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Abstract: In this paper, we present a new model of a combined Zakharov Kuznetsov -Equal
Width (ZK-EW) equation and Zakharov Kuznetsov- modified Equal Width (ZK-mEW)
equation, we apply the mapping method to solve the new models. Exact travelling wave
solutions are obtained and expressed in terms of hyperbolic functions, trigonometric functions
and rational functions.
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1. Introduction: In recent years, quite a few methods for obtaining explicit traveling and solitary
wave solutions of nonlinear evolution equations have been proposed. 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.

A variety of useful methods, Example of the methods that have been used so far are:

The Extended Hyperbolic function method [1], the First Integral method [2,4,16], the Sine-
cosine method [3,20],the Algebraic method [5], an improve F-expansion method [6], variational
relatively method [7], tanh-coth method [8], Jacobi elliptic function expansion method [9], the
mapping method [10], the generalized Riccati equation mapping method [11], simplest equation

method [12], the (g—;)-Expansion method [13], tan-cot method [14], hirota biliner

transformation[15], backlund transformation method [17], the inverse scattering transformation
[17,18,22], the adomian decomposition method [21], the extended fan sub-equation method [23],
a generalized extended F-expansion, an-satz method [24], homogeneous balance method,
darboux transformation method, lie symme-try method, and many other, have been proposed to
obtain exact solutions. With the availability of symbolic computation packages like Maple or
Mathematica, the search for obtaining exact solutions of nonlinear partial differential equations
(PDEs) has become more and more stimulating for mathematicians and scientists. Having exact
solutions of nonlinear PDEs makes it possible to study nonlinear physical phenomena thoroughly
and facilitates testing the numerical solvers as well as aiding the stability analysis of solutions.

In Sec. 3 of this paper, we use the mapping method [10] to find some new solutions of the c(ZK-
EW and ZK-m EW) equation [25],[26].

2. Description the mapping method: This method was firstly proposed by peng [12], in 2003 as
follows, for a given nonlinear partial differential equation, say, in two variables, Consider the
general nonlinear partial differential equations (PDEs), say, in two variables,

P (U, Uy, Up, User) Uy o) =0 . (D

Will be simply reviewed as follows:
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Step 1: Use the wave variable & = A(x — ct) to change the nPDE in to nODE:
Q(u,u’,u",..)=0 . (2)

Where Q is a polynomial of u(¢) and its total derivatives u'(¢),u"" (¢), , ...
Step 2: We suppose that the solution of Eq. (2) has the form

u(x, ) =u(® = ) a(f(), ®3)

where the coefficilér?ts a;(i =0,1,2,...), are constants to be determined and f = f(§) satisfies
a nonlinear ordinary differential equation
i prz(f) b2 a4 (1)
3 2
where g ,p,r are constants to be determined later.
In (2008), A. Elgarayhi in [23], used the same solution formula in Eq.(3), but f (&) satisfies
the auxiliary equation
LA pr2<f) PO SO+ L (42)
3 2 3
Step 3: We determine the positive integer = in Eq. (3) by balancing the highest-order
derivatives and the highest-order nonlinear terms in Eq. (2)
Step 4: Substituting Eqg. (3) along with Eq. (4) into Eqg. (2) and collecting all the coefficients of
fL(&) , then setting them to zero, yield a set of algebraic equations.
Step 5: Solving the algebraic equations in step 4, using the Maple to find
a;,q,p,randc
Step 6: The Eg. (4) has many solutions as described in the following:
1) f@) =sech(®),lp=1q=-2 1= 0],
2) f(§) =tanh(),[p=-2q= 2, r=1],
3) (& = %tanh(Zf) or %cot h(2&),[p=-8, q =32, r = 1],

4) f(é) = %tan(Zf) or %cot(ZE), [p =8, q=32 r= 1],
5 f@=sn@),[p=-m*+1), g=2m? r=1],

6) f(§)=ns(®),[p=-(m*+1), q=2, r=m?,

7) f) =cd(©),[p=-(m*+1), q=2m*r=1],

8) f()=dc(®),[p=-(Mm*+1), ¢=2, r=m?]

9) f(O) =cn(®),[p=2m?—-1, g=-2m? r=1- m?],
10)f(&) =nc(®),[p=2m* -1, q=2(1-m?), r = —m?],
1)@ =dn(@),[p=2-m? q=-2, r=—1-m?)],
12) f(&) =nd(§),[p=2-m? q=2(m*-1), r = —1],
13)f(&) =cs(@),[p=2-m? q=2, r=1- m?],

14) f(&) = sc(®),[p=2-m? q=2(1-m?), r=1],

15) f(§) = ds(§) ,[p = —1+2m?, q =2, r = —m*(1 — m?)],
16) f(&) = sd(&),[p = —142m?, q = 2m?(m? — 1), r = 1],

2 —m?2 _am2
17)£(§) = sc(§) £nc(@), [p =20, g =1, r =11,
_ sn(®) _ m?-2 _m? _1
18)f(5) = 1+dn(§) ’ P=—"H"a=75 r—4],
_dn(® _ m?+1 _m?-1 _1-m?
19)f(5) = 1imsn(f)’[ T I T T TETY ]’
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20)1(§) = m en(§) £ dn(§), [p = "

& +1 1- —-m?
2)f() = 0 [p =", g =1, r =1,

22)f(¢) = msn(é) i dn(é), [p _ 12m? , q= %, r = mTZ],
wﬂa=mm@iwmab= 2, g =" r=,
20)1(8) = ns(€) + ds(§), [p = ™ 2,q=§r=%%
25)1(§) = ns(§) + cs(§), [p = f?wﬁm=ﬂ
cn(§) _ 1-2m? _1 1

26)1(8) = Vi- mzsn(§)+dn(§’)"[p =T 4= " _Z]'

_ s _m? (1-m?)® 1
1) = e P =T A= ,r—ﬂ

cn(§) _m*=2 _m* 1

28)10) = o ane ' P= 2 a=75 7=l

29)(§) = VmZ =1 sd(§) £ cd(§), [p =252, ¢ =2, r ="

2

30)f(¢§) =mcd(®) £ iVl —m?2nd(¢),,[p =

1-2m?

3@ = 5c(®) £ de(@),,[p =2, g =3, r =1,
R)IE) =msd(©) £nd(©)..[p =23 g == r =27,
31 = ds(O) £ es(@), , [p="22, =2, r =3,

34)1(8) = cd(®) £ VI—mZnc(®),,[p="22, g =3, r="]

35)f(¢) = %‘g)@,[pz 2—4m? q=2, r=1],

36)f(§) = % J[p=2m?—4, q=2m* r=1],

37)F(E) = %g@,[p =2m?+2, q=2 r=1-2m?+mH,

38) f(a:A(1+s:?€()$))(i(§l)sn(é’)) - %’ - AZ(mzZ_l)2 ’ (m4 ;21) ] 0#AER
39) f(f):A(1+S:?;;)(?i(ri)5n(f)) [p 2’”3;;12’ AZ(m2+1) o T = (m +1) ] 0+A€ER
40) £(&) =%)(gf), p = 6m —m? —1,61—_?8 =-2m3+m*+m ]
41)f(f)=%)(gl_(?,[p=—6m—m2—1 q=%, r=2m3+m*+m ]
42)f(€)=% [p=2m?+2, q = —2(m? +2m + 1)B?, r =22
43) f (&) = B?;ls:nz((?;11 [ =2m?+2, q=-2(m*>-2m+ 1)B?, r = (27”%’”2“) ,

