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1. Introduction

The nonlinear differential equations (NDEs) in
mathematical physics are a major subject in many
fields of physics and nonlinear sciences, and seeking
exact solutions to NDEs is now playing a more and
more important role in understanding these fields.
To deal with these problems, various methods have
been proposed, such as inverse scattering theory,[l]
Hirota bilinear transformations,? truncated Painlevé

4,5]

expansion,® homogeneous method and direct

ansatz method.[6—10]

For the last method many at-
tempts such as Jacobi elliptic function expansion(!*:12
and sine—cosine method['3 have been used but there
appears no general rule.

In this paper, we intend to develop a two-step
ansatz and apply this method to some nonlinear dif-
ferential equations and coupled ones for obtaining new
types of solutions.

Roughly speaking, the general idea of this ansatz
method can be described below. For example, if a
given nonlinear partial differential governing equation
of physical interest is written as

) =0, (1)

where F' is a polynomial in its variables, and its trav-

F(u7ut7u$7uxaf7uact7

elling wave solution u(z,t) = u(€), where £ =z — At
with A denoting the wave speed, is considered, then

Explicit solution, nonlinear physical model, two-step ansatz method

Eq.(1) will become an ordinary differential equation
G(u,u' ", ...) = 0. (2)

First, our method assumes that the solution to
Eq.(2) can be obtained by using the following two-
step ansatz:

u(€) = hiz*(€), (3)
i=0
and
(&) =iz mi@anie.
@) - ’
in which h;(i = 0,1,...,p) , ,m,n are all real con-

stants, and p is a positive integer to be determined.
Some particular solutions of Eq.(4) are listed in Table
1. It should be noted that a similar ansatz is employed
in Refs.[14,15].

Then, we substitute expression(3) and Eq.(4) into
Eq.(2) and equate the coefficients of powers of z(£) to
zero. Thus, we obtain a group of algebraic equations
for unknowns I, m,n, A\, h;(i =0,1,...,p).

Finally, we use Mathematica to solve the above
algebraic equations and know I,m,n,\h; (i =
0,1,...,p). Hence, we have the solutions of Egs.(2)
and (1).

In what follows, we present some applications of
this method to single and coupled NDEs.
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Table 1. Solutions of Eq. (4) with A =m? — 4ln and € = £1.

l — - 2 z(§)
m 2
0 seCh(\ﬂf) ( - —in(l+e tanh(\flf))Z) L
Ilm 2
. csch(V1€) ( - ln(l Te coth(\/ﬁ)) )
- >0 (ef cosh(zxfs) ) ,
“o >0 (E\Fcos2\/75) )1
~o <0 (6 V—A sinh Q\ﬂg)_m)l
“o >0 (6 As1n2r£) )
! 2
>0 >0 SeCh(\/Z&) ( - m+ 26\/5 tanh(\ﬂ&))
. 3
<0 >0 sec(v/—1¢) ( Tt 2ev/—in tan(ﬁ&)l)
) 2
>0 >0 csch(V1€) (m +2cVin Coth(\ﬁ{)) L
<0 >0 CSC(ﬁf)( m+ Zex/jrlt tan(\ﬁg)) 2
>0 0 (_ mTe tanh(gg)))Q
. 0 (_ E(l—i—e Coth(gf)))a
leQe\[lg %
e ((eze\ﬁa - 4m\}2 - 41;1)
ileZe 23 2
>0 0 4(164\1[”%2\?6
2V le
» 0 T 2ViE
<0 >0 0 i\/g sec(v/=l¢)
2. Application of the method to and
G" =d*fG + apG? + aqG® — aF?, ®

some coupled equations

Here we will use the above-mentioned method
to construct our simple ansatz between the unknown
functions to obtain explicit solutions to the following
three coupled equations:

(a) The coupled Korteweg—de Vries KdV
equations!®
u + 6aut, — 2bvv, + QUgge = 0, (5)
and
v + 3Puvy + Brges =0, (6)

which are derived to model the interaction of water
waves. Here o and 3 are constants.

(b) The generalized nonlinearly coupled Langmuir
and dust-acoustic wave equations

3aE" = \E + GE + rG*E, (7)

where A, 7, a, f, p and g are specific physical parame-
ters. When r = 0, Eqs.(7) and (8) are reduced to the
case in Ref.[17].

(¢) The generalized Hirota—Satsuma coupled
equations®!

