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In this paper we propose a new form of Padé-II equation, namely, a combined Padé-II and modified Padé-II equation. The mapping
method is a promising method to solve nonlinear evaluation equations. Therefore, we apply it, to solve the combined Padé-
IT and modified Padé-II equation. Exact travelling wave solutions are obtained and expressed in terms of hyperbolic functions,
trigonometric functions, rational functions, and elliptic functions.

1. Introduction

In recent years, directly searching for exact solutions of non-
linear partial differential equations (PDEs) has become more
and more attractive field in different branches of physics and
applied mathematics. These equations appear in condensed
matter, solid state physics, fluid mechanics, chemical kinetics,
plasma physics, nonlinear optics, propagation of fluxions in
Josephson junctions, theory of turbulence, ocean dynamics,
biophysics star formation, and many others.

In order to get exact solutions directly, many powerful
methods have been introduced such as the (G'/ G)-expansion
method [1], inverse scattering method [2, 3], Hirota’s bilinear
method [4, 5], the tanh method [6, 7], the sine-cosine
method [8, 9], Biacklund transformation method [10, 11], the
homogeneous balance [12, 13], Darboux transformation [14],
and the Jacobi elliptic function expansion method [15].

Recently, Peng [16] introduced a new approach, namely,
the mapping method for a reliable treatment of the nonlinear
wave equations. The useful mapping method is then widely
used by many authors [17, 18].

2. Description of the Method

Consider the general nonlinear partial differential equations
(PDEs); say, in two variables,

P, thyy thy, Uy gy .. .) = 0. (1)

Let u(x,t) = u(&), & = p(x — ct); then (1) reduces to a
nonlinear ordinary differential equation (ODE)

Q(u, u',u”,...) =0. 2)

Assume the solution of (2) takes the form
u(nt) =u@=ay+ya(f©) +b(fE)", ©)
i=1

where the coefficients a; i = 0,1,2,...,m), y, and ¢ are
constants to be determined, and f = f(&) satisfies a nonlinear
ordinary differential equation

df ()
dg

= \ijz (E)+%qf4(5)+r, pgr €R, (4)

where the coefficients ay, a;,b, (i = 1,2,...m), u, and c are
constants to be determined and f = f(§) satisfies (4); the
parameter m will be found by balancing the highest-order
nonlinear terms with the highest-order partial derivative
term in the given equation. Substituting (3) into (2), using
(4) repeatedly and setting the coefficients of the each order

of fi(&), fi(ﬁ) \/pfz(E) +(1/2)qf*(€) + r to zero, we obtain
a set of nonlinear algebraic equations for ay,a;,b, (i =
1,2,...n), u, and c. With the aid of the computer program
Maple, we can solve the set of nonlinear algebraic equations




and obtain all the constants ay, a;,b; (i = 1,2,...n), 4, and c.
The ODE (4) has the following solutions:

(1) f(&) =sech(), p=1,gq=-2,r=0,
(2) f(¢) =tanh(§), p=-2, g=2, r=1,

(3) f(§) = (1/2) tanh(2§),(1/2) coth(28), p = -8, gq
32, r=1,

4) f(&) = (1/2)tan(2§),—(1/2)cot(28), p = 8, g
32, r=1,

(5) f(&) =sn& p=—(k*+1),q=2k", r=1,

(6) f(§)=ns&, p=—(k*+1),9=2, r =k,

7) f&) =cdi, p=—(k*+1), g=2k, r=1,

(8) f&) =dc&, p=-(K*+1), q=2, r=k,

) fE) =cnk p=2k* -1, g=-2k* r=1-k,
(10) f(§) =ncé, p=2k> -1, g=2(1-Kk*), r = -k,
) f&) =dn& p=2-k, g=-2,r=—-(1-k%),
(12) f(§) =nd& p=2-K, g=2(K-1), r=-1,
13) f)=cs& p=2-Kk*, q=2, r=1-K,

(14) f(E)=sc& p=2-K, g=2(1-K), r=1,

(15) f(§) =ds&, p=-1+2Kk*, qg=2,7r=-k*(1-K),
(16) f(§) =sd&, p=-1+2k*, q=2K*(K" - 1), r=1,
(17) f(&) =sc&+nc p=(1+k*)/2, q=(1-k»/2, r =

(1 - kz)/4)
(18) f(§) =sn&/(1 +dné), p= (K’ -2)/2, q=K*/2,r =
1/4,

(19) f(§) = dn&/(1 £ ksnl), p = (K +1)/2, q = (kK -
/2, r=(1-k%)/4,

(20) f(§) = kené+dn& p= (K> +1)/2, g=-1/2, r =
~(1-K)/4,

1) f(&) = cn&/(1 £snk), p = (K +1)/2, 9 = (1 -
k)2, r=(1-k»/4,

(22) f(§) =ksné+idn& p=(1-2k)/2, q=1/2, 7 =
K*/4,

(23) f(&) = ksn&+icné p=(k*-2)/2, q=K/2,r =
K*/4,

(24) f(§) =ns&+ds&, p= (K> -2)/2, g=1/2, r = k*/4,

(25) f(&) =ns&—cs& p=(1-2k)/2, g=1/2,r = 1/4,

(26) f(¢&) = cn&/(V1-k*sn& + dné),p = (1 -
2k*)/2, q=1/2, r = 1/4,

(27) f(€) = sn&/(cn& +dné),p = (1 +Kk%)/2, q =
(1-k3’/2, r=1/4,

(28) f(§) = cn&/(N1-K* +dn&), p = (K* -2)/2, q =
K22, r=1/4,

(29) f(&) = -1/c/2E, p=0, g=¢, r =0,

(30) f()=¢*, p=1,g=0, r=0.
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3. Application