44)f(&) = /zmpsn< E),[r 2m’p” q>0,p<0],

(1+m?2)q (1+m2) (m2+1)2q’
D _ 2(1_m2)2p2
49) £ = [c2—dn( [2¢).[r =252 5> 0,4 < 0),
_ _Zm 14 D _ 2m2(m2_1)2p2
46) f(§) = (2m2-1)q cn( (2m2-1) 6)’ [r T @2m?-1)2q '’ q<0,p> 0]’

47)f(€)—T [p=0,q=cr=0],

2

18)f(&) =es,[p=19=0,r=0].
Step 7: Substituting the solutions of step 6, into Eq. (3) we have the exact solutions of Eqg. (1).
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3. New Traveling Waves Solutions for ¢c(ZK-EW and ZK-m EW) Equation:

We consider a combined Zarkharov—Kuznetsov Equal Width (ZK-EW) and Zarkharov—
Kuznetsov - modified Equal Width (ZK-m EW) equation as the form:

U + a(pW))y + (Buxe + Yer)x =0 ,u = ulx,t) ()

p(u) =u?+u® where a,pB,y are real numbers and donated by a combined (ZK-EW) and
(ZK-m EW) where

ur + a(uz)x + (Bt + YUxx)x = 0, (6)
Is Zarkharov—Kuznetsov Equal Width (ZK-EW) equation and
us + a(u3)x + (Bt + YUyx)x = 0, (7)

Is Zarkharov—Kuznetsov- modified Equal Width (ZK-mEW) equation [25].
Using the transformation u(x, t) = u(¢), & = A(x — ct) in Eq (1) from non(pde) to non (ode)
we get:

—cu' +a@d+ud) + 22 ((y —cpu") =0, (8)
and integration Eq. (4) we get;
—cu+a(®+u?) + A2y —cpu” =0, (9)

Balancing the highest order of the nonlinear term w3 with the highest order derivative u”, gives
3k =k+ 2 that gives k = 1.Now, we apply the mapping method to solve our equation.
Consequently, we get the original solutions for our new equation as the following:

Assume, the solution of Eq. (5) has the form

u(x,t) = u(é) = ag + a1 f (&) + b f (&), (10)

where a,, a; and b, are constants.

By substituting Eq. (10) in Eqg. (9) and using square Eq. (4.1) and its second derivative, the left
hand side is converted into polynomials in f(§) %, (—3 <i < 3) . Setting each coefficient of
these resulted polynomials to zero, we obtain a set of algebraic equations for a,, a,, b,,c and £ .
Solving the system of algebraic equations, with the help of algebraic software Maple, we obtain
1) ag=ay,a,=0,b; =0,1=21,c =aay?+ aay,,

2) a0=—§,a1=\/—7%%,b1=0,/1=i\/%, =—§a

3) aoz—g,alz— —%%,blzo,lzi%, cz—ga )
4) aoz—g,alzo,blz ———,/1=+/2aﬁp+9yp

5) a0=—§,a1=0,b1=— ———,A + ’2aﬁp+9yp

p(3J_ V2 +p)
6) 1 _ 3q\/ﬁ\/5+qp " pZ-isqr

Qg = —7-,41 = |—
0 3’71 9p2-162qr 3q\/—\/—+qp
" pZ1isqr

J(Zaﬁpz 36aBqr+9yp2-162yqr)(3vrqv2+p)a
2aBp?-36aBqr+9yp2—162yqr

A=

lC___a’

p(3J_ V2+p)
_3aVTqV2+qp _ 1 pZoigqr

7) a =—2,a,=—
0 3’1 9p2-162qr b 3q\/_\/_+qp
~ pZisqr

5 \/(Zaﬁpz -36aBqr+9yp2—162yqr)(3v7qV2+p)a

c= ——a
2afp2-36aBqr+9yp2-162yqr ! ’
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p(3/ravz-p)
_ 1 _ 3qyTqV2+qp 1 p2_1sqr
8) Q=73 M= |7 2 162qr ’bl_a ’
p a _3q,/rqV2+qp
p218qr
J—(Zaﬁpz—seaﬁqr+9yp2—162yqr)(3ﬂ\/§+p)a )
}{ = i , C=—=-a,

2afp?-36afqr+9yp?-162yqr 9

p(3/7av2-p)
1 3qyTqV2+qp 1 pZoisqr
9) a0=——, a1=— - . . blz__—
3 9p2-162qr 9
_3q,/rqV2+qp
p218qr

\/—(Zaﬁpz—36aﬁqr+9yp2—162yqr)(3\/rq«/§+p)a 2
, C= —;a .

A=

2app?-36aBqr+9yp2-162yqr
The above set of values yields the following exact solution ¢ (ZK-EW and ZK-m EW) equation.

Using Eq. (10), the solution of Eq. (4.1) when [p = 1, ¢ = —2, r = 0] and the sets of solutions
(1) -(9), we get:

. a
u (x,t) = agp, a, is constant, for 2Bty >0,
1 2 a
Uy 3(x,t) = — S -\/_ sech( fz oy (x+;at) ) , for 2aﬁ+9y< 0
1 1
Uys(x, t) = — S 1 3v2 sec( — /3 P~ (x+= at))

Using Eq. (10), the solution of Eq. (4.1) when [p = —2, q = 2, r = 1] and the sets of solutions

. a
(2)-(9), we get: for 2afioy :

1 2
Ug,(x,t) = — 3 + —tanh( ’2aﬁ+9y (x +;at))

1 2
ugo(x,t) = — s —coth( ’2aﬁ+9 (x + ;at))

a 2
Ujp11 (X, t) = —= + = tanh( /Zaﬁ+9y (x +-at ) —Coth (2( 2aBioy (x + gat)> ,

a

fOT 2aﬁ+9y
1 i
Upp13(x,t) = — Izt < ’2aﬁ+9y x+= at ) ,
i 2
Uig1s(nt) = — o & 3¢0 2aﬁ+9 x + ;at)
« 2 T a 2
Uye17(x, 1) = —= + - tan <2\/_ 2aBToy (x + ;at)) = coth (2\/‘ 2aBroy (x +;at)> .

Using Eq. (10), the solution of Eq. (4.1) when [p = 8, ¢ = 32, r = 1] and the sets of solutions

(2) -(9), we get [ ug7(x,t), ug o (x, t), ..., Us617(x, )] , for 2aﬁa+9y ,

1 \/_L a 2 V2i a 2
Uig1o(X, t) = —5 —tan h(z raBoy (x+;at)> +—c th( B0y (x+;at)>,
fOT' 2af+9y

N VISP S 2 vz a 2
uZO'ZI(x' t) T3 + 6 tan <2 2ap+9y (x +9at)> t C0t< 2aB+9y (x + 9at)) )

Using Eq.(10), the solution of Eq. (4.1) when [p = -8, ¢ =32, r = 1] and the sets of
solutions (2)- (9), we get [ ug 7 (x,t), ugo(x, t), ..., Uz 21 (x, t)].
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Using Eq. (10), the solution of Eq. (4.1) when [p = —(m? + 1), g = 2m?, r = 1] and the sets
of solutions (2) -(9), we get uy, 23 29(x,t) = ag + a;sn(€) + bins($).

Note that, when m — 1 we obtain [ ue,;(x,t), ugo(x,t), ..., u1617(x,t) ,whenm — 0

we obtain: for

2af+9y
u (x t)=—l+@ csch u (x+zat) for —— <0
30314 37 3 2ap+9y 9 ’ 2aB+9y
1 2 a 2
u32_33(x, t) =— 3 + = CSC( 2aptoy (x +;at) ) .

