech (€) £ tan (¢) + 1)*’

where £ =k (x + ly + A\t), ao, Ao, a1, b1, k, [ and X are arbitrary constants.

1
Family 5. When h; = —5

1 1
ho = 3 and hy = hy = i§’ then we combination of tanh, sech, sec and tan
function solution:

aq (tanh (§) £ isech (€) + by (sec (§) +tan (£)))
+ (tanh () & isech (€)) = (sec (§) £ tan (£)) +1°
(A4 ap)l (ay (tanh () £ isech (€)) + by (sec (§) & tan (£)))
+ (tanh (§) +isech (§)) & (sec (§) £ tan (§)) + 1
a1l (tanh (€) + isech (€))?
2 (£ (tanh (&) £ isech (€)) & (sec (€) + tan (€)) + 1)
brail (tanh (§) + isech (€)) (sec (&) & tan (&)
(£ (tanh (&) £ isech (€)) % (sec (€) £ tan (€)) + 1)
n by 21 (sec (€) + tan (€))?
2 (& (tanh (&) & isech (€)) % (sec (€) £ tan (€)) + 1)’

Us = aop+

Vs = Ao —

(28)

where € = k (z + ly + A\t), ao, Ao, a1, b1, k, I and X are arbitrary constants.

Family 6. When h; = 1, ho = —1, hg = 0, and hy # 0, then we can get combination of tanh, sech, rational
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function solution:

a1 (ha€ + co) (tanh (&) £ isech (£))
(ha& + co) (tanh (&) £isech (§)) F1 4+ hal + co
b1
(ha€ + co) (tanh (€) +isech (£)) F1 4+ haé +co’
(A + ao) lag (ha§ + co) (tanh (&) £ isech (£))
(ha€ + o) (tanh (&) £isech (£)) F 1+ ha€ + co
(—blaol — bl/\l)
(ha€ + ¢o) (tanh (§) £isech (£)) F 1+ ha€ + o
a1l (tanh (€) + isech (€))?
2 ((ha& + cp) (tanh (€) £ isech (&) F 1+ haé + 00)2
brail (tanh (§) +isech (€)) (ha& + ¢o)
((ha€ + co) (tanh (€) £ isech (€)) F 1+ haf + o)’
b2l
2 ((h4€ + co) (tanh (&) & isech (€)) F 1+ haé + o)

where £ =k (x + ly + At), hgy # 0, co, ao, Ao, a1, b1, k, | and X are arbitrary constants.

Us= ao+

Ve = Ag—

(29)

Family 7. When hy = hy = 41, hg = 0, and hy # 0, then we can get combination of tan and rational
function solution:

Us = ag+ a1 (ha§ + co) tan (§) _ b1
T (hgé+co)tan () Fl+ha€+co (M€ +co)tan () F1+haé +co’
Vee Ao — (A + ao) lag (ha& + o) tan (€) (brapl + b1 Al)
7 0 :t(h4§+00)tan(§)$1+h4f+00 :|:(h4§+00)tan(§)$1+h4§+00
_ a1l ((ha€ + co) tan (£))? n brayl tan (§) (ha€ + co)
2 (& (ha& + co) tanh (&) F 1+ haé +c0)® (% (had + co) tan (&) F 1+ haé + ¢o)?
b2l

— , 30
2 (£ (ha& + co) tan (§) F 1+h4§+00)2 (30)

where £ = k(x4 ly + At), ha # 0, co, ag, Ao, a1, b1, k, [ and X\ are arbitrary constants.