In this section, we present our proposed equation, namely, a
combined Padé-II and modified Padé-II equation, as the form

u, (x,t) +u, (o, t) + P (u) u,, (x,t)
(5)

+ auy,., (x,t) + bu,,, (x,1) =0,

where P(11) = u(x, t) +u*(x, t), a,and b are real numbers [19].
Now, we apply the mapping method to solve our equation.
Consequently we get the original solutions for our new
equation, as the follows.
Substituting u(x,t) = u(), & = AMx — ct) in (5) and
integrating once yield

@), @@®)
2 3 (6)
+ A (a-be)u" (§) = 0.

(I-cu@+

Balancing the order of the nonlinear term u” with the highest
derivative u" gives 3m = m+2 that gives m = 1. Thus, the
solution of (6) has the form

1 .
u@®=Yaf@® =a+af@+bf®", @
i=0

where

d
YO \or®+3art©+n parer ©

Substituting (7) in (6) and using (8), collecting the
coefficients of each power of f', 0 < i < 6, setting each
coeflicient to zero, and solving the resulting system, we obtain
the following sets of solutions:

1) ay=0,a,=b=0,c=c, A=A,

(2)ay=ay a,=b =0, c=c, A=A,

3)a, = -1/2, ay = J—q/4p, b, = 0,¢c = 5/6, A =

++/1/(12ap — 10bp),

(4) ay = -1/2,a, = —\/—q/4p, b, = 0, ¢

++/1/(12ap — 10bp),

(5)a, = -1/2,a, = 0,b, = \J-r/2p,c = 5/6, A =

++/1/(12ap — 10bp),

(6)ay = -1/2,a, =0, b, = —/-1/2p, c

++/1/(12ap — 10bp),

(7) ay = ~1/2, @ = (1/2)/(pq + 3q+/2rq)/(18rq - p?),

b, = —(1/2)((6rg + p~J2rq)/

V(pa + 30279/ (18rq - p)(p* - 18r9)),
c=5/6, A =+(1/+2)

><\/(6p2a - 108arq — 5p*b + 90rbq)(p + 3+/2rq)/
(6p*a — 108arq — 5p°b + 90rbg),

5/6, A =

5/6, A =
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(8) @y = ~1/2,a = ~(1/2)\/(pq + 3q\/2rq) (18rq - p?),

= (1/2)((6rq + p~/2rq)/
\(pg +3q\2rg)/(18rq — p2)(p* ~ 18rq)),
c=5/6, A = +(1/2)
x1/(6p2a — 108arq - 5p%b + 90rbq)(p + 3+/2rq)/
(6p*a — 108arq — 5p°b + 90rbg),

(9) @y = ~1/2, @, = (1/2)/(pq - 3q\/2rq)/(18rq - p?),
b, = —(1/2)((=6rq + p~2rq)/
\(pg - 3q\/2rg)/(18rq — p2) (p* ~ 18rq)),
c=5/6, A = +(1//2)
x/(~10p2b+180rbg +12p2a~216arq)(p-32rq)/
(6p*a — 108arq — 5p°b + 90rbg),

(10) @y = ~1/2, @ = ~(1/2)\|(pq - 3q+/2rq)/(18rq - p?),
by = (1/2)((=6rq + p~[2rq)/
\(pa - 3q\2r)/(18rq - p?) (p* - 18rq)),
c=5/6, A = +(1//2)
x\/(—10p2b+180rbq+12p2a—216arq)(p—3\/ﬁ)/
(6p*a — 108arq — 5p°b + 90rbg).

Using (7), the solution of (8) when p =1, g = -2, and
r = 0, and the sets of solutions (1)-(10), we get

u; (x,t) =0,

)

u, (x,t) =ay Va, €R,

fora > (5/6)b

(10)
- _% + %sech(ﬁ (x— §t>> ,

fora < (5/6)b

Us g (x, 1)

) a1

2* &S“(fm( §t>>

Using (7), the solution of (8) when p = -2, g = 2, and
r = 1, and the sets of solutions (3)-(10), we get for a < (5/6)b

Uy g (x,t)

_L, ltanh<; (x_ Et))
272 2vV—6a + 5b 6/)

Ug 19 (%, 1)

l+ lcoth<; (x— ét))
272 2+/=6a + 5b 6/)

1 + ltanh<; (x— Et))
2 4 2V2+\/~6a + 5b 6

<— (X - —t)> >
\/_ pr—
1113,14 (‘:C’t)

2 * ﬁta"(mvﬁ (x- §t>>

2 avavras (- ¢)
(12)

Fora > (5/6)b

Uys,16 (%, 1)
=——= itan( ! <x—5t)>
272 2+/6a - 5b 6/)
U718 (%, 1)
——1+1ic0t< ! (x—5t>)
272 2+/6a - 5b 6/)
Uo.0 (X 1)