Using Eq. (10), the solution of Eq. (4.1) when [p = —(m? + 1), q = 2, r = m?] and the sets of
Note that, when m — 1 We obtain [ug,(x,t), uge(x,t), ..., uz921(x,t)], when m - 0 we
obtain: [ uszg31(x, t), and usz,33(x,t)].

Using Eg. (10), the solution of Eq. (4.1) when [p = —(m? + 1), q = 2m?, r = 1] and the sets
of solutions (2) -(9), we get uy, 43 49(x,t) = ag + aycd(§) + bydc(E).

Note that, when m — 1 we obtain constant solutions, when m — 0 we obtain

[uz3(x, t), and uys(x,t) 1.

Using Eq. (10), the solution of Eq. (4.1) when [p = —(m? + 1), q = 2, r = m?] and the sets of
Note that, when m —1 we obtain constant solution, when m — 0 we obtain
[uz3(x, t), and uys(x, £)].

Using Eq. (10), the solution of Eq. (4.1) when [p = 2m? — 1, ¢ = —2m?, r = 1 — m?] and the
sets of solutions (2) -(9), we get usgsg,. e5(x, t) = ag + a;cn(§) + bync(§).

Note that, when m —» 1 we obtain [u,3(x,t),and u,s(x,t) ], when m - 0 we obtain
[uz3(x, t), and uss(x,t) .

Using Eq. (10), the solution of Eq. (4.1) when [p = 2m? — 1, ¢ = 2(1 —m?), r = —m?] and
the sets of solutions (2) -(9), we get uge67,..73(x, t) = ag + a;nc(§) + byen(§).

Note that, when m — 1 we obtain [u,3(x,t),and u,s(x,t) ], when m — 0 we obtain
[uz3(x, t), and uys(x, t)].

Using Eq. (10), the solution of Eq. (4.1) when [p = 2 —m?, q = =2, r = —(1 — m?)] and the
sets of solutions (2) -(9), we get u4 75 g1(x,t) = ag + a;dn(§) + bynd(¢).

Note that, when m — 1 we obtain [u, 3(x,t),and u,s(x, t)], when m — 0 we obtain constant
solutions.

Using Eq. (10), the solution of Eq. (4.1) when [p = 2 —m?2, q = 2(m? — 1), r = —1] and the
sets of solutions (2) -(9), we get ugy ga,. go(x,t) = ag + a;nd () + bydn($).

Note that, when m — 1 we obtain [ u, 3(x, t),and uys(x,t) ], when m — 0 we obtain constant
solutions.

Using Eq. (10), the solution of Eq. (4.1) when [p = 2 —m?, q = 2, r = 1 — m?] and the sets of
solutions (2) -(9), we get ugg91...97(x,t) = ag + a;cs(€) + bysc(§)

Note that, when m — 1 we obtain [us;32(x,t), and uz334(x,t) ], when m — 0 we obtain
[ug7(x,t), ugo(x,t), ..., Uz 21 (x, )]

Using Eq. (10), the solution of Eq. (4.1) when [p = 2 —m?, q = 2(1 —m?), r = 1] and the
sets of solutions (2) -(9), we get ugg g . 105(X,t) = ag + aisc(§) + bycs(§).
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Note that, when m — 1 we obtain [uzq3,(x,t), and uzz34(x,t) ], when m — 0 we obtain
[ue,7(x,t), ugo(x,t), ..., Upp 21 (x, ) ].

Using Eg. (10), the solution of Eq. (4.1) when [p = —1 + 2m?, q =2, r = —m?(1 — m?)] and
the sets of solutions (2) -(9), we get w196 107,..113(X, t) = ag + a;ds(&) + bysd(£).

Note that, when m — 1 we obtain [uszg3,(x,t),and us334(x,t) ], when m - 0 we obtain
[ uz0,31(%, £), and uz;33(x, t) .

Using Eg. (10), the solution of Eq. (4.1) when [p = —1 + 2m?, q = 2m?(1 — m?), r = 1] and
the sets of solutions (2) -(9), we get uj14115,..121(x, t) = ag + a;5d(&) + bids($).

Note that, when m — 1 we obtain [uzg31(x,t), and us,33(x,t)], whenm — 0 we obtain
[ uz0,31(x, t), and us; 33(x,t) .

Using Eq. (10), the solution of Eq. (4.1) when [p =

1-m?

—m?2
m g = ,rzlm]andthesetsof
2 4

b
SO|U'[I0nS (2) '(9), we get u122'123'"_'129(x, t) = ao + al(SC(f) i nC(f)) + (scT—Lw({Q
Note that, when m — 1 we obtain constant solutions, when m — 0 we obtain for 2a/;x+9y >0,

2 2
u130'131(x, t) - + - tan <'\/_ 2a ﬁ+9 (X + gat)) + sec (\/_ 2 ﬂ+9 (x + ;at)) )

2 2
u132'133(x, t) - - = (tan 2a B+9 (X + gat)) + sec (\/_ 2 ﬂ+9 (x + ;at)) )

i

3( tan(+/2 2a[s’+9y (x+2 at)) + sec(f 2aB+9y (x+= at)))

i

3( tan 2aB+9y (x+= at)) + sec(\/— 2a5+9y (x+= at)))

1 2 2 2
Uysg139(X, t) = —g . (ltanh \/_ = ﬁ+9 (x +;at)> + sech (\/_ rap oy (x +;at))

_|_

Ujzq135 (X, t) = — =

)

U137 (X, 8) = — =

<l tanh(«/_ 2a[>’+9y x+§at)> sech<\/_ 2aﬁ+9y (x+§at)>>

1, V2 2 2
Uyg0,141 (%, 1) = 315 (l tanh \/_ Py ﬁ+9 (X + ;at)) + sech (\/_ 2aB oy (x +;at))
i

)

x+§at) sech(x/— 2aﬁ+9y (x+§at)>>

<l tanh(x/— 2a13+9y

+

2
142,143 G t) = _5 62 <l tanh \/— 2a/3+9 (x + %at)) + sech (\/— 2af+9y (x +;at))

sech(x/— 2aﬁ+9y (x+§at)>>

<l tanh<\/— 2a/3+9y x+ at
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oS

1
Uygq145(X, 1) = — 3t

i tanh <\/_ YT (x + %at)) + sech (\/— 2Bty (x +§at)>

oS

)

<l tanh(«/_ 2aB+9y (x+ at)) +sech<\/_ W(x+§at)>>

1 i 1 a 2 1 a 2
Ug6147(%, 1) = — Tzl tan <5 ’2aﬁ+9y (x + ;at)) T sec (\/_ 2Bty (x + ;at))

O |~

1 a 2 1 a 2
<tan<\/—7 —Zaﬁ+9y(x+5at)> + sec(—2 2a3+9y(x+§at)>>

1 i 1 a 2 1 a 2
u148’149(x' t) T3 6 tan (5 2aB+9y (x t S“t)> + sec (\/— 2aB+9y ( + ;at))

+

O |~

)

r
2aB+9y

,fo
(it o) o o)
_ 1 1 \/— a 2 i \/_ 2
) =~ a2 [ e ) o V2[5 4 3)).