Up = Eumm — 3uuy + 3(vw),, (9)
Vi = —VUgge + 3’U,’Ux, (10)

and
Wy = —Wgpe + SUW,. (11)

In the following subsections, explicit and new so-
lutions of these coupled equations will be given.

2.1. Exact solutions to Egs.(5) and (6)

Here we consider the travelling wave solution in
the form of u(z,t) = u(), v(z,t) = v(§), and £ =
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T — M. where e; is an integration constant. Substituting
Let Eqgs.(12), (13), (14) and (15) into Eq.(20) arrives at

u = ag + a1v + asv?, (12)

in which ag,a; and as are undetermined real con-
stants, then,

u" = 2a30" + (290 + a1 )v”, (13)

In what follows we choose the nonzero integration con-
stants in order to take into account more possible
cases. Inserting Eq.(12) into Eq.(6) and integrating
the resulting equation once yield

A—3 3
v =e; + T%ﬁv — §alv2 — agv®, (14)
and
A — )
v =d+ 2ev + %Oﬁ —av® — %v{ (15)

where e; and d are integration constants. Let
v(€) = hiz*(€),

where z(§) satisfies Eq.(4).
Balancing v with v yields p = 1. Therefore, we
have

v(€) = ho + h12%(). (16)

From Eq.(4), we know
22" =12 + 2mz* + 3n2C. (17)
Inserting Egs.(4) and (17) into Eq.(16) yields
v = 4hy12? + 6hymz* + 8hyn2b. (18)

From Eqs.(14), (16) and (18), we balance the coef-
ficients of the same power of v and obtain the following
algebraic equations:

—agh? = 8h1n,

)\—3a25 3
S Gmhd —ahy =0,

(A = 3ap) — 3arhohy — 3agh2hy = 4hyl,

e1+ ho

hy

g

and

—galh% - 3a2h0hf = 6h1m

Keeping in mind that u(z,t) = w(f),v(z,t) =

(19).

v(€) and £ = x — At, and integrating Eq.(5) once give

—u+ 3au® — bw? + au’ = ey, (20)

—Aag + 304@8 + ajaey + 2casd = e,

A—3
—Aai + 6aaga; + 6aase; + alaTa()ﬁ =0,
and
3 A—3
—das—b+ §aa% +6aagas +4aas 75%6 =0. (21)

Now, we solve Eqs.(19) and (21) by using Math-
ematica to get the following cases:
Casea.l a=0,a1 =0, hg =0, b= as(—6apS+

A
ao(—3a0+ B B
3)\),d* ﬂ ,l: 3&06 3a1h0ﬂ+)\’

N 20,2 4ﬁ
2

h
sz,nz—OL2 L and ayf # 0.

Substituting it with the solutions given by Table

1, we have:
Case a.1.1 when ! > 0,

256a5h212 e+4VIE
(1 — 64ln eF4vic)2’

Uql = G0

and
+16h,1 2V

1 — 64in ex4Vie’
Case a.1.2 when [ >0 and n < 0,

Va1l =

4a2lh%

sech?(2V1¢),

Ug2 = Ao —

and

% sech(2V/1¢);
—In

Case a.1.3 when [ >0 and n > 0,

’Uagzzt

2
Ug3 = Qg — dazlhi esch?(2V1¢€),
2
Vg = £ Lillln csch(2V1€),
agh3l sech*(VI¢€)
Ugq = Q0 2 )
4n tanh?(VI€)
—hal sech?(VI€)
Va4

B +2v/In tanh(vI¢)’

ash?l esch*(V1€)
4n coth®(VIE) '

Ug5 = A0

and

_ —hql esch®(VI€)
"~ +2V1n coth(VIE)'

Va5
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Case a.2 a = 3, a9 =0, hg =0, 2b = 3a33 +

- - 7301}106 + A - a1h1
6(12A,d—0,l— 4ﬁ >O7m* 4
h2
n= _a28 L and a1a98 # 0,
u - 2a1hll
L /m? — din cosh(2v1¢) —m
4a2h§l2
+ ;
(£vm2 — 4ln cosh(2V/1€) — m)?

and
o — 2h4l
T £v/m? —din cosh(2V1€) —m
Case a.3 a1 = 0, b = ax(—6aga+12a3a—3az8+
dashla — asfh2), 2d = a()( _3ap 38 hﬁﬁ)j

as a a

*3@0 — 3a1h0 + 3(12 — 2a2h(2) a2h0h1
l= 0,m=——"—,
2
agh% 2
n=—— A =asf(3 + hi) and ahgazB # 0.