=-3* l”a“(zfvéa—5< %)) w

l’c"t(z\rm( gt»

Uy (%, 1)

1 i 1 5
= —-—+ ——tanh <— (x - —t))
2722 2264 - 5b 6

coth

1 5
2\/' (2\/5\/651—5&7 <x 6t>>'

Using (7), the solution of (8) when p = 8, g = 32,
and r = 1, and the sets of solutions (3)-(10), we get,
(17 5(5, 1) tg 10 (X5 1), .. s Uy 95 (2, 1))

Using (7), the solution of (8) when p = -8, q =
32, and r = 1, and the sets of solutions (3)-(10), we get,
(17 5(5, 1) g 10 (X5 1), - . s Uy 95 (2, 1))

Using (7), the solution of (8) when p = —(K* + 1), q =
2k?*, and r = 1, and the sets of solutions (3)-(10), we get
Uz, 30(X, 1) = ay + a;sn & + byns &, where ay, a;, and b, are
defined in the sets of solutions (3)-(10).



4
Note that, when k — 1, we obtain [u;4(x,1),
Uy 19(%, 1), ..., Uy 55(x, )], and when k — 0, we obtain for
a> (5/6)b
1
Uz (60) = — >
. (14)
+ Lcsch <; (x - 51‘))
2 \V2+v6a - 5b 6
fora < (5/6)b
1
Uszzy (%,1) = — 5
+ Lcsc (; (x - El‘)) "
2 \V2vV-6a + 5b 6 .

Using (7), the solution of (8) when p = —(K* + 1), q=
2k?, and r = 1, and the sets of solutions (3)-(10), we get
Uss 36, 42(%: 1) = ag + a,cd & + bydc &, where ay, a; and by are
defined in the sets of solutions (3)-(10).

Note that, when k — 1 we obtain constant solutions,
when k — 0 we obtain, [u; 4(x,t) and us 4(x, t)].

Using (7), the solution of (8) when p = —(k* + 1), q=
2, and r = k2, and the sets of solutions (3)-(10), we get
Ugs a4, 50(X: 1) = ay + ans& + bysné&, where ay, a;, and b,
are defined in the sets of solutions (3)-(10).

Note that, when k — 1, we obtain, [u;4(x,1),
Ug 19(%,£)s .. .5 Uy 2o(x, )], when kK — 0, we obtain
(1131 35 (%, 1) and 1y 5, (x, 1)].

Using (7), the solution of (8) when p = —( + 1), q=
2, and r = k2, and the sets of solutions (3)-(10), we get
Usy 5y, 57(%: 1) = ag + a;dc& + bycd &, where ay, a;, and b,
are defined in the sets of solutions (3)-(10).

Note that, when k — 1, we obtain constant solution, and
when k — 0, we obtain [u; 4(x, ) and us¢(x, t)].

Using (7), the solution of (8) when p = 2k -1, q =
—2k% and r = 1 - k%, and the sets of solutions (3)-(10), we get
Usg so..65(%: 1) = ag +a;cn & + bync &, where ay, a;, and b; are
defined in the sets of solutions (3)-(10).

Note that, when kK — 1, we obtain [u;,(x,t) and
us6(x,t)], when k — 0, we obtain [u; 4(x,t) and us¢(x, 1)].

Using (7), the solution of (8) when p = 267 — 1, q =
2(1 - k?), and r = —k?, and the sets of solutions (3)-(10), we
get Ugs 67, 73(X,t) = ay +aync& +bycn &, where ay, a;,and b,
are defined in the sets of solutions (3)-(10).

Note that, when k — 1, we obtain [u;,(x,t) and
us6(x,t)], and when k' — 0, we obtain [u;,(x,t) and
us 6(x, 1)].

Using (7), the solution of (8) when p = 2 — kz,q = -2,
and r = —(1 — k%), and the sets of solutions (3)-(10), we get
Uy zs,. 81(%:t) = ag +a,dn& + bynd &, where ay, a;, and b, are
defined in the sets of solutions (3)-(10).

Note that, when k — 1, we obtain [u;,(x,t) and
us6(x,t)], and when k — 0, we obtain constant solutions.

Using (7), the solution of (8) when p = 2 - k% g =
2(k* = 1), and r = —1, and the sets of solutions (3)-(10), we
get Ugy g3 go(%,t) = ay + aynd & + bydn&, where ay, a;, and
b, are defined in the sets of solutions (3)-(10).
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Note that, when k — 1, we obtain [u;4(x,t) and
us6(x,t)], and when k — 0, we obtain constant solutions.

Using (7), the solution of (8) when p = 2 - K, q=2
and r = 1 — k%, and the sets of solutions (3)-(10), we get
Uggor,..97(%:t) = ag + a;cs & + bysc &, where ay, a;, and b are
defined in the sets of solutions (3)-(10).

Note that, when k — 1, we obtain [u3;;,(x,t) and
U3334(x, )], when k — 0, we obtain [u, 4(x, t), ug 1o(x, 1), ..,
Uy 55 (%, 1)].

Using (7), the solution of (8) when p = 2 - k% q =
2(1 — k?), and r = 1, and the sets of solutions (3)-(10), we
get Ugg g9 105(%,t) = ay +ay;sc& +bycs &, where ay, a;,and b,
are defined in the sets of solutions (3)-(10).