Uss53(x, 1) = — é + gtanh (\/f “ (x + fat)) + Lsech <\/— 2aﬁ+9y (x + %at)) ’
5

2aB+9y

1

1
Usg 155 (X, t) = — 3t

(tanh( 2a5+9y (x+= at)) +i sech(x/— ml?—+9y (x+= at))) ’
1

1

Usses7 (X, 1) = — - )
’ 3

3<tanh(\/7 M—+9y(x+ at)) +isech(\/— Zaﬁ—+9y(x+ at)))

1 a 2 a 2
u158,159(x; t) = 3T % tan< 2Bty (x +;at)> + Sec< ’2a,8+9y (x + ;at))

+

=

(o)}

oS

)

(tan( m()ﬁ at)) c( W(’” at)))

. a 2 a 2
i tanh( /2aﬁ+9y (x + ;at)) + sech( ’2aﬁ+9y (x + ;at))
Q

(i tanh( /m (x+= at)) +sech( /m (x+= at)))
(,t) = —+2( ¢ — (x+2at) |+ — (x+2at)
tie2,163\ 1) = =5 o B0 gy X TS SeC\ zaproy X T4

> %

1
Uigo161(X, ) = — 5+

=

oS

(tan( m()ﬁ at)) +sec( m()ﬁ at))>‘
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__1_2 a 2 / a 2
164165 (x0) = 3 6 tan ( 2ap+9y (x + 9 at)) + sec ( 2af+9y (x + 9 at))
vz
+ a ,

(tan( 2aﬁ+9y (x+ at) + sec 2aﬁ+9y (x+= at)))

a 2 a 2
(tanh 2aﬁ+9y( X+ ;at)) + i sech <\F p” ﬁ+9y( X+ ;at))
+ )
<tanh<\/_ 2a,8+9y x+ at ) +i sech( 2a‘;:_gy(x+ at)))

a 2 a 2
Uiegr69(X,t) = —=—= tanh 2 B+9V( x + ;at)) + isech (\/_ 2aﬁ+9y( x + ;at))

Upp167(X, ) = —‘+

a 2 a 2
<tanh<\/_ Zaﬁ+9y(x+5at)> +i sech(\/_ 2aB+9y(x+5at)>)

Using Eg. (10), the solution of Eq. (4.1) when [p = , q= —Z, r= ﬂ and the sets of
solutions (2) -(9), we get uy79171...177(%,t) = ag + a; (;Zf()a) +b (%?g))
Note that, when m — 0 we obtain [uzq31(x, t), and usz, 33(x, t)], when m — 1 we obtain
a
fOT' 2aB+9y <0,
) —tanh(\/_ 2a‘m_w(x+gozt) )
Uizga79(x, 1) = — S + . ,
1+ sech(\/_ Zaﬁ+9y(x+5at) )
1 tanh(\/_ 2aﬁ,+9y(ac+zazt) )
Ugo 181 (X, 1) = — 37
1+ sech(\/_ 2aB+9y x+ at )
. §(1+ sech(\/_ 20{3+9y(x+ at) ))
Uign183(%X, 1) = — R
tanh(\/_ 2aﬁ+9y x+ a't )
. §<1+ sech(\/_ 2aﬁ+9y(x+ at) ))
Uggs15(X, 1) = — 37
tanh(\/_ 2aB+9y x+= at) )
L ltanh( \/1_ 2aﬁ+9y x+§at) ) %<1+ sech(\/_ Zal;+9y(x+§at) ))
Uge187 (X, 1) = — S + 2 = . )
1+ sech( Zaﬂ+9y(x+;at) ) tanh(\/_ W(Jﬁ;at) )
ol i) Y v secn(y o (ovter) )
Usgg189(%, 1) = — - — . = 2 )
1+ sech( 2aB+9y x+5at) ) tanh(\/_ W(Jﬁ;at) )
- . gtan( /ﬁ (x+§at) ) g(li sec( f_zaB“Jrgy_ (x+§at) ))
Uq90,191(X, t) = — -+ - )
3 1+ sec( ,Za’l;+9]/ (x+§at) ) tan( /2“[;+9y (x+§at) )

New traveling waves solutions for combined Zakharov Kuznetsov -Equal. .. Algufail & Mohammed
702



JEF/Journal of Education Faculties oo dmeler — By LK Y2

Volume18, Issue (2), 2024 p2024 «(2) 20l 18 A

IS

u (o, t) = — 1 tan(\/MIJrgy(x+gat) ) N §<1i sec(\/mﬁfIHy (x+§at) ))
192,193\, 1) = — 2 sec(JMI+%/(x+§at) ) tan(\/% (x+2at) ) )

for 2 >0,

2aB+9y

[
H+

v stV g (xedac) )
st = 4 )
2
= =)
. 2aB+oy \" "o
3(1+m(f B ) ))
ltan(‘r 2a6+9y("+§“t))
)

1
u (xt)=—=-—
e ’ ltan(\/_ 2aB+9y(x+§at)) '

) () = — 1 N Vzi tanh(\/%(x+§at) ) ~ %<1i sech(\/% (x+§at) ))
202,203\ N 3 isech(\[%(?ﬁgat) ) tanh(m (x+§at) ) ,

%tanh( /T‘:gy(x+;at) ) 2 (1"' S“h(xfmgﬁ(“%“t) ))

1
Ujgg199(X, ) = — 3 +

)

[

1
) t)=—-— + ;
Uz04,205 (%, 1) 3 44 sech( /ﬁ"_wy(x%at) ) tanh(\j% (x+2at) )
) iwm(zwmw@o»
Upoe207 (X, 1) = — §+ - = ; +
1+ sec<‘/_ 2aB+9y(x+9at) ) tan( 2aﬁ+9y x+ at )
bl b frpleriar)) el fmterie)))
Upog 200 (X, t) = — 3 = _ _

1+ sec(\r m()ﬁ%at) ) tan(\/» m()ﬁ%at) )

m2-1

—m?2
2 og= ,rzlm]andthesetsof
2 4

Using Eq. (10), the solution of Eq. (4.1) when [p =

dn(§) 1+ €3]
solutions (2) -(9), we get uz102111,.217(6,t) = ag + a4 (1i£5n(§)) + by (;nn—ig))
Note that, when m — 0 we obtain constant solution, also when m — 1 we obtain constant

solutions.

- —(1-m2)?
Using Eq. (10), the solution of Eq. (4.1) when [p = m22+1, q= 71 r= %] and the sets
of solutions (2) -(9), we get
b
Uz18,219,.225(%, t) = ag + a;(m cn(§) £ dn) + m-

Note that, when m —> 0 we obtain constant solution, when m — 1 we obtain
[uz3(x,t),and u,s(x,t)].

1-m? 1-m?
Using Eq. (10), the solution of Eq. (4.1) when [p = yq=—, T = ] and the sets of
solutions (2) ~(9), We get tzz6227,.233(%, £) = ag + a4 (;’f&,)) +b ( C:Zlg))
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Note that, when m — 1 we obtain constant solution, when m — 0, we obtain for 2B 1oy >0
) . 6) = — 1 N % cos (\/5 ml;+9y(x+§at) )

S Y s e
) (1.6 = — 1 %cos( 2 W’:gy(x%at) )
236,237 3 1+ sin(ﬁ ﬁ()ﬁ%at) ) '
- ) % (1i sin(\/i mﬁ%';y(x-'%at) ))
u x,t)=—-+ ,
238239 3 cos (‘/i Zag+9y(x+§at) )
- % <1i sin(\/f wg+9y(x+§at) ))
Uu x,t)=—-— ,
240,241 3 cos (ﬁ Za[:‘1+9y(x+§at) )
B L 1 O I G )
242,243 ) - — — )
3 1+ sin(\/—lE Zaﬁfgy(x+§at) ) cos (% ﬁ()ﬁéat) )
B e D e
244,245\ X%, L) = = = )
3 1+ Sin(iz Zaﬁif)y(x-'%at) ) cos (% Zaﬁif)y(x-'%at) )
Upae2a7(X, ) = — 1 + é “ (‘/% 2“’;9”(”%”) ) é <1$ sm(‘/_li ﬁ(ﬂgat) ))
' 3 1+ sin(i2 Za;zgy(x+§at) ) cos (% m;—zgy(aﬁgat) )