2aslmhohy sech?(VIE)
m2 — In(1 £ tanh(VI€))2
asl?m?h? sech(VI¢)
(m2 —In(1+ tanh(v/1€))2)2’

Imh; sech?®(VI¢€)
m2 —In(1+ tanh(v1¢))2’

2
Uq7 =00 + azhg —

Va7 = ho —

2a9lmhghy cschQ(\ﬁg)
m?2 — In(1=+ coth(V/1£))?
asl®>m?h3 csch? (VIE)
(m2? —In(1+ coth(v1£))2)2’

2
Uqg8 =0 + agho —

and

Imhy csch?(VI€)

Vag = ho — m2 —In(1+ coth(\ﬂf))zl

4o
Casea.d a; =0,b=as <_6a0a_)\+;>a d=

ao(—Saoa + /\)’ ho = 0, 1 = —3agB — 3a1hof + A S
2ao00 43

agh%
O,m:O,n:fT,aﬂag#Oanda#ﬂ.

256a512h% e+4VI(E)
(1 — 64ln e+4VU(©)2’

Ug9 = Qo

and
161h; et2VIE)

1 — 64ln otaVI©)’

Case a.5 a = (3, ap = 0, ay = 0, 2b = 3a33,
—3a1hof + A aihy
hgp =0, = —— —

3 T Ty
a17$0.

Va9 =

, n =0 and

Case a.5.1 when [ > 0,

4(11 hll 62\ﬁ5

Uaq10 = 4(62\ﬁ£ — m)27

and
4hyl 2V

Vql10 = 7(82ﬂ5 ~ m)Q;

Case a.5.2 when ! <0 and m > 0,

sec?(V=lE),

allhl
m

Ugll = —

and

lh
Va1 = —— sec?(V—IE).
m

Case a.6 a9 =0, a; = 0, a = 3, 2b = 3alq,
h h
2\ = 3a1hoa, | = —3aé 0, m = _a14 1, n = 0 and
Oé(llh() # 0.
Case a.6.1 when [ > 0,

4&1 hll 62\ﬂ£

Uq12 = hoay + m7

and
4hyl e2VIE

Va12 = ho + m%
Case a.6.2 when [ <0 and m > 0,

all (v 7).

Uq13 = a1ho —

and

lh
Va13 = ho — Hl sec?(V—I¢).

Case a.7 a9 = 0, ax = 0, 2b = 3a3a, hy = 0,
/\ . 730,060[ l . 730,1}10 m = 7a1h1 n — O
- a _ ﬁ’ - 4 ) - 4 ) - )
afa; # 0 and o # (.
Case a.7.1 when ! > 0,

4ayhyl €2V

Uql4 = (e2ﬂ£ — m)27
and
ARyl e2VIE
Vala = 5
14 (e2\ﬂf e

Case a.7.2 when [ <0 and m > 0,

Lh
Ugls = _al,rn = SeCQ( \ _15)7

and

lh
Va1p = _ﬁ sec?(vV/—1¢€).

The coupled KdV (a) with & = —a and § =1
was proposed by Hirota and Satsuma.l'®! Since then
it has attracted the attention of some authors. In
Refs.[19,20] the authors obtained the Lax pair of the
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CKdVE (a) with @ = —a and 3 = 1 for a = =. Lul?!l
proved that when o = —1 and § = 1, Eqgs.(3) and (4)
have N-soliton solutions for all b. Feng[??! established

DO =

the global well-posedness of the initial value problems
for the CKAVE. Recently, the bell-shaped soliton so-
lutions to the CKAVE with o = 3, b = 3 and o = —a,
8 = 1 were obtained in Ref.[4, 5, 23] by using the so-
called homogeneous balance method and the ansatz
u=A+ Bv,v = My/(1 +y)? and y = e**, respec-
tively. In Ref.[24] the bell-shaped solution for w and
the kink-type solution for v were found by using the
ansatz method. Our ansatz differs from those used
formerly, and can produce the existing types of solu-
tions as well as some new ones such as g1, Va1, Ua10,
Va10, Uq11 and vg11.

2.4
2.2
2.0
1.8

Ual

1.6
1.4
1.2
1.0

Fig.1. Travelling wave solution uqs1 of Case (a.1.1) with
A= -3 1=025a =1, n=—005 h = 0.75 and
az = 2/9.