Note that, when k — 1, we obtain [u3;;,(x,t) and
U3334(x, )], when k — 0, we obtain [u, 4(x, t), ug 1o(x, 1), .. .,
Up122(%, £)].

Using (7), the solution of (8), when p = -1 + 2k2, q=2,
and r = —k*(1 — k?), and the sets of solutions (3)-(10), we get
are defined in the sets of solutions (3)-(10).

Note that, when k — 1, we obtain [u3;;,(x,t) and
U3334(x,t)], and when k — 0, we obtain also [u3) 5,(x,t)
and uy; 3,(x, 1)].

Using (7), the solution of (8), when p = -1 + 2k, q =
2Kk3(k* = 1), and r = 1, and the sets of solutions (3)-(10), we
get U115, 101 (%, 1) = g + a;sd & + b ds &, where a, a;, and
b, are defined in the sets of solutions (3)-(10).

Note that, when k — 1, we obtain [u3;;,(x,t) and
U3334(x, )], and when k — 0, we obtain also [u3, 3,(x,t) and
Uz 34(%, 1)].

Using (7), the solution of (8) when p = (1+k2)/2, q=(1-
k%)/2,and r = (1-k*)/4, and the sets of solutions (3)-(10), we
where aj, ’a’l, and b, are defined in the sets of solutions (3)-
(10).

Note that, when k — 1, we obtain constant solutions,
and when k  — 0, we obtain [u,g4(x,t), ugo(x,1),...,
Uy 55(x,1)], and for a > (5/6)b

30,131 (X, 1)

i
+ —

2
)

g -2)

Uizz133 (X, 1)

(g o)

e g 2)
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U34,135 (%)
5 ))
t

1 1
=-(-1+ix{tan —(x——
2( ( <V6a—5b 6

+ sec <; (x - Et>>>_1) >
\6a — 5b 6
Uy36,137 (% 1)

:%<_l_ix<tan< 6al—5b<x_§t)>
isec( 6a1— 5 (+- gt>>>l>

Uy3g,139 (%, 1)

e (s (80)

+ sech(L ! (x - §t>>_1
V2 V6a - 5b 6 ’

Urgo,141 (%)

< 1 1 5 )
nh| — (x— —t>
2 \V6a - 5b 6

(= e)

1
+ —x itanh(— X
2V2 ( V2 V6a - 5b

()

Ui 143 (%)

—
|
|

SN
222
<ltanh<\2®<x__t>>
+sech<%\/6alf5b<x——t>>>

Uyggas (%, 1)
1 1
i
22

(ztanh<\/_\/6a1_5( 2

SeCh<\/_\/6al—5<

1
+ —— x [ itanh (—
22 ( V2 \6a - 5b
1
+sech| —
V2
Uy46,147 (X, 1)
1 i

= —— 4+ -
2 4

)

S
(o))
‘TH
Ul
Syl

)

(i m= o)

s g 2)

1 1 (
F sec
( 2 \/6a - 5b
Uy48,149 (X, 1)

1

L
2 4

St)>

1 1 <
X | tan| — X — =
( (2\/661—5 6

6

e (im( ‘2)))

(s ()

1 1 (
F sec
(2 V6a — 5b

Fora < (5/6)b

Uys0,151 (%)

6

-3))))

)

(16)



6

Usyis3 (%)

1 1
— -3+ tanh
2 2

F isec:h (
2

Uysass (%)

1

V—6a + 5b

1 ( 5
V—6a + 5b 6

- % <—1 +1x (tanh(\/ﬁ (x— gt>>

Uyse,157 (% 1)

1
:—<—1—1
2

 (tant

+isech <

Uyss,159 (%)

iisech(

1

1 < 5
x— =t
\V—6a + 5b 6

1
V—6a + 5b

—
x

V=6a + 5b

(x-

))
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U1 (%1)

S )

(el

wu
~——

SN—

N~—

(sl

-2

+ —

(o)}
~——

2\2 V2 \/—6a +5b
+sec(L ! (x—§t>>>_1,
V2 V=6a + 5b 6
U163 (% 1)
11
2 22

(oG vmmrs (- 20)
-(x-31)))

3 (o (s ()
5
6

1
+sec(
\/_\/ 6a + 5b

1 1 -1
”“(fm( t>>>
Ujgq (X, 1)
11
T2 22
1

(oG (- 00)
(+-3)))

(o (v (60)

N————

1 1
+seC| ———
(x/’ 2 V=6a + 5b

——><

242

(e 2)

Ugs (. 1)
_ 1ot
2 22
* <tan <% \/—6; + 5 (x- %))
1 1 5
‘S“(fm< g >>

‘ﬁ ( (wm<

=21)

el Gy (- 3))



Journal of Applied Mathematics 7

Use6,167 (%) Uiga1ss (% 1)