) (x t) 1 é cos (\% 2ag+9y(x+§“t) ) N é <1$ sin(\/% Za;igy(x+§at) ))
sAp st 3 axsin(L O (wilat) ) cos (L [ (evZar) )
. = . N ?2 cosh( zaﬁa+9y (x+§at) ) g <1¥isinh< ’720(;_'_9}/ (x+§a’t) ))
250,251 % 3 1+isinh( 2a1;1+9y (x+§at) ) cosh( ’Zal;+9y (x+§at) ) '
. (x t) 1 g cosh( zaﬁa+9y (x+§at) ) N g (1$isinh<"ﬁ(x+§at) ))

252,253 % 3 1iisinh( za[;x+9y (x+§at) ) cosh( /ﬁ (x+§at) ) ’
a
for 2afToy <0,
( t) 1 N % cosh (\/7 Za;+9y(x+§at) )
u x,t)=—z )
254,255 3 i+ smh(\/f Zag+9y(x+§at) )
) (x t) 1 % cosh (\/7 Za;+9y(x+§at) )
o ST o o))
( t) ~ . . % (ii sinh(\/f ﬁ/()ﬁgat) ))
u258'259 x, - ’ cosh (ﬁ zal?+9y(x+§at) ) '
( t) ~ . % (ii sinh(ﬁ M%gy(x+§at) ))
[ Y = e ) B
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u (x,t) = — =+ o 0sh(J5 [y (7+3at) ) B : (ﬁismh(\% zapror(F5) )>
262,263\ 3 1+i smh(\/_ za;+9y(x+§at) ) cosh (% Za;+9y(x+§at) ) ’
) 6) = — 1 i' cosh (\/1_ —Za;+9y(x+§at) ) N L <1iisinh(\/1_ 2a,8+9y x+ at )
264,265\ -
1+lSlTlh(\/_ —Za;+9y(x+§at) ) cosh (\/1_ 2a5+9y(x+ at) )
. (x t) _ 1 s i' cosh (\/1_ Za;+9y(x+§at) ) ~ é <1¢ismh<‘/_ 20!B+9y x+ at )
266,267 \*\» -
3 1+lSlTlh(\/_ Za;+9y(x+gat) ) cosh (\/_E 2al?+9y(x+ at) )
1 é cosh (% Za;+9y(x+§at) ) é <1$lsmh(‘/_ Zaﬁa+9y(x+§at) ))

2
1+i smh( x+5at) cosh( 2aﬁ+w(ac+ at) )

(x,1) 1 + - C“(W x+§at ) g <1¢ sm( ] B+9y X+§at >

u X, = — = B

270,271 3 (m x+3at ) COS(J;—+9V(X+§C”5) )

u (x,t) = — 1 cos (\/%(x+%at) ) s g <1$sin(\/%/ (X+§at) ))

272,273\ X%, 1) = |
3 1isin(\/% (x+3at) ) cos (\/%(JHEW) )

rmﬁ+9y(

oS

Using Eq. (10), the solution of Eq. (4.1) when [p _ 1mzm? , q= % = —] and the sets of
solutions (2) -(9), we get

. b
Uz74,275,..,281(%, 1) = ag + a;(m sn(§) £ i dn(E)) + (msn(f);idn(f)))'

Note that, when m — 0 we obtain constant solutions, when m — 1 we obtain

[U130,131(%, 1), Us32,133 (X, E), ..., Us6g 169 (X, )]

Using Eq. (10), the solution of Eg. (4.1) when [p = m2—2’ q = m; r= mTz] and the sets of
solutions (2) -(9), we get
. b
Uzg82,283,..280(X, £) = ag + a;(m sn(§) £ icn($)) + (msn(f)iicn(f)))'

Note that, when m — 0 we obtain constant solutions, when m — 1 we obtain
[U130,131 (%, ), Us32,133(X, 1), ..., Ugsg 169(X, E)].

Using Eg. (10), the solution of Eq. (4.1) when [p = —2, q= 1 = mTZ] and the sets of
_ by
solutions (2) -(9), we get uz90,201,..297(x, t) = ag + a;(ns(§) £ ds(f)) + (ns(g‘)ids(f)))'

Note that, when m — 0 we obtain [ [uzo31(x, t) and uz, 33(x, t)], when m — 1, we obtain
a
for 2B 1oy <0,

Upog,200(%, 1) = —-+— Coth<\/— p” B+9 (x+§at)>+csch (\/— 2a;;+9 (X+§at)) '

Uzp0301 (X, t) = — g - é (Coth (\/i

(x+-= at)) + csch (\/— (x+-= at)))

2a B+9 2a B+9

1
3

<coth<\/— 2aB+9y(x+§at)>+csch<\/_ mﬁ—+9y(x+§at)>>

)

1
Uzg2,303(X, 1) = — g"‘
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1
3

Uz04,305(X, 1) = — = )
(coth V2 2aB+9y (x+= at))+csch(\f m(}ﬁ at)))

1 2 a 2 a 2
Usge,307(X, 8) = — st | cot ( fzwwy (x +35 at)) + csc ( /2a[§'+9y (x +35 at))

vz

+ 6

(cot( ,—Za[;z+9y (x+§at)>icsc( —Zap(’l+9y (x+§at))>
—_1.2 f a 2 [« 2
U3gg,309(X, ) = 3 + . COt( T (X + 5 at)) T CSC( 2B 1oy (x + 5 at))

(cot( Zaﬁ,—+9y(x+ at))+csc( Zaﬁ‘—+9y(x+ at))>’

__1_2 a 2 / @ 2
U311 (%, 1) = 2 e COt( 2ap+oy (X + 5 at)) T CSC( 2Bty (x + 5 at))

<cot< J% (x+§at)>icsc(\[% (x+§at)>)
vz
U312,313 (x,t) = — % - ?2 C0t< /20[;:9]/ (x + gat)) + CSC( ’Zaﬁa+9y (X n gdt))

(o et

1,1 1 a 2 a 2
Usya315(x, 8) = — 313 coth (5 2apioy (x + ;at)) + csch (\f 2B 1oy ( + gat)>

S

O\ =

1 a 2 ’
(coth(ﬁ 2aftoy (x+3at)) csch(\/_ 2aB+9y (x+= at)))

1 1 a 2 o 2
Uzq6317 (X, t) = — 37 coth (\/_ YTV (x + gat)> + csch («F 2aBroy (x + gat)>

+

)

r
2af+9y

1
6 , fO
<coth<\/_ —Za;+9y(x+ at )1 \/% /Za;+9y(x+§at)>>
2 2
Uz1g310(%, £) = —‘+—<C0t \/— 2aﬁ+9y (x +;at)> + csc (\/— ” B+9y (x +;at)) )

COt \/— 2a /3+9 (x + gat)> tesc ( V2 2aﬁ+9 (x + Sat)) ’
3

3
<cot<\/_ Zaﬁ+9y(x+§at)>+csc<\/— 2a3+9y(x+§at)>)
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L
3

(cot(\/_ 2aB+9y (x+2 at)) (\/— 2algﬂy(x+ at))) ’

Uzp6327(X, ) = +Q coth( /2 B0y (x+ at)) icsch( /2 v (x+ at))

+

1
Uspg 325 (X, 1) = — 3

oS
<!

