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Abstract. In this paper, we present Generalized Kudryashov-Jacobian Method (GKJM) to obtain
new type of general exact solutions for nonlinear partial differential equations. GKJM is applied to
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1. Introduction

The applications of nonlinear differential equations have much attention by researchers because
its describe various phenomena in many fields such as the fluid flow, electro chemistry, scattering
theory, transport theory, elasticity, control theory, potential theory, signal processing, image
processing, diffusion theory, kinetic theory, systems identification, biology and other areas [9,(12].

Travelling wave methods have an important role to obtain exact solutions that are
described and explained these natural phenomena. Most famous of these effective methods
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are (G'/G)-expansion method [2,3,18,23,25], Exp-function method [1,/6,(10,16,21], generalization
of He’s Exp-Function method [7,19], a new extended Auxiliary equation method [14], modified
Kudryashov method [[11,/13},15] and generalized Kudryashov method [8]].

Kudryashov [13] presented a wave method based on rotation function as form aﬂ;’{w,
i € N. Then, Gaber [|8] developed a Kudryashov’s method by replacing exp(n) with an arbitrary
function that satisfies Riccati equation, and it has a large number of solutions. In this paper, we
give another development of Kudryashov’s method by replacing exp(n) with another arbitrary
function which is a solution of auxiliary linear differential equation to give Jacobian elliptic
function.

2. Description of GKAM for PDEs

In this part, we will present the detail description of the Generalized Kudryashov Auxaliry
Method (GKAM).
We consider a given nonlinear partial differential equation for u(¢,x1,x9,...,x,)

O(u,DPu,Dy,u, D u,D? u,DyDyyu,..) =0, 2.1)
where O is is a polynomial in u. We seek its wave solution [20,22],
U, = hixs + =22 1,2 (2.2)
u= =hixi+ ———— = cee .
77 ’ 77 12444 r(1+a)’ &y
Consequently, eq. (2.1) is reduced to the Ordinary Differential Equation (ODE):
U(u,wu',hiu/,h?u",hzu”,...) =0. (2.3)

GKAM is based on the assumption that the travelling wave solutions can be expressed in

the following form
m

a;
u(n) = ;)m , (2.4)

where m is positive integers which are unknown to be further determined, a; is constant. In
addition, W(n) is a solution of the auxiliary linear differential equation

W2 =R +QW¥*(m) + PV, (2.5)
where R, @ and P are constants. The solutions ¥(n) are the Jacobian elliptic function which

depend on the values of the constants R, @ and P (shown in Table [TI). Equation (2.5) has more
40 different solutions [4].

When m — 1 Jacobian elliptic function solutions are transformed to hypergeometric function as
follow

{en(n), dn(n)} — sech(n), {ds(n), cs(n)} — csch(n), sn(n) — tanh(n),

{sc(n), sd(n)} — sinh(n), {nc(n), nd(n)} — cosh(n), ns(n) — coth(n), {cd(n), de(n)} — 1
When m — 0 Jacobian elliptic function solutions are transformed to trigonometric function,
yields

sc(n) — tan(n), {en(n), cd(n)} — cos(n), {sn(n), sd(n)}— sin(n),

{nc(n), de(n)} — sec(n), {ns(n), ds(n)} — csc(n),cs(n) — cot(n), {dn(n), nd(n)} — 1.
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Table 1. Jacobian elliptic function solution W(n) of auxiliary equation (2.5)

Cases R Q P Solutions of auxiliary equation
1 1-m? 2-m? 1 cs(n)
—om? (n)
2 i = ns(m)£es(), Trentp
2 2 2

3 — — Lo ne(n)+sc(n)
4 1 2-m?  1-m? sc(n)
5 1 2m?-1 -m(1-m? sd(n)
6 1 2-4m? 1 R

2 sn(n)en(n)
7 1 2 m i)

3. Application PDE

We apply the GKAM to find exact solutions for the following the (2 + 1)-dimensions of dispersive
long wave equations which are called Wu-Zhang (WZ) equations [[17,/24]

Dfu+u Dyu+vDyu+D,w=0,
va+quv+vDyv +Dyw =0,

1
DPw+D,(uw) +D,(wvw) + 3(D3u+DDou+D:Dyv +Dy) =0, (3.1)

where u(t,x,y), v(t,x,y) and w(t,x,y), this equations describe nonlinear and dispersive long
gravity waves traveling in two horizontal directions on shallow waters of uniform depth.
We perform the transformation n=hx+ky + 4 r(1 = a), eq. can be reduced into an ODEs
gU' +hVU +kVU +hW' =0,
gV'+hUV'+RVV'+ kW' =0,