1 1 1 1 5
=5t - lisech<—<x——t>>>
2 4 __1_2< \V—-6a + 5b 6

<tanh< ! ( Et)) 2 tanh <—1 <x - §1‘)) )
2V-6a+5b\ 6 V=6a+t5h\ 6
1 5
h _( —t))) u x,t
+isec (2 —— c 186,187 (%)
1 1 5 1 1 1 5
1 tanh < —t>> —<tanh<——<x——t
' x( <an (2\/—6a+5 6 __1. 4 2 \/—6a + 5b 6
-1 2 1 + sech <1—1 (x - §t>>
iisech<1;<x—§t)>>> , N 2 \/-6a + 5b 6
2 \/—6a + 5b 6
(x,1) 1<1+sech<1 ! <x 5t)>>
Uyes,169 (X5 (1« I
N 4 2 \/—6a + 5b 6 )
S tanh(1 ! < Et))
2 4 2 \/=6a + 5b 6
1 1 5
X tanh(——(x——t)) u (x,1)
(1o (3 7y (- 159
1 1 1 5
1 5 Mann (L (-3
(st ) (o )
Hisee (2 6aisb\ 6 -1 4 2 V-6a +5b 6

(s (2 (- 20) T (s ()

(2 e (i (3)

2 +/—6a +5b 1 5 ’
tanh ( < —t))
(17) 2V6a+5b\ 6
Using (7), the solution of (8) when p = (K* - 2)/2, q=

k*/2,and r = 1/4, and the sets of solutions (3)-(10), we g0 (1)
get tyzg171,.177(%: 1) = ag + a;(sn&/(1 + dn&)) + b ((1 £ ] I ! s
dné)/sn&), where a,,a;, and b, are defined in the sets of <tanh<—— (x— —t)))
solutions (3)-(10). _ 1 N 4 2 +/—6a + 5b 6
Note that, when k — 1, we obtain for a < (5/6)b 2 sech <l 1 (x _ §t)>
Uy78,179 (X, ) 2 \/-6a + 5b 6
1 1 1 5
1 1 > —|l+sech| -———=(x—- -t
—tanh(—(x——t)) 4( <2\/ﬁ< 6 )))
1 2 V—6a 1 5b 6 _ —6a+5
T2 ' a1+ 5\Y tanh ( ! ! < §t)) ’
1iSCCh<_—m<x—gt>> Zm 6
Uygo,181 (%) g1 (%, 1)
1 < 1 5 1 1 1 5
- tanh—(x——t)) —(t h(——( ——t)))
_ 1 2 V=6a + 5b 6 14 e E Vo
1 51) T2 11 5
11—sech<—(x——t>> 2 1 h<——( ——t))
V6a+sb\ 6 T Ve 6

Uigy,183 (%)

%<lisech< 1 ( ‘%))) Z<1_seCh<2\/ﬁ< _5>)>‘

+

L Vo6atsh\ 1 s,
2 tanh(\/ﬁ(ﬁ;)) ’ tanh<2 \/—6a+5 < 6 )> .



8 Journal of Applied Mathematics

Fora > (5/6)b Uygs (%, 1)
(x,1) = (tan (l—l (x - Et)))
Ujg,193 (X, a1 i4 Ve c
1 % an(—\/l ("‘%)) 2 1+sec( 1 ( _§t)>
=+ Sacsb S L, 26—\ 6
lisec<—<x——t)>
4 2 \6a - 5b 6
Ui94,105 (X, t) + I . z
1 1 ( 5 >> itan(——(x——t))
sltan ———{x-—t 2 \/6a - 5b 6

1 : (19)
lisec<\/ﬁ <x— %&))

When k — 0, we obtain [15, 5,(x, 1) and 155 54(x, 1)].
U196,197 (X, 1) ’ ’

Using (7), the solution of (8) when p = (k* +1)/2, q =

(12 (25 (-31)) 2 2 '
—|1lxsec| ———=(x—- -t (k* = 1)/2,and r = (1 — k°)/4, and the sets of solutions (3)-
- + 2 6a — 5b 6 , (10), we get Uyog07, 213(%1) = ag + a,(dn&/(1 £ ksng)) +
itan <; <x _ 51‘)) b ((1 + ksn&)/dn &), where ay, a,, and b, are defined in the
V6a — 5b 6 sets of solutions (3)—-(10).

Note that, when Kk — 1, we obtain constant solutions,

u X, t . .
198,199 (:7) and when k — 0, we obtain constant solutions.

1 <1 4 sec<; (x _ §t>>> Using (7), the solution2 of (8) when p = (K +1)/2, q=

- 12 V6a — 5b 6 , ~1/2, and r = —(1 — k%) /4, and the sets of solutions (3)-
2 itan<; <x— §l‘)) (10), we get ty1415, 201(X, 1) = ag + aj(ken& + dné&) +
V6a — 5b 6 b, /(kcn& +dné), where a,, a,,and b, are defined in the sets

of solutions (3)-(10).

Note that, when k — 1, we obtain [u;4(x,t) and
))) us4(x,t)] and when k — 0, we obtain constant solution.