Family 8. When hy =1, ho = —1, h3 = 0, and h4 # 0, then we can get combination of tan, sec, rational
function solution:

a1 (ha€ + co) (sec (§) + tan (€))
(ha€ + co) (sec (§) £ tan (§)) F 1+ ha +co
by
(ha€ + co) (sec (&) £ tan (£)) F1+ hal + o’
Ve Ay (A 4+ ap) lag (ha& + ¢o) (sec (§) + tan (€£))
(ha& + co) (sec (&) £tan (§)) F 1+ hal + o
(—blaol — b1/\l)
(ha€ + o) (sec (&) £ tan (€)) F 1+ haé + co
a1l (sec (€) + tan (€))?
2 ((hat + co) (sec (§) + tan (£)) F 1 + ha + co)”
braql (sec (&) + tan (£)) (ha€ + o)
((ha€ + co) (sec (€) £ tan (€)) F 1+ haf + ¢o)°
B bi?l (31)
2 ((ha€ + co) (sec (€) % tan (€)) F 1+ ha& + co)*’
where £ =k (x + ly + A\t), hgy # 0, co, ao, Ao, a1, b1, k, | and X are arbitrary constants.
At the same time, we can also get some new solutions which are not the complexiton solutions and cannot

Us= ap—+

be obtained by other tanh method, such as:
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1
Family 9. When h; = hg = 3 and hg = hy =

1
5 then we obtain following solutions.

ay (tanh (§) £ isech (&) + by (coth (&) £ csch (£)))

Ug= ag+

Vo= Ao—

+ (tanh (§) +isech (£)) +
(A4 ap) l (aq (tanh (&) £ isech (£)) + by (coth (&) % csch (€)))

(coth (£) + csch (£)) + 17

+ (tanh (§) +isech (£)) +

(coth (§) csch (€)) +1

a12l (tanh (&) + isech (€))?

2 (£ (tanh (&) £ isech (£)) £

(coth (€) £ csch (€)) + 1)

)
biaql (tanh (§) £ isech (€)) (coth (&) £ csch (£))

B (£ (tanh (&) £ isech (€§)) £
b2l (coth (§) & csch ({))

(coth (€) £ csch (€)) + 1)

(32)

* 2 (£ (tanh (&) £ isech (£)) £

(coth (€) + esch (€)) +1)%

where € = k (z + ly + At), ao, Ao, a1, b1, k, I and X are arbitrary constants.

Family 10. When hy = hy =

1
:I:Eandhgziu::l:

—, then we obtain following solutions.

aq (sec (&) = tan (&) + by (csc (&) £ cot (£)))

Uio = ao

l
V10 _ Ao . (/\ + ao) (a

+ (sec (€) &+ tan (€)) & (csc (§) £ cot (€)) + 17
1 (sec () & tan (€)) + by (esc () + cot (€)))

+ (sec (&) = tan (§)) £ (csc (&) £ cot (€)) + 1

a12l (sec (€) + tan (£))?

2 (= (sec (&) £ tan (€)) =+ (csc (€) & cot (€)) + 1)
bral (sec (&) = tan (€)) (csc (&) £ cot (£))

- (= (sec (€) =+ tan (€)) =+ (csc (€) % cot (€)) + 1)°

b2l (csc (€) £ cot (€))*

"2 (o (sec () % tan () + (esc (€) % cot (€)) + 1)°

(33)

where £ =k (x + ly + A\t), ag, Ao, a1, b1, k, [ and X are arbitrary constants.

4. Conclusion

To construct exact solutions of nonlinear PDEs,
a MRERE method is presented and a series of
novel classes of complexiton solutions of the (2+1)-
dimensional dispersive long wave equation are found.
The novel solutions obtained by the MRERE method
include various combination of trigonometric periodic
and hyperbolic function solutions, various combina-
tion of trigonometric periodic and rational function
solutions, various combination of hyperbolic and ra-
tional function solutions, etc. Further works about
the extensions of the MRERE method have the fol-
lowing three options.

1) Mixed equation method: choose two differ-
ent sub-equations such as the Riccati equation* and
the generalized Elliptic equation('8! in the MRERE

method.

2) Construct complexiton solutions which have

different travelling waves.

3) For many (1+1) dimensional physically inter-
esting systems, it is found that complexiton solution is
one of newly found important nonlinear excitation, es-
pecially, non-singular complexiton solutions have also

been discussed.[19]

The result of this paper indicates that the com-
plexiton solutions are also existed for physically in-
Whether the
non-singular complexiton solutions exist in (2+1)-

terested (2+1)-dimensional models.

dimensional models, this problem will been studied
in near future.
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