(coth( ’ﬁ (x+§at)

1
Uspg320(X, ) = — 3 +

N———

icsch( /ﬁ, (x+§at)>>
i a 2 a 2
coth( /2a3+9y (x + ;at)) + csch( /Zaﬁ+9y (x + 5 at))

(coth( 206‘8*_9}/(x+ at)) csch( 206[>’+9Y(x+ at))>’

__1_¥2i / a 2 / a 2
Usz0331 (X, t) = . - coth( raBoy (x + 5 at)) + csch( 2aBToy (x + 5 at))

5

o |

K

7Pl

+

VZi
— 6
<C0th<m (x+§“t)>16“h<\/% (x+§at)>>
Usza335(x,8) = — - + —| cot (} Za;gy (x + gm)) *t csc (} Zaﬁa+9y (x + gw))
1
6

a 2 - 1 a 2
(coth(\/_ 2a6+9y(x+3at)>+csch(\/—i Zaﬁ+9y(x+§at)>>

1 i 1 a 2 1 a 2

1
6

+ .
a 2 a 2
<C0t<‘/_ m(?ﬁ"gat))'{'CSC(‘/— W(X"';at)))

Using Eqg. (10), the solution of Eq. (4.1) when [p =

1-2m?

, q =%, rzﬂ and the sets of
b

(ns(§)x CS(E)))'

Note that, when m — 0 we obtain, [uz9g299(X,t) Uzgg301(X, 1), ..., Usz6337(X, t)] ,alsO when

m — 1 we obtain [u9g 299(x, t) U300,301(X, £), .-, Usz6,337(X, D)].

Using Eqg. (10), the solution of Eq. (4.1) when [p =
solutions (2) -(9), we get

solutions (2) -(9), we get uzzg3sg . 345(x,t) = ap + a;(ns(§) £ cs(§)) +

1-2m?

, q =1, r=l] and the sets of
2 4
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cn(§) Vi-m?2 sn(§)+ dn(§)
U346,347,..,353(%, 1) = ag + a4 (¢—5n(g)i dn(g)) by ( cn(¥) )-

1-m?

Note that, when m —1 we obtain constant solutions, when m — 0we obtain

[U234235(X, 1), Up36 237 (X, 1), ..o, U7z 273(x, E)].

_m2)?
Using Eq. (10), the solution of Eq. (4.1) when [p =L g = G = ﬂ and the sets of

2

. _ sn($) cn(§)+dn(§)
solutions (2) -(9), we get uzsy 355, 261(X, t) = ag + a4 (—m(aidn(a) +b (—Sn(a )
Note that, when m — 1 we obtain [uzg3; (x,t), and us;33(x,t)], when m — 0 we obtain
a
fOT' 2aB+9y >0,
1 Sm(‘/i za,g+9y (x+§at) )
Us62,363 (x’ t) T3 + 3 cos (\/— (x+—at) )+1 ’
2a[3+9y 9 -
) (x t) 1 sin(\/f m;gy (x+§at) )
,365 )] - -5 3 )]
364,36 3 3\ cos (\/_ 2aB+9y(x+9at) )il
. cos (\/5 2ap+oy (x+§at) )il
u (x,t) = — 24l ,
366,267 3 3 sin(\/i mgﬂy (x+§at) )
g 260 (6, 8) = — £ — L[ (V2 sy (450 )
e 50 sm(\/i Zal;’1+9y (x+§at) ) ‘
B 1 1 Lsin(% ﬁ(x+gat) ) 1 cos (\/» Zag+9y(x+§at) )il
Us70371 (X, 1) = —3ts T 2 +3 T P
cos (\/_ 2aB+9y(x+9at) )il LSlTL(‘/_ 2am_gy(x+9a't) )
u (x t) B 1 1 lSlTl(\/_ 2aﬁ’+9y (x+§at) ) 1 cos (\/_ Zag+9y(x+§at) )4_-1
372,373\ L) — T 0T % e ]
3 6\ cos (\f mﬁf+9y(x+§at) )il 6 i sm(\f mﬁf+9y(x+%at)
)

1 vz isinh( /ﬁ, (x+§at) ) 5 cosh( ,ﬁ(x+§at)
u374,375(x: t) = _§+? 2 2 +— L a 2
cosh( zzaﬁ—+9y (x+5a't) )i—l lSlTlh( M—+9y(x+§at

oy o 2y 22 [ () | (o (i) )

STOSTTR 3 6 cosh( /% (x+§at) )-T—l 6 isinh( ,%(x+%at) )
y (0 = 12 cosh( ,2a3+9y(x+ at) )il R cosh( Zaé+9y(x+§at) )il

378,379\ 3 6 isinh( }mmgy x+§at ) 6 isinh( ’m;;+9},(x+§at) ) ,

) cosh Zaﬁa+9y(x+zat) )?1

lsmh 2a/;+9y(x+§at) ) )

)
)
)

J
J

2

N Lsmh( 2aﬂ+9y x+9at

1
Usgo3g1 (X, 1) = — P
cosh( 2aB+9y x+ at

for —

2aB+9y

smh(\/_ x+2at )

2aﬂ+9y 9

2a/3+9y x+ at i

u x,t) = ——+-
382, 383( ) (cosh (\/_
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1 1
Usgy 3gs (X, T) = — 373

smh(\/_ 2aB+9y (x+§at) )
+

cosh (\f 2a[j,Jrgy(;vc+§a:t) )
)

cosh (\/E a (x+§at) )il
sinh(\/f a (x+
(

1 1
u386,287(x: t) =— 3 + S

a 2
) (x t) 11 cosh (ﬁ 2afioy x+§at) )il
388,289 \"*\» - T3 3 i
, 3 3 a 2
smh(\/f 2afToy (x+§at)
, 1 a 2 a 2
B 1 1 smh(—2 2aBtoy x+9at ) cosh (\/_ Zaﬁ+9y(x+§at) )il
Uz90,3091 (X, ) = —3ts = = 3 )
cosh (\f 2aﬁ,+gy(x+9at i smh(\r m(x+5at) )
a 2
B 1 1 smh(\/_ 2a/3+9y x+ Zat ) cosh (\/_ 2a/3—+9y(x+§at) )il
U392,303 (X, ) = 373 = 2 )
cosh (\/_ 2aB+9y (x+ at i smh(\/_ 2aﬁ+9y(x 5‘”

_ 1 \/2 Sln( ,205,8+9y x+ at)
Uzg4395(X, ) = -3t '—
COS( 20!B+9Y x+ at )

sm( 2aB+9y x+ at ) NG
t

))
)+1>’
1 Lsin(\/%(aﬁgat) )
cos (\/%()ﬁ%at) )il '
Lsin(m(x+gat) )

2
,q—m— rzﬂ and the sets of

) &) V1i-m? + dn(§)
solutions (2) -(9), we get uzgg 399, 405(x,t) = ap + a; (\/#i dn({)) + by ( cn(f) L ).

Note that, when m —1 we obtain constant solutions, when m — Owe obtain
[uz3(x,t) and (x, t) uys].
Using Eq. (10), the solution of Eq. (4.1) when [p ==
solutions (2) -(9), we get

Us06,407,..413 (%, 1) = ag + a,(Vm? — 1sd(§) £ cd(§)) + (

IS

1
u (xt) =—5—
396,397 (X, 36 COS(\/E (ee5ar) Jua | €

Using Eg. (10), the solution of Eq. (4.1) when [p =

) ﬁ ( cos ( esy (x+2a)

2_ 2 2
2 q=", r=m—] and the sets of
2 4

by
VmZ=1sd(§)+ cd(§))’

Note that, when m — 1 we obtain constant solutions, also when m — 0 we obtain constant
solutions.