Uzgo,001 (%)

1< (1 1 < 5
“(tan| = ——(x- =t
1 .4 2 \/6a —5b 6
5
6

=—-=+1 1 I Using (7), the solution of (8) when p = (k* +1)/2, q =
1+ sec< ( - t>> (1 -k%/2, and r = (1 — k*)/4, and the sets of solutions
2 V6a - 5b (3)-(10), we get 155 123 229(%, 1) = ay + a;(cn&/(1 + snd)) +
1 <1 N sec( 1 < B § ))) b, ((1 + sn&)/cnk), where ay, a,, and b, are defined in the sets
4 2 \/6(1 5h 6 ofsolutions (3)-(10).
1 Note that, when k — 1, we obtain constant solution, and
itan 2 m ( ) when k — 0, we obtain for a > (5/6)b
Uzn2,003 (% F)
1 (t ( 1 1 < 5t>)> Uys0,231 (%, 1)
—(tan| ———=(x—- =
__ 1 ;4 2 véa — 5b 6 < 1 < 5t))
= oocos| ——(x-=
2\/6a 5b 6 2 21+sin<;<x_§t)>,
l<1+sec( ! < —§>>) B V6a — 5b 6
4 2 \/6a 5b 6
- 1 5 U332,233 (%, 1)
¢ 3
l an(Z V6a — 5b ( 6 >> cos(—1 <x—§t>)
thzos (%) 1 Vea—5b\ 6
2 2 1 5 ’
(i (2 mm(_(x__t))
__1+l.4<tan<2 \6a - 5b <x 6t>>> Véa - 5b 6
2 11 ( 5 >> u (x,1)
1 — sec — -t 234,235 >
<2 V6a - 5b 6 ) 5
1 1 1 l+sin| ———=(x——t
—(1+sec < t))) 1 i = <\/ _ < 6))
_4< (2\/6a 5b :—5+% 6a = 5b

5
6 ,
ztan(z\/wl_s( §t>> ’ cos(ﬁ(x—%t))
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Upse237 (X5 1)

lisin<ﬁ (x— §t>)

(=)

N | —
PO | =

Uyzg230 (%, 1)

RS corh (a—; (+ 21))

2 Zﬁliisinh<m(x_ §t>>

1iisinh<m<x_gt>>’
" o g (- 30)

Ung0241 (%:1)

1 (G d)
2 zﬁliisinh<m<x_gt>>
__1iisinh<m(x_gt>>’
" o (- 20)

Uy 243 (%)

o g (- 2))

. 1

1+51nh(m<x_gt)>

(s )

" eon( G (- 20)

Ungq,245 (%5 1)

o =g (- )

s (e (v 1))

+

N | —
=

+

N | —
S| =
-

+

2

6

i+ sinh<; <x— §t>>
V2+v6a - 5b 6

o (s (- 2)

I

(20)

Fora < (5/6)b

Upae247 (%, 1)

o g --5)

1 5 >
iisinh<— (x— —t>>
V—6a + 5b 6

+

N | —

1
2

Upag 249 (%, 1)

N | —

cosh (- (<~ 1))
)

5 bl
zismh(—(x__t >
V—6a + 5b 6

Uys0,251 (%, 1)

1 5
zismh< (x——t >
+ V—6a + 5b 6

)
corh (= (- 21)) |

N | —
N | —

Uysp253 (%, 1)

1 5
iisinh(— (x— —t))
V—6a + 5b 6

1 5 >
cosh| —— (x - —t))
< V—6a + 5b 6

N | —
N | —

Uysynss (%, 1)

1 C°S<ﬁ(x—§f))

+ —
2\/2 COS(

2 2\/zlisin<\/_\/_;17+5<

)

5
s

5
(+-5)

)

lisin<—
wm

e

Uysens7 (%, 1)

S - ———

1 ( 5 ))
cos| —— (x - =t
11 <\/§\/—6a+5b 6
2 2vzlisin(

Fre= )

lisin<ﬁ( —§t>

56
\/_m 6t>>

Uysg 259 (%, 1)

N | —

R

<wm X gt >

lisin<ﬁ< _ t)>

a
)

+

i
4

1+sm<—
\/—V—6a+5
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Ure0,261 (%> 1)

cos<m <x— gt))

1
P (e (- 31))
+£1$sin<—\/§\/ﬁ (x— gt))
4 1 5 ’
C°S<m<x‘at>>

(21)

Using (7), the solution of (8) when p = (1 — 2k%)/2, q=
1/2,and r = k*/4, and the sets of solutions (3)-(10), we get
Une,263,.200(%: 1) = ag + ay(ksn& +idné) + by(1/(ksn& +
idn)), where a,, a,, and b, are defined in the sets of solutions
(3)-(10).

Note that, when kK  — 1, we obtain [u3,3,(x,1),
U135133(%, 1), . . ., Uig 160(%, £)], and when k. — 0, we obtain
constant solutions.

Using (7), the solution of (8) when p = (K* - 2)/2, q=
K*/2,and r = K* /4 and the sets of solutions (3)-(10), we get

.....

icn E )), where a,, a,, and b, are deﬁned in the sets of solut1ons
(3)-(10).

Note that, when kK  — 1, we obtain [u3,3,(x,1),
Uy35133(%: 1), .. .5 Uyeg 160 (%, £)], and when k- — 0, we obtain
constant solutions.

Using (7), the solution of (8) when p = (k* - 2)/2, q=
1/2, and r = k /4, and the sets of solutions (3)-(10), we get
where ag, a,, and b, are defined in the sets of solutions (3)-
(10).