3.0

2.5

Val

Fig.2. Travelling wave solution v,1 of Case (a.1.1) with
A= -3,1=025a =1, n = —0.05 h = 0.75 and
az = 2/9.

In order to display the property of the new solu-
tions, (g1, Ve1) in Case (a.1.1) is given in Figs.1 and 2.
Here, A = —3,1=0.25, a9 = 1, n = —0.05, h;y = 0.75

and ag = 2/9. From these figures, it can be seen that
(a1, vq1) behaves like a standard bell-shaped solitary
wave.

2.2. Exact solutions to Egs.(7) and (8)

In order to solve Eqs.(7) and (8), we assume
E? =bG + ¢G? + dG?, (22)

where b, ¢ and d are real constants to be determined.
Thus

2EE" +2(E')? = bG" + 2¢(G")? + 2cGG”
+ 6dG(G")* + 3dG*G".  (23)
Inserting Eq.(22) into Eq.(8) yields
G" = (a®f —ab)G + (ap — ac)G? + (ad — aq) G, (24)
and
"2 2 2 2 3 1 4
(G")* = (a*f —ab)G* + g(ap—ac)G + i(ad—aq)G .

(25)
We use

G(&) =) hiz*(g),
=0

where z(§) satisfies Eq.(4), and h;, I, m and n are un-
determined. Balancing G” and G2, we have p = 1,
ie.

G(§) = ho + h12%(€), (26)

and
G" =2h1(2')? + 2h 22" (27)

Inserting Egs.(4) and (17) into Eq.(27) yields
G" = 4hy12* + 6hymz* + 8hynzb. (28)

From Egs.(24), (26) and (28), we balance the co-
efficients of the same power of z(£) and obtain the
following algebraic equations:

(a®f — ab)hg + (ap — ac)hd + (ad — aq)hi = 0,
a®f —ab)hy +2(ap—ac)hohi +3(ad —aq)hih, = 4hyl,
0
(ap — ac)h? + 3(ad — aq)hoh? = 6hym,

and
(ad — aq)h? = 8hin. (29)

From Eq.(22) it follows that
E =4+bG + ¢G? + dG3. (30)

Then

(b+ 2¢G + 3dG*)?(G")?
4(bG + ¢G2 + dG3)

(EI)Q —
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From Eq.(7) we have

3aEE" = (A + G +rG?*)E?. (32)

Insert Eqgs.(22), (24), (25), (31) and (32) into
Eq.(23) and balance the coefficients of the same power
of GG, then we will obtain the following algebraic sys-
tem:

Q
3a

—6bc(a® f —ab) — ng (ap—ac)+

b2 = b2 (a’f — ab),

4b 4\
—(Ac+b)+ —bc =
Sa( c+ )+3a c=0,

(—4c? — 14bd)(a*f — ab) — 6bc(ap — ac)
- ng(aq —ad) + g—Z(Ad +c+1b)

4c 4\
— (A b —bd =
+3a( et )+3a 0,

— l4cd(a®f — ab) — (4¢® + 12bd) (ap — ac)
4b
— 6b —ad) + —
c(aq — ad) + %

4c 4d
3—Q(Ad+c+rb) + 3fa()\c+b) =0,

(d+rc)

+

—9d*(a*f — ab) — ?cd(ap —ac)
4
— (4¢® 4 11bd)(aq — ad) + ?Tabdr

4c 4d
+ %(d—i—rc) + 371(/\d+c+rb) =0,

4
—red+ ad (d+rc) =0,

4
—8d%(an—ac)—12 _
8d*(ap—ac)—12cd(aq ad)—|—3a 3a

and

A2 1?5d2(aq — ad). (33)

3a
By solving Eqgs.(29) and (33), we can have lots of
solutions, for instance,

_ ho(1 — 6a>hoq) hi(1 — 9a*hoq)

l i
o 12a ’ 18a ’
ah%q
Np1 = — 3 )
by — h0(15 — 32h0’l") F—— h1(5 — 16h07’)
2 360a ' ? 180a
’I‘h%
Np2 = —@;
ho(g — 16h0’l”) hl (3 — 8h0’l“>
L
rh%
Np3 = _97.

According to Table 1, we can obtain many groups
of exact solutions of Eqs.(7) and (8) related to these
three groups of solutions of coefficients I, m and n.

2.3. Exact travelling wave solutions to
Egs.(9), (10) and (11)

We apply the same method to Egs.(9), (10) and

(11) and obtain lots of exact solutions. For instance,
d*h3 d*hoh d*h?