1 1
W +h(VU +UV)+ (VW + WV') + g(h3 +hEDHU" + 5(kh2 +EHV =0, (3.2)

where U’ = %.
We can freely know that the solution do not depend on the balancing the highest order linear

and nonlinear terms [5], we have:

_ a1 _ by = ‘1 c2
vin=aor ey VO =bor gy WSO TG T ar v

Substituting from eq. (3.3) into eq. (3.2) and by comparing the coefficients of all powers of ¥ (1),
we get the following equations,

(3.3)

—wa1 —halao —kalb() —hcl = 0, —a)b1 —hblao —kblbo —k01 = 0,
—wai—haiag —ha% —ka1bg—kai1b1—hc1—2hcoy =0
—wby—hbiag—hbiay—kbibg— kb2 —kci —2kcy =0,

1
— ha100 — ghgalQ — kb()C1 —kblC() — ha001 — 2h3a1P —2k3b1P

1 1 1
- §k%le —2k%ha P - §k3b1Q - §h2kb1Q —2h%kb1P —wey =0,
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4 4 4
gkzhalQ —2gco—2haico—2hagcy + gh?’alQ + §k3b1Q —2kbey
4
—2kbic—2kbeg —2kbicy + ghzkle —2haict—2weq — 2hager =0,
—2hagce — 2k%2haiR — 2h2°kb1R — wcq — 2wes — 2h3a 1R — 2k3b1R
1
- §k3b1Q —hage1 —haico—2haici —3haico —3kbice — kbey

1 1 1
—kbic—2kbicl - §h2kb1Q —92kbey — gh3alQ - nghalQ =0. (3.4)

Solving the system of algebraic equations with bu using Maple, we obtain the following solutions:
(2P +Q)(h% + k?) +(kbo + 0)/3(@ + P +R)
h/3@Q+P+R) ’

2
a1 = gh\/3(Q +P+R),
2
b= §k V3@+P+R), (bgisarbitrary)

c1= g(zp +Q)h%+E>),

apg=

co = g(P +Q +R)(K2+E?),

. (2P%2 +3PQ +RQ + 6RP)(h2 + k2)
0=—

3(P+Q+R)
Substituting these results into eq. (3.2), we obtain the following solutions for WZ equations

(2P +Q)(h2 + k) +(kby+w)\/3(@ +P +R) +gh\/3(Q +P+R)

(3.5)

t,x, = ,
whn) h3@iPiR) 3 1x o0
2k/3(Q +P +R)
v(t,x,y):b0+— ,
3 1+¢m)
Wit )__(2P2+3PQ+RQ+6RP)(h2+k2)+g(2P+Q)(h2+k2)+g(p+Q+R)(hz+kz)
X, Y) = 3(P+Q+R) 3 ]_+¢(n) 3 (1+¢(77))2 ’

(3.6)

wtP

where 1=hx+ky+ 5775

Substituting results eq. (3.6) into eq. (3.3) and with the aid of Table[I, we obtain the following
exact solutions for WZ equations:
Case (1): WhenR=1-m?,Q=2-m?and P=1

(4= m*)(h? + k") +(kbo+ ) V62 —m?) 2hV62—m?)

t =
u(t,,y) h/6(2—m2) 3 1l+cs(n)
txv)mb +gk\/6(2—m2)
o5 YI=00 g 1+cs(n)
14-9m2+ A -m22-m2)h2+Ek2) 2d-m2h2+Ek2) 4©2-m2h2+E2)
w(t,x,y)=— + — + -
6(2 — m?2) 3 1+cs(n) 3  (1+cs(m)?

(3.7)
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where n=hx+ky+ r(1+ﬁa)

Case (2): When R=1,Q=122" ang p=1
(1-m2)(h2+ k2)+(kbo +w)m 2 h/3(1-m2)
h/3(1-m2) 3 1+ns(n) +cs(n)’
2 kV3(1-m?)

31+ ns(n) +cs(n)’
2(1-m*)(A*+k*) 4 (1L-m*)(h*+£k?)