Note that, when k — 1, we obtain [u;4(x,1),
Ug 10(X5 1), ..., Uy 55 (%, 1)], and for a < (5/6)b

Usg6,287 (X, 1)

1 1
= —— 4 -
2 2
X <coth<; (x - Et>>
\V—6a + 5b 6
+csch<;(x— Et>>>
- V—6a + 5b 6 '
Usgs280 (X, )
_ 11
2 2
X <c0th(; (x— 5t>)
\V—6a + 5b 6
+csch< ! ( - t>>>
\—6a + 5b 6 ’
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Uzg0,201 (%, 1)

1
== +1
2
1 5
x |2 coth(— (x - —t>>
( < V—6a + 5b 6
-1
icsch(; (x - Et)))) ,
V—6a + 5b 6
Uy92,293 (X, 1)
1
=—--1
2

X (2 <coth<ﬁ (x - §t>>
5
6

1
+csch <— <x -
V—6a + 5b

U94,295 (X, F)

1 1

= —— 4 -

2 4

g

1 5

X coth(— (x
( 2vV—6a + 5b 6
icsch(

1
2V—-6a + 5b )
5
+1x(4 coth(—( -
< ( 2vV—6a + 5b 6

+ csch <

)
)

U96,297 (X, 1)

1 1

2 4

(oo (s (=20)
icsch(z\/ﬁ (x— §t>)>
e (a{emn (o (5 20)

1 5
icsch(— <x— -
2V—6a + 5b 6

U598,299 (X, 1)

1 V2

2 4

(o (s ()
(s ()

(4 (= (8)

)

(- 2))

)

——
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Uzg0,301 (X%, 1)

1 V2

2 4

(e (mrm (- ¢)
(v ()

(el (G e

ool G (- 29)))

Uz02,303 (%5 1)

1 V2

2 4

(o e (- 2)
rese( e ()

V(oo (g (e

ool s (- 2))))

U304,305 (X5 1)

1 V2

2 4
(o e (- 2)
soe e (- ¢))

1 5
- V2x <4<cot(—\/§m <x— gl‘))
1 5 B
icsc<m (x - gt)))) .
(22)
Fora > (5/6)b
U306,307 (X5 1)
1 i

= —— 4 -
2 2

X (cot( >
\6a — 5b

5

6

(«—A ))

1

U308,300 (X, 1)
1 i

2 2
x(cot( >
V6a - 5b
o,
6

(«—( ))

Uz10,311 (X, 1)

I .
=—=+i
2

(o)

(g 2)

Usip313 (% 1)

Uzya315 (X, 1)

1 i
= —— 4 -
2 4

(o= ()

icsc(zvﬁ@‘gt)))
‘ix<4<°°t<zvﬁ<x‘8t)>
5
"6

+csc ( (
2V6a — 5b
Uz16,317 (X, 1)
R
2 4
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Uz1g319 (X, 1)

1 2i

2 4

X (coth(ﬁ (x— §t>>
St =)

- \/Eix<4<coth<\/_m (x
icsch( \/_m (x

Uzp0,321 (X, 1)

1 N2

T2 4

G E=1)

ot G (4)))

+V2i x <4 (coth(mﬁ (x - §t>>

(gt e 2)

Uz 323 (X, 1)

1 V2i

T2 4

(o (Gvaem (- 0)

icsch(ﬁ (x - §t>>>

~V2ix (4 <c0th<m (x - §t>>

oo (- 2))))

Uzpq.325 (X, 1)

1 v
2 4
(o (g e 2)
S )

+V2ix (4 <c0th<m (x - §t>>

o g e 2))

(23)

When k — 0, we obtain [u3 3,(x,t) and w33 3,(x, 1)].

Journal of Applied Mathematics

Using (7), the solution of (8) when p = (1 - 2k%)/2, q=
1/2,and r = 1/4 and the sets of solutions (3)-(10), we get

,,,,,

where ay, a,, and b, are defined in the sets of solutions (3)—
(10).
Note that, when k — 1, we obtain [u,4(x,1t),

Uy 10(%,1)s . . - Uy 25 (X, 1)] and [ty 557 (%, 1), Uygg 299 (X5 1), - -
Uzp435(x,1)], and when k' — 0, we obtain [u,4(x,1),

Uy 10(%,£)s . . - Uy 25 (X, B)] and [tyg4 297 (X, 1), Uygg 299 (X5 1), - - o,
Uspa305(%6 )]

Using (7), the solution of (8) when p = (1 - 2k%)/2, q=
1/2, and r = 1/4, and the sets of solutions (3)-(10), we
get Uz 335, 341 (% 1) = ag + a;(en&/(V1 —k*sn& + dn¥)) +
b (V1 — k?sn& £ dn&)/cn &), where ay, a,, and b; are defined
in the sets of solutions (3)-(10).

Note that, when k — 1 we obtain constant solutions,
when k' — 0 we obtain [u,3) 53, (X, 1), Uy3533(%,£)s ..
Usg0,261 (% £)].

Using (7), the solution of (8) when p = (1 + /2, q=
(1- k2)2/2 andr = 1/4 and the sets of solutions (3)-(10), we

,,,,

dn f)/sn o), where ay, a,, and b, are deﬁned in the sets of
solutions (3)—(10).

