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tion of a nonlinear dynamical system in a new double-Chain model of DNA, the nonlinear Burger
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1. INTRODUCTION

The nonlinear partial differential equations of mathemat-
ical physics are major subjects in physical science.! No
one can deny the important role which played by the
nonlinear partial differential equations in the descrip-
tion of many and a wide variety of phenomena not
only in physical phenomena, but also in plasma, fluid
mechanics, optical fibers, solid state physics, chem-
ical kinetics and geochemistry phenomena. So that,
during the past five decades, a lot of method was
discovered by a diverse group of scientists to solve
the nonlinear partial differential equations, for example,
extended Jacobian Elliptic Function Expansion Method,>
the modified simple equation method,® the tanh method,*
extended tanh-method,>” sine-cosine method,?'® homo-
geneous balance method,'!"!? F-expansion method,">!
exp-function method,'®!” trigonometric function series
method,'® (G’/G)-expansion method,'*?* Jacobi ellip-
tic function method.?*?* The exp(—¢(£))-expansion
method®”* and so on.

In this article we propose a new method to get the exact
traveling wave solutions and the solitary wave solutions of
dynamical system in a new double-Chain model of DNA,
the nonlinear Burger equation with power law non linear-
ity and the perturbed nonlinear Schrodinger equation with
Kerr law non linearity by using the extended exp(—¢(§))-
expansion method. Where these equations play an impor-
tant role in biology and mathematical physics.

The rest of this paper is organized as follows:
In Section 2, we give the description of the extended
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exp(—¢(€))-expansion method. In Section 3, we use this
method to find the exact solutions of the nonlinear evolu-
tion equations pointed out above. In Section 4, conclusions
are given.

2. DESCRIPTION OF METHOD

Consider the following nonlinear evolution equation
F(u,u,,u,u,u,,...)=0 (1)

where F is a polynomial in u(x, ¢) and its partial deriva-
tives in which the highest order derivatives and nonlinear
terms are involved. In the following,we give the main steps
of this method.

Step 1. We use the wave transformation

u(x, 1) = u(f),

where ¢ is a positive constant, to reduce Eq. (1) to the
following ODE:

E=x—ct (2)

P(u,u',u’,u”,..)=0 (3)

where P is a polynomial in u(£) and its total derivatives,
while ' = d/d¢'.

Step 2. Suppose that the solution of ODE (3) can be
expressed by a polynomial in exp(—¢(§)) as follows

m

u(é) = 3 a(exp(—¢(8)))’ (4)

i=—m
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Since a,, (0 < m < n) are constants to be determined, such
that a,, or a_,, # 0.

The positive integer m can be determined by consid-
ering the homogenous balance between the highest order
derivatives and nonlinear terms appearing in Eq. (3).
Moreover precisely, we define the degree of u(§) as
D(u(§)) = m, which gives rise to degree of other expres-
sion as follows:

b diu\ ol w diu\’ B
(d—gq>_n+q, (u (d—é:q>>—np+s(n+q)

Therefore, we can find the value of m in Eq. (3), where
@ = (&) satisfies the ODE in the form

¢'(§) = exp(—¢(§)) + mexp(e(£)) +A )

the solutions of ODE (3) are
when A2 —4u >0, u #0,

gD(g)=1n<—JAz—éwtanh((JA;—4u/2)(§+cl))—A>
n
(6)
and
_ 7 _
M):m( VA 4M00th((\/); 4p/2)(E+C)) A)
m
(7
when A2 —4u >0, u=0,
A
o= oera)
when A2 —4u =0, u #0, A #£0,
B 2NM(E+C))+2)
e(§) = ln<_W> ©)
when A2 —4u =0, u=0, A =0,
@(&) =In(§+C)) (10)

when A2 —4u <0,

(VA= Rtan((VAp = 22/2)(E4C)) — A
o6 =n( - )
(11)
and
(VA R cot(yAu— X2/2)(§+C)) = A
P(&) = 1n< m ( ))
12
where a,,, ..., A, u are constants to be determined later.

Step 3. After we determine the index parameter m, we
substitute Eq. (4) along Eq. (5) into Eq. (3) and col-
lecting all the terms of the same power exp(—me(§)),
m=20,1,2,3,... and equating them to zero, we obtain
a system of algebraic equations, which can be solved by
Maple or Mathematica to get the values of a;.