Using Eg. (10), the solution of Eq. (4.1) when [p =

solutions (2) -(9), we get
Ugi4.415,.421(6, 1) = ag + a;(mcd(§) £ivm2 —1 nd(§)) + (

1-2m?

, q =1, r=1] and the sets of
2 4

by
mcd(&)+ivm2-1 nd(f))

Note that, when m — 1 we obtain constant solutions, also when m — 0 we obtain constant
solutions.

Using Eq. (10), the solution of Eq. (4.1) when [p =
solutions (2) -(9), we get

1-2m? , qzé, rzﬂ and the sets of

b
u422,423,...,429(x: t) = ap + a1(SC(SZ) + dc(f)) + (SC(f)i—ldC(f)).

Note that, when m —1 we obtain constant solutions, when m — 0we obtain

[U130,131 (%, ), Us32,133(X, 1), ..., Ugeg 169(X, E)].
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m241 m2-1

Using Eq. (10), the solution of Eq. (4.1) when [p ==, 4=, r= mi_l] and the sets of
solutions (2) -(9), we get

b
Uy30431,..,437(X, 1) = ap + al(m sd(§) + nd(f)) T (m sd(f)lind(f)) '

Note that, when m — 1 we obtain constant solutions, also when m — 0 we obtain constant
solutions.
Using Eq. (10), the solution of Eq. (4.1) when [p = m22+1, q= (1_';2)2
solutions (2) -(9), we get

Uy3g.439,.,445 (%, 1) = ag + a1 (ds(&) + es(§)) + ms(f)+1cs(f))'

Note that, when m —» 1 we obtain [uz;3, (x,t),and uz334(x,t)], when m — 0 we obtain
[ Uz08,209(%, ) Uz00,301 (X, ), v, Uzz6,337 (%, )]
Using Eqg. (10), the solution of Eq. (4.1) when [p =
solutions (2) -(9), we get

Uss6447,.,453(%, 1) = ag + a1 (dc(§) £Vm? —1nc(§)) + (

, T = ﬂ and the sets of

m2-2

2
,q=1, r=m—] and the sets of
2 2 4

b
ddﬂi%#tfnday
Note that, when m —1 we obtain constant solutions, when m — 0we obtain
[uz3(x,t) and (x, t) uys].
Using Eq. (10), the solution of Eq. (4.1) when [p = 2 —4m?, q = 2, r = 1] and the sets of

m@mm) (mﬁ))
cn(€) L\sn(&)an(&)/)

Note that, when m — 1 we obtain [ug,(x,t), ugo(x,t), ..., uzq21(x, t)],also when m — 0 we
obtain [ Ug,7(x, 1), ugo(X, ), ..., Uzg 21 (%, t)]
Using Eqg. (10), the solution of Eq. (4.1) when [p = 2m?,—4 q = 2m?, r = 1] and the sets of

; (§end) an($)
solutions (2) -(9), We get se3 463,460 = Ao + @1 (%) + by (m) .

Note that, when m — 1 we obtain [ug,(x,t), ugg(x, t), ..., Uz 21 (x, t)], also when
m — 0 we obtain [ug,(x,t), ugo(x,t), ..., uzg,21(x, t)].
Using Eq. (10), the solution of Eq. (4.1) when [p =2m?+2, q =2, r=1—-2m+ m?] and

the sets of solutions (2) -(9), we get
_ an(§)cen(§) sn(é)
U470,471,.,477 = Qo T g (—sn(f) ) 1 (—dn(f)cn(f))'

Note that, when m — 0 we obtain [ue ;(x,t), ugo(x,t), ..., Uzg 21 (x, t)], when m — 1, we obtain

>0,
2(1 a 2
1 i sech (E,Izaﬂwy (x+5at) ) a
u478,479(x' t)=— ;i 3 1 a (.2 , for 2aB+9y
tanh (E 2aB+9y (x+5at) )

SO|UtIOI’]S (2) '(9), we get U,454’455’_._'461 = aO + a1 (

a

fOT' 2aB+9y

=

50

N
-
2
1)
a
N
—
N
N
3
FIR
0
S
—
=
+
0N
Q
o~
~—
N——

1
Uygoag1 (X, 1) = — gi

m2+1 A2(m2-1)* _ A2(m2-1)*
2+43m2’ 1~ 2 =T e

Using Eq.(10), the solution of Eq.(4.1) When[p = ],A ER,

and the sets of solutions (2) -(9), we get

_ dn(§)cn(§) A(1+sn(§))(1+m sn(§))
U4g2,483,..,489 = Qo T4 (A(1+sn($))(1+m sn(f))) + bl ( dn(&)cen(§) ) - Note that’
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when m - 0and A=1we obtain [uyzg,35(x, t), Upze 237 (X, t), ..., Un72273(x, )],  when
m — 1 we obtain constant solutions.

2(m211)2 2(1n241)2
Using Eq. (10), the solution of Eq. (4.1) when [p == 3;12, =4 (mz 1) 4 (TA;’l)
0 # A € R, and the sets of solutions (2) -(9), we get

an(&)cn (&) A(1+sn(®))(1-msn(§))
U490,491,..,497 = Qo + Gy (A(1+sn(f))(1 msn(e))) + b, ( dn(&)cn()

m — 0and A = 1 we obtain [uyz4235 (X, t), Upze237 (%, L), ..., U72273(x, )], when m — 1

). Note that, when

and A = 1, we obtain for

)

2aB+9y
2 a 2
1 1 sech (\/_ 2ap+oy (x+9at) )
Ugogago(X, 1) = — - X = )
’ 3 3\ 1-tanh? a (x+zat)
\/— 2ap+9y 9
2 a 2
B 1 + 1 1—-tanh (\/_ 2a,8+9y(x+ (xt))
u500'501(x' t) T ;— 5 sechz( ;. (x+ at ’
V24 2aB+9y
2 a 2 a 2
1 1 sech (2‘/_ 20¢B+9V(x+ at 1 1—-tanh 2‘/_ 2aB+9y(x+9at) )
Uso2,503 (X, 1) = —gig 3 = g 2 3 )
1-tanh (2\/_ W X+ Zat ) sech 2\/_ zaﬁ+9y (x+§at)>
a 2
y oty = 1T sec (‘/_ sapray (xraat ) +\/— 1-itan (\/_ 2aB+9y(x+§at))
so4505 % H) = TR T T (+2at) 2 o (x+Zat) ’
i tan? \/_ 2aﬁ+9y sec \/— 2apB+9y x 9“
or
f 2a[§+9y
1+ 1 sec? \F 2aB+9V x+ at
Us6,507 (X, t)——g_g 2
1-itan \/, 2aB+9y x+ at
2
B 1 1 1-i tan \F 2a8+9y x+ at )
Uspg 509(X, 1) = — T 5
sec? \/, 2aﬁ+9y x+ at
« 2
5.6 1,1 2aﬁ+9y x+ at L1 1—i tan? sapesy (x+5at) )
u X = ——-T— -
510,511 3 6\ 1-itan? x+ a't 6 sec2 (x+zat) '
2a[3+9y 2\/— 2“B+9Y 9
2 2 a 2
1 7 sech (\/_ 2aB+9y (x+ oct VZi 1+tanh (\/_ Zaf+oy (x+§at) )
Usiz513(X, ) = _Ei_e = T = .
1+tanh? (‘/_ 2apioy (x+fat) ) sech? (\T_ 2aptoy (x+5at) )