Note that, when k — 1, we get [u3 3,(x,t) and
U3334(x,t)], and when k — 0, we obtain for a > (5/6)b

Uss0,351 (%)

i
+_
2

Y-

sin(\/ﬁ (x - Zt))

(=)=

Ussy 353 (%)

11
)
sin<;<x—§t)>
\V6a — 5b 6
(- 2))=1 )
cos| ——=(x—-—-t) )1
( 6a — 5b 6
Uss4355 (%, )
1 i
= —— 4 —
2 2
cos(;<x—§t>>+1
\V6a - 5b 6 B

ol g 2)
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36357 (%:1) Usea,365 (X5 1)
1 1 1
T2 2 2 242
1 5
! > cosh(—(x__t)>_1
COS( 6a_5b <x_3t>>i1 y \2\/6a — 5b 6
’ i ! > , sinh(;(x_ §t>>
Sm( 6a -5 (+- 6t>> Vivea—sb\ 6
inh 1 5
Uzsg 359 (X 1) sin WA (x - gt>
+
1 5
Lyl C03h<—<x——t)>+1
" 27 Vivea-5\" 6
Use6,367 (% 1)
gl -
V2+/6a - 5b 6/) -
1 5 2 2\2
Sinh<—<x—_t>>
V2+v6a - 5b 6
sinh(—1 <x 5t>> h( 1 < 5
Y, "6 sin —_— [ x — _t>>
+ V2vea-5 ) 6 , V2Vea—-5b\ 6

cosh(ﬁ(x—%t))il sinh<m<x‘gt>>
+

Uzg0,361 (%> 1) cosh(ﬁ 61(1_517 <x—gt)>—1
1 1
T2 242 Useg 369 (X5 1)
1 1
1 5 -
- _ - 2
(:osh<\/2 — (x 6t)>il 242 1 5
. 1 5 h(— 5 >_1
smh(\/f\/6a—5b<x_gt>) « - ﬁ\/6a1—5b<x 6t5)
h 5
Sinh<;<x—§t)> o (x/ix/sa—5b<x 6t>>
V2+V6a — 5b 6 . ( 5)
1 5 ’ sinh(— X — —t >
o 7 (+-51)) ' ﬁ{éﬁb( 56)
cosh<— x— =t )+1
Uzea,363 (%5 1) V2+/6a - 5b 6
1 1 Uzz0,371 (%)
__E+ﬁ :_l+£
2 4
U (s 1 .
COSh<\/§\/6a—5b <x 6t)>+1 COS(2 e (x—gt>>il
sinh(;<x—§t)> X . 1 5
Vavea-sp\ 6 Sm(Z\/6a ~5b <x ) 3t)>
inh( L 5 . 1 5
. smh(\/E T <x—gt)> . 51n<2 ——s7 (x—gt>>

cosh<—<x——t )—1 cos( <X——t>)il
ﬁV6a—5b 6 24/6a_5b 6
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Uszp 373 (%)

cos(z\/ﬁ <x— §t>> +1
sin(wﬁ (x - §t>>

sin(wﬁ@_gt))
cos<2\/ﬁ (x— gt)) +1

Fora < (5/6)b

Usz4375 (%, 1)

sinh(\/ﬁ <x - gt))

+1

= —)

Uszs377 (%, )

sinh(\/ﬁ <x - %))

)=

1 5
cosh (— (x - —t)
\V—6a + 5b 6

Uszs.379 (%, 1)

1 5
cosh | ——— (x— —t)) +1
(V—6a+5b 6

1 5 ’
s (- 50)
\V—6a + 5b 6
Usgo381 (% 1)
B 1

)

N | =

1 5
cosh(— (x— —t)) +1
\V—6a + 5b 6

sinh(\/ﬁ <x - §t>>
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Uszgy 383 (%, 1)

1

+_
22

+1

cos(ﬁ (x - gt))

)

n( vz ()

+1

cos<m <x - §t>>

Usgy 385 (%, 1)

1
22

cos(ﬁ (x— §t>> +1

(v (7 6)

n( vz ()

>

cos(m (x - §t>> +1

Usge 387 (%, 1)

1

+_
22

cos(ﬁ (x— §t>> +1

o )

(s ()

>

cos(ﬁ <x - gt)) -1

Usgg 389 (X, 1)

1

+_
242

cos(ﬁ (x— gt)) -1

B E———)

)

+1

)
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Usg0,301 (X 1) Using (7), the solution of (8) when p = (k* - 2)/2, q =

1 1 k*/2, and r = 1/4, and the sets of solutions (3)-(10), we
=—=-—= get Usogs00 aos(:t) = dy + a(end/(VI-K + dng)) +
b (V1 —k? £ dn&)/cn &), where a,, a;, and b; are defined in
the sets of solutions (3)-(10).

1 5
cos( \2V=6a + 5b <x B gt>) +1 Note that, when k — 1, we get constant solutions, and
when k — 0, we obtain, [u, ,(x,t) and us 4(x, )].

)

4. Conclusion

. 1 5
s < \2V=6a + 5b (x B gt>> In this paper, the mapping method has been successfully
( 1 ( 5 >> | > implemented to find new traveling wave solutions for our
COS| ——F———=|X——t] |~ new proposed equation, namely, a combined Padé-II and
V2V=6a +5b 6 modilf)iedpPadé-H(}equation. The rZsults show that this method
Usgr 303 (%, 1) is a powerful mathematical tool for obtaining exact solutions
for our equation. It is also a promising method to solve other
1 b nonlinear partial differential equations.
2 242
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