Whenl:a O,m:a 01, =4 L 9¢ =

~2ad?h2, 5a*d*hE = 9, 3\ = —ad®h2, a > 0, d > 0,

we have

17 + 18tanh(v/I€) — 3tanh?(V/1€)

Yl = B tanh (VIE) + 5) (Btanh(vViE) £ 1)
17 «+ 18tanh(v/I€) — 3tanh®(V/1¢)
Ve1 =

*(3tanh(vI€) £ 5)(3tanh(viE) £ 1)
3dh3(17 + 18tanh(VI€) — 3tanh®(VI€))? 2\
© 5A(3tanh(vI€) £ 5)2(3tanh(VIE) £1)2 | 3
—7 =4 18coth(V/1€) 4 21coth?®(V1€)
* (3coth(VIE) + 5)(3coth(VIE) £ 1)
—7 4 18coth(V1€) 4 21coth?(V1€)
% (3coth(VIE) + 5)(3coth(VIE) £ 1)
3dh3(—7 + 18coth(VIE) + 21coth®(VIE))? 2\
 5A(3coth(VI€) £ 5)2(3coth(ViE) £1)2 3
+21/2sinh(2V1€) 4 5
’+2y/2sinh(2vi€) — 1’
+21/2sinh(2V1€) 4 5
+21/2sinh(2v1€) — 1’
3dh3(+2v2sinh(2V1€) +5)% | 2\
BA(£2vZsinh(2vi€) —1)2 3
3tanh?(v/1€) + 3tanh (V1) — 2
1 + 3tanh(v/1¢) ’
3tanh?(v/I€) + 3tanh(V1€) — 2
1 4 3tanh(v/1€) ’
3dh?(3tanh®(VI€) + 3tanh(vI€) — 2)%  2X
- BA(1 + 3tanh(Vi€))2 37
—3coth?(VI€) + 3coth(VI€) + 4
1 4 3coth(VI€) ’
—3coth?(VI€) + 3coth(VI€) + 4
1 4 3coth(VI€) ’
3dh3(—3coth®(VI€) £ 3coth(VIE) +4)% 2\
- SA(L = 3coth(vig))? 3
9eEAVIE 4 60et2VIE — 32
o (3e£2VIE — 8)(3e£2ViE 1 4)’
9eEAVIE 4 60et2VIE — 32
dho (3e£2VIE — 8)(3e£2ViE 1 4)’
3dh2(9eT1VIE 4 60eE2VIE — 32)2 2\
SA(3et2ViE — 8)2(3e+2Vi) £ 4)2 3
Here u.g, ve6 and weg are new solutions and the others
are similar to those in Ref.[7].

Ucl =

We2 =

Ve2 =

Uc2 =

We3 =

veg = dhg

Uc3 =

Wea = ho

Vea = dhyg

Ucq =

Wes = hO

Ves = dhg

Ucs =

Wee =

Ve =

Uce =
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3. Application of the method to

some single equations

Here we will use this method to solve two kinds
of single partial nonlinear differential equations:
(d) The combined KAV-MKdV equation:

Us + pUUy + 5u2ux + Ugze = 0, (34)

where p and § are specific parameters. This equa-

tion may describe the wave propagation of the bound
particle, sound wave and thermal pulse.[25=27]

() The (2+1)-dimensional Caudrey—Dodd—
Gibbon—Kotera—Sawda equation:

36us + Upzaws + 15(Wzy ). + 4500, — SUgzy — 15Uty
— 150,80, (uy) — 50 H(uy,) = 0, (35)

which was first proposed by Konopelchenk and

Dubovsky. Much work about this equation has been

done.[28—30]

3.1. Exact solutions to equation (34)
For Eq.(34), let w(§) = u(z,t) and £ = = — At

then we will have

)
—Au + %uz + guS +u"” =0. (36)

Let ,
u(€) = hiz*(9),
i=0
where z(&) satisfies Eq.(4).
Balancing u” with u? yields p = 1. Therefore, we

have
u(€) = ho + h12°(€). (37)

Inserting Eqgs.(4) and (17) into Eq.(37) yields
u” = 4hy12? + 6hymz* + 8hyn2S. (38)

From Eqs.(36), (37) and (38), we balance the coef-
ficients of the same power of z and obtain the following
algebraic equations:

—6Xho + 3uhd + 20k = 0,
—Ahy + Mh0h1 + (5h%h1 + 4hyl =0,
ph3 + 26hohi + 12hym = 0,

and
Sh3 + 24hin = 0. (39)