Using Eq.(10), the solution of Eq.(4.1) when [p =6m—m?—1,q= —8, r=-2m3+m*+

m ] and the sets of solutions (2) -(9), we get

d 2(H)+1
u514,515,..,521(x; t) =ag+ a1(w) + by (M)

msn2(&)+1 mcn(&) dn(é)’’
Note that, when m — 0 we obtain constant solutions, when m — 1 ,we obtain for 2aBioy >0,
2
. (e t) = ) N vz sech2<2 ,2aﬁa+9y (x+§at) )
522,523 ’ I B ’

3 3 tanhz(2 ,ﬁ (x+%at) )+1

for —
2aB+9y !
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2(1 /L 2
_ 1, V2 sec (2 2aB+9y (x+9at))
u524'525(x' == gi B tan2 - (X+Zat) +1
i 2 2apB+9y 9

Using Eq. (10), the solution of Eq. (4.1) when [p =—6m—-m?-1,q= % r=2m3+m*+

mz] and the sets of solutions (2) -(9), we get

(&) an(&) 2(9)-1
Us26,527,,533 (%, £) = ag + a1(%) + bl(%) :
Note that, when m — 0 we obtain constant solutions, when m — 1, we obtainfor 2aﬂa+9y <0,

2 a 2
sech (2\/‘ 2aB+9y (x+9at) )

1 1
Usggsas (X, 1) = — 513 3 = . )
tanh (2\/_ Zaf+oy (x+§at) )—1
2 « 2 _
1 1 tanh (2‘/_ W(X"';at) ) 1
u536.537(x' t) = 3 * 3 « 2 ’
sech? (2\/’ 2aB+9y (x+§at) )
2( 1 a Z 2( 1 a z _
1 1 sech (4W 2aB+9y (x+9at) ) 1 tanh (4W 2aB+9y (x+9at) ) 1
Us3gs30(X,t) = — S+ = 5 = . o 1T = > ,
tanh (4\/_ 2aptoy (x+§at) )—1 sech (4\/_ 2aB+oy (x+§at) )

2 a 2 . 2 a 2 _
1, 3 sec ( SaBToy (x+§at) ) vail tan ( 3aBToy (x+3at) ) 1
Usqo s (0, 1) = =32 —— | ——F——"— T— T3 )
i tan ( 2aB+9y (x+6at) )—1 sec ( W(X'"sat) )
a
for >0,
2aB+9y
2 1 a 2
1,1 sec (zTE 2aB+9y (x+5at) )
Usgpsa3(X,t) = — - = ,
373 itan2<L a (x+3at) )—1
2v24/ 2aB+9y 9
. 2 1 a 2 _
1 1 i tan (ﬁ 2a[>’+9y (x‘l'gat) ) 1
Usgasas(X,t) = — e n = 2 )
secz(— —(x+—a't)
224/ 2aB+9y 9

2 a 2
+\/2—L. tanh( Zaﬁ+9y(x+—at) )—1
T 2
sech (/2aB+9y x+ at )

1
4/2. 2aB+9y

1
u (x,0) =—-+—
546,547 \F\ 3 6 tanhz(\/% (x+§at) -1

2( L |_¢@ ( 2
sec (4\/_ 2aB+oy x+9at )

2 a 2 _
itan (4«f 2a3+9y(x+9at) ) 1

~—

X+ at )

itan (

t

;1
6

W=
[N

Usagsa0(X, 1) = —
secz(lhr —za;+9y (x+ at) )

Using Eq.(10), the solution of Eq. (4.1) when [p =2m?+2, q=-2(m*+m+ 1)B? r=

2m-m?-1

=2 ] 0 # B € R, and the sets of solutions (2) -(9), we get

msn?(&)-1 B%2(m sn?(&)+1)
Uss0,551,.,557 (%, ) = ag + a4 (m) + by (W)

Note that, when m —» 0 we obtain constant solutions, when m — 1 and B = 1, we obtain

a
>0,
anh? l, a x+5a —
2 t (2 2aB+9y( 9 t)) 1 a

fOT' 2aB+9y
1
u x,t)y=—-+— , for <0,
558.559( ) 3— 3 tanhz(l , a (x+5at) )+1 f 2af+9y

Usgo 561 (X, 1) = —
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Using Eg. (10), the solution of Eg. (4.1) when [p =2m?+2, q=-2(m*—-m+1)B? r=

M} 0 # B € R, and the sets of solutions (2) -(9), we get

msn?(§)-1 BZ(msn?(&)+1)
Use2,563,.569(X, 1) = Ao + a4 (m) + by (W)

Note that, when m — 0 we obtain constant solutions, when m — 1we obtain
[Ussg 550 (X, ), Useg 561 (X, E)].
2 2

Using Eq. (10), the solution of Eq. (4.1) when [r = W’ p<0,qg> 0] and the sets of
solutions (2) -(9), we get

_ —2m?p -p —2m?p -
Us70,571,.,577 (%, £) = ag + a4 \/(mzﬂ)q sn < 2+ 1) f) + b, \/(mzﬂ)q 5n< m2+1) E)
Note that, when m —> 0 we obtain constant solutions, when m — 1we obtain

[ue7(x, 1), ugo(x, t), ..., Uzp 21 (x, L) ].
Using Eg. (10), the solution of Eq. (4.1) when [r =

-1

2p? (1-m?)
m2-2q’ P >0,q9< O] and the sets of

solutions (2) -(9), we get

_ -2p P -2p p
Us7g,579,.,585 (X, £) = ag + a4 \/(Z_mz)q dn( 2-m?) f) + b, \/(z_mz) p dn( (2-m?) Sz)

Note that, when m — 0 we obtain constant solutions, when m — 1we obtain
[u2,3 (x, t) and Uy s (x, t)]

Using Eg. (10), the solution of Eq. (4.1) when [r
solutions (2) -(9), we get

—2m?p p -2p p
Usgs 67,503 (%, 1) = o + & \/(Zmz—l)q Cn( (2m2-1) E) by \/(Zmz—l)q cn( (2m2-1) €>

Note that, when m — 0 we obtain constant solutions, when m — 1, we obtain

[uz3(x,t) and uy5(x, t)].

4. Conclusion

In this paper, the mapping method has been successfully implemented to find new traveling

wave solutions for our new proposed equation namely, a combined of ZK-EW and ZK-m EW

equations.

The results show that this method is a powerful Mathematical tool for obtaining exact solutions

for our equation. It is also a promising method to solve other nonlinear partial differential

equations.
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O Al (e A il IS (Slpaly )l and O Aaals (e A il IS (bl ) aud

LSl (ZK-EW) (ssbasiall (ia jallocipusisi 358 Cag Ja) 5 Alalaal 1haa 23500 pdi i)l o3a & 1padlal)
gl Jad Ll AN a3yl Gubaiy ((ZK-MEW) danall (5 sludiall (yom jallCaguiivi 35 iy Al alibaa s
JIsall s LA ) gall 5 00 30 JIpall Cum ge gl a5 AL s pall 4283 Jgla o Jomal) oy saal)

Ay

a A8k 0(ZK-m EW 5 ZK-EW) dilae ((ZK-m EW) ddas ((ZK-EW) ddlas sdalidal) cilalsl)
it jal)
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