u(t,x,y) =

v(t,x,y)=bo+

t,x,y) = ——(h* + &> - 3.8
wit,x,y) = ( )+ 3 1+ns(n) +cs(n) * 3 (1+ns(n) £cs(m)?’ (3.8)
where n=hx+ky+ F(lfa)
Case (3): When R = 2,Q= 1+m and P = 1=
h2+k2+(kb0+w)\/§ 3h
u(t,x,y)=— + ,
3h 1+nc(n) £ sc(n)
3k
t =b
U( 7x7y) O+ 1+nC(T])iSC(n),
1 2 (h?+E?) 2 (2 +k2)
t :——1— Hh2+ k%) + = - = 3.9
wit,,y) (1-m7)(h"+E5) + 31+nc(n)+sc(n) 3 (1+nc(n) +sc(n)?’ (3.9)
where n=hx+ky+ F(lfa)
Case 4):WhenR=1,Q =2-m? and P =1-m?
PR C 3mA(h* + k?) +(kbo + )62 —m?) 2hV6(2-m?)
Y A /6(2—m2) 3 l+sc(n)
2 k\/ 6(2—m?2
U(t X, y) b() + = )
3 1+sc(17)
.%.9) (13 —20m?2 +5m*)(h? + k?) L2 (4-3m2)(h%+k2) 42-m?)(h%+E2)
w(t,x,y)=— = - =
Y 6(2—-m2) 3 1+sc(n) 3 (1+sc(n)?
(3.10)

where n=hx+ky+ F(lfa)
Case (5): When R = -m2(1-m?),Q=2m?-1and P=1
(1+2m2)(h2 +k2) + (kbo + 0)V/3(2m?2 + m(1 — m2)2) .\ 2 V3@2m2 + m(1-m?2)2)

u(t,x,y) = I/3@mE 1 mL_mDD) 3 1+sd(n) ’
v(t,x,y)=bo+ 2 V3@m? +m(1 - m2)2)’
3 1+sd(n)
6m?-1+mB-2mH(A-m2?)(h% +k2) 21 +2m?)(h? +Ek?)
w(t,x,y)=— m(2m +(1—m2)2) T3 1+sd(n)
_gm(2m+(l—m2)2)(h2+k2), (3.11)
3 (1+sd(n))?

where n=hx+ky+ F(“l’ffa)
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Case (6):WhenR=1,Q =2-4m?2and P =1

41 -m*)(R* + k*) + (kbo + )/ 12(1 — m?) 2cn(17)\/12(1 m?

t? b =
u(t,x,y) A m 3 cn(n) + sn(n)dn(n)
2 en(n)y/12(1 — m2
v(t,x,y)=bg+— ,
3 cn(n) + sn(n)dn(n)
(e ) = 41 -m*)(R* + k%) . 8en(m(1-m*)(h*+%?) 8 cen®(n)(1—m?)(h* + k) (3.12)
Y= 3(1-m?2) 3 cn(+sn(mdn(m) 3 (en(n) +sn(pdn(m))? '
wtP
where n=hx+ky+ i 5
Case (7): When R=1,Q =2 and P = m?
Wt y) _2(1+m*)(R® + &%) + (kbo + w)V/3(3 + m? L2 dn()v/3(3 + m?
X, Y) = h/33+m2) T3 dn(n) + sn(n)cn(n)
2 dn(n)v/3(3 + m2)
v(t,x,y)=bo+ = )
3 dn(n) + sn(n)en(n)
(0 p) = 2O 6m?+m*)(h? +£%) 4 dn@)1+m*)(h* +£?)
Wik %, 5= 3(3+m?) 3 dn(n) +sn(n)en(n)
2 2 2 2
_ 2dn* (@ +m*)(h* + k%) (3.13)

3 (dn(n) + sn(n)en(n))? ’

where n=hx+ky+ =%— F(1+a)

4. Graphics and Discussion

In this section, we show graphical simulations of the solutions eqs. (3.7)-(3.13). GKAM can be
present a huge number of solutions, including trigonometric function, hyperbolic function and
Jacobi elliptic function. The obtained solutions of govern PDE represent kink wave, anti-kink
wave, singular wave, and periodic wave. Figure [1| shows anti-kink wave solution of eq.
when =0.25 and m = 0. Figure [2| shows singular periodic wave solution eq. when $=0.5
and m = 0. Figure [3| shows kink wave solution of eq. when =0.5 and m = 1. Figure
shows anti-kink wave solution of eq. when =0.75 and m = 1. Figure [5| shows kink wave
solution of eq. when f=0.5 and m = 1. Figure [6| shows solitary wave solution of
when f=0.5 and m = 0. Figure[7|shows periodic wave solution of eq. when =0.5 and
m=0.

5. Conclusion

In this paper, new modification of Kudryashov method is represented to obtain more general
exact solutions for time fractional WZ equations. A fractional similarity transformation is
implemented to reduced time fractional WZ equations to ordinary differential equations. GKJM
is applied to obtained a new type solutions for WZ equations. The exact solution of WZ equations
are drawn by using of MAPLE 15. The exact solutions is shown a various waves as kink wave,
anti-kink wave, singular wave, and periodic wave.
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Figure 3. 3D graph of u-solution when bg=k=-1,h=1,w=0.1
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Figure 6. 3D graph of u-solution (3.12) when by=-1,h=k=w=0.1
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Figure 7. 3D graph of u-solution (3.13) when bg=-1,h=k=w=1
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