Solving the above equations by use of Mathemat-
ica gives
1
l=——ho(3 45h
2 0( I + 0)7

1
= —— 20ho)h
m 12(M+ 0)h1,

L —on
24

and
\ ho (3 + 20ho) .
6
Substituting it with the solutions given by Table
1, we have:

Case d.1 when [ > 0,

Imhy sech?(V1¢€)

= h — s
HL =0T e (1 + tanh(Vi€))?
= B Imhy csch?(VI¢€)
@ * mz_ In(1 + coth(v/1€))2’
and
161hye*2VE
ug3 = ho +

(e+2VIE — 4m)2 — 64in’
Case d.2 when!>0andn >0,

lhy sech?(VI€)
m =+ 2v/In tanh(VI€)’

Ugs = ho —

and

lhy csch?(VIE) _
m =+ 2v/In coth(VIE)
Case d.3 when ! > 0 and p+ hod =0,

uge = hg — lhml<1 itanh(?)),

Uuqs = ho —

and

lh
Ugy = hg — Wl(l =+ cot

b))

Case d.4 when [ > 0 and p + 2ho6 =0,

161h, et2ViE

Ugg = hg  ——————
s 0 1 — 64ln eF4Vig

where ug3 and ugs are new solutions for Eq.(34).

3.2. Exact solutions to equation (35)

For Eq.(35), let £ = = + ey + dt,b = 36d — 5e?,
then

bu +u"" + 15uu” + 15u® — 5eu” — 15eu® = 0. (40)
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Assume that
p
u(€) =D hi2*(6),
i=0

where z(§) satisfies Eq.(4).

nn

Balancing ", uu” with u3 yields m = 2. There-

fore, we have

u(f) = h() + hlzz(g) + h224. (41)

"

Then expand v, uu’ and u? to powers of z, in-

sert them into Eq.(40), and balance the coefficients of
the same power of z, and we will obtain the following
algebraic equations:

bho — 15eh + 15h3 = 0,

bhy —30ehohy +45h2h1 — 20eh, 1+60hohy 1+ 16h112 =0,

— 15eh? + 45hgh? + bhy — 30ehgha + 45h2hs
+ 60h21 — 80ehyl + 240hghol + 256hy1?
- 306h1m + 90h0h1m + 120h1lm = 0,

15h3 — 30ehyhy + 90hohyhy + 300h1 kol + 90h3m
— 100eham + 300hgham + 1040helm + 120h;m?
+ 120h0h1n + 320hlln — 4Oeh1n = 0,

45h3hy — 15eh3 + 45hoh3 + 240h31 + 390h; ham
+ 840hom? + 120h3n — 120ehan

45h1 h3+300h3m-+480hy hon+2688hymn+384hin* =0,

and

15h3 + 360h3n + 1920han® = 0. (42)

Solving the above equations by use of Mathemat-
ica yields

1
l= §(5€ — 15ho £ \/S\/582 — 18ehq + 21h3),

h
m:—?l,n:(),hg:07

b=15(eho — h3), and 4e? — 9ehg + 6h3 # 0.

Substituting it with the solutions given by Table

1, we have
Case e.1 when! > 0and n =0,
i 2v/1 eV
e1——762ﬂ5+%7
and
Ue1 = ho + Al eVt

25
(eQ\ﬂE + h21>

Case e.2 when! < 0,n=0and h; <0,

Ze2 = =+ ;l sec(\/jlf),

m

and

Uen = hg — % sec?(vV/—l€).

These two solutions are obtained here for the first

time.

4. Remark and discussion

We have presented a direct method of obtaining
many new and generalized exact travelling wave so-
lutions for some nonlinear differential equations and
coupled ones. It is expected that this method can
be applied to many other equations or coupled equa-
tions. But in this two-step ansatz method, the second-
step ansatz can be used only for even rank equations
(31]

but not for odd ones.'®*! For example, the well-known

Burgers—Korteweg—de Vries equations
Ut + aut, + ﬂuzz + VUgze = 0

cannot be solved by using the present method, because
its rank is odd. According to Ref.[31], we can assume
u = f(u) or u = g(w), and w' = f(w) to solve this
equation.

In summary, based on some simple ansatzes we
have generated many explicit solutions to many phys-
It should be noted that in order to
ensure that the results are correct, the algebraic equa-

ical equations.

tions here are solved and verified by using Mathemat-
ica.
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