Step 4. Substituting these values and the solutions of
Eq. (5) into Eq. (3) we obtain the exact solutions of

Eq. (3).
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3. APPLICATION
3.1. Example 1: Dynamical System in a New
Double-Chain Model of DNA
An attractive nonlinear model for the nonlinear science
in the deoxyribonucleic acid (DNA). The dynamics of
DNA molecules is one of the most fascinating problems
of modern biophysics because it is at the basis of life. The
DNA structure has been studied during last decades. The
investigation of DNA dynamics has successfully predicted
the appearance of important nonlinear structures. It has
been shown that the non linearity is responsible for form-
ing localized waves. These localized waves are interesting
because they have the capability to transport energy with-
out dissipation.’**® In Ref. [37,38], it is given that a new
double-chain model of DNA consists of two long elastic
homogeneous strands which represent two poly nucleotide
chains of the DNA molecule, connected with each other
by an elastic membrane representing the hydrogen bonds
between the base pair of the two chains. Under some
appropriate approximation, the new double-chain model of
DNA can be described by the following two general non-
linear dynamical system:

= Gty = Nyt Yyt i + By (13)
Uy — GV = Mv+ Vo1t + v+ Bov’ + ¢ (14)

where
Y F -2
c=Ft—; c=%+—; A= M(c—lo)
p p poh
—2u 24/2ul,
M=—> 7=2y= 2
po poh (15)
—2ul, 4ul,
My = My = ook’ Bl:Bz:pa‘fﬁ
\/jﬂ(h =1
CQg=—""™"—+
po

where p, o, Y and F denote respectively the mass density,
the area of transverse cross-section, the Young’s modulus
and tension density of each strand; u is the rigidity of
the elastic membrane; % is the distance between the two
strands, and [/, is the height of the membrane in the equi-
librium positive. In Egs. (13) and (14), u is the difference
of the longitudinal displacements of the bottom and top
strands, while v is the difference of the transverse displace-
ment of the bottom and top strands.
We first introduce the transformation

v=au+b (16)

where a and b are constants, to reduce Egs. (13) and (14)
to the following system of equations:

u, — ciu, =’ (y +B,a*) +u*(2B,ab+ay,)
—}—u()\] + by, +B1b2) (17)
5717
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and
b
= Gty = 16 (12 + Bad®) + u2<% +E2 3B2ab>

Ab b«
+u(hy 3,07 + =5+ B, — (1)
Comparing Eqs. (17) and (18) and using (16) we deduce

that b= h/~/2 and F =Y. Now Egs. (17) and (18) can be
written as

a

u, —ciu, — Au® —Bu* — Cu=0 (19)
where
a N 6+ 2aa
A= E(—2+4a ); B= n

(20)

-2 6 l Y
c:< a+_“); a=t0 22
Iy h po p

The wave transformation u(x,t) = u(§¢), ¢ = kx + wt,
reduce Eq. (19) to the following ODE:

(0* —k*cHu’ — Au® — Bu> — Cu=0 (21)

where w? —k?c? # 0. Balancing u” and u® yields, N +2 =
3N — N = 1. Consequently, we have the formal solution:

u(é) =a_,exp(e(€)) +ag+aexp(—¢(§))  (22)

Substituting Eq. (22) and its derivative into Eq. (21) and
collecting all term with the same power of [exp(—3¢(¢)),
exp(—2¢(€)), ..., exp(+3¢(£€))] we obtained:

(0 —K*cp*a_,—Aa’ | =0 (23)
3(w* —k*c)pAa_, —3Aa* ja,— Ba* =0 (24)
(0 =Kc})2a_u+Na_,) — A(3a® ja, +3a_,a;)

—2Ba_ja,—Ca_, =0 (25)
(0> —k*ct)(Aa_, + pha)) — A(6a_,aza, + aj)
—B(2a_ja;+a})—Cay=0 (26)
(0° —k*c))2ua, +V’a)) — A(3a_,ai +3aga,)
—2Baga, —Ca,; =0 (27)
3(w* —k*ci)Aa, —3Aaga; — Ba; =0 (28)
2(0?* —k*ch)a, — Aal =0 (29)

Solving above system by using maple 16, we get the fol-
lowing solutions:

Sol. 1.
_Saz,l(—a)24+ kzclz)’ B :24a31(—w22+ k*c?)
a4y )
C:_16a2_1(—w22+k2c12), :2£‘2]
dy dy
2
A=0, a_=a_,, ay=ay, a = %o
2a_,
5718
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Sol. 2.
A= @R - ggati (oK)
ag ’ a;
N Y
o o
2
A=0, a_ =a_, aq=a, a = %o
4a_,
Sol. 3.
e )
a*,
B3 w(—paiw? + w*a* |+ palk*ct —k*cia*))

a*,a,
2 4 2 2,2 2 2 4722
C=—(—payow” +2w na” a;+ pn agkc;

22,0 2 4 2 4 320 2.2 -1
—2k*cipa a5 —a’ 0 +a’ k*cy) x (aga”,)

2 2
A= M, a_,=a_, ay,=ay, a =0
a_a,
Sol. 4.
A _z—a)z—};lczcl2
a;
B— 3 —a A& + a;Ak* e} + 2ayw* — 2a4k* ¢}
ai
C = —(5apa,\” — 5aya,\k* ¢} — dajw’ + 4agk*c;
—’Nal+k*ciNal) x (a})™!
_ —ag(a;A—2a) _ —ag(a;A—2a,)
N 4a3 o 4a,
ao == (10, al - al
Sol. 5.
,U_,: E’ B:37A(_w2+kzc%)
a a
Cc—_ —o’Na, + ki a, +4w’a_, —4k*cta_,
a;
_ ke
A= —ZM, a_,=a_,, ay,=aA, a =a
a;
For Sol. 1.
2
a
M(f):a—lexp(¢(§))+a0+2ao exp(—¢(§))  (30)
—1

Let us discuss the only this case where the other cases do
not satisfy the conditions of solutions for (5):

u(§)

e <\/4M—)\2tan((\/4ﬂz = Az/z)(§+cl>)—A> e
M

a? ( 2u )
+ - —
2a_y \ J4p — N tan((/4p — N2/2)(§+C)) — A
(31)
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and

u(é)

:a_l<\/4M—/\ZCOt((\/4M—)\2/2)(§+C1))—)\> fan
2u

=l = )
2a_ \ /4 — Rcot((v/4pn—22/2)(§+C) — A
(32)

For Sol. 2.

Y exp(—e(£)  (33)

a_

u(§) =a_exp(e(§)) +ay+ 5

Let us discuss the only this case where the other cases do
not satisfy the conditions of solutions for (5):
when A2 —4u >0, u #0,

u(¢)

:a_1<—J AZ—4manh(m22—4M/Z>(§+cl)) —A> +ao
o

N a’ < 2 )
2a_y \ —/A2—dputanh((/ A2 —4p/2)(E+C)))— A

(34)
and
u(é)
:a_l<—/M—4Mcoth(<ﬂ2;—4u/2>(§+cl))—A) ra,

2 = )
2a_y \ — /A2 —4pcoth((v A2 —4p/2)(§+C))) = A
(35)

For Sol. 3.

u(§) = a_exp(e(£)) +ao (36)

Let us discuss the only these three cases where the other
cases do not satisfy the conditions of solutions for (5):
when A2 —4u >0, u #0,

u(é)
» (—JWtanh((/@/z)@m»—A)
» 2#
+a, (37)

and

u(€)

. (—\//\2 —4ucoth((vA?—4u/2)(+C))) - /\)
—a_, o
a, (39)
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when A2—4u =0, u#0, A #0,

C2(M(€+C)+2)

“(6) :“‘( NETC)

) ta,  (39)

when A2 —4u <0,

W(E) = a_l<J4u—A2tan(<J4;;; X/2)(E+C) —A)
+ay (40)
and
W(E) = <\/4M—)\200t((\/4ﬂ~2; X/2)(E+C) —A)
+a, (41)
For Sol. 4.
) = 20 o)) +ay
+a,exp(—¢(£)) (42)

Let us discuss the only these three cases where the other
cases do not satisfy the conditions of solutions for (5):
when A2 —4u >0, u #0,

u(€)
_ —ag(a;A—2a)
o 4a,
« (—J x —4Mtanh((\//;2 —4u/2)<§+c1>>—A> tag
o

“+a < — L )
'\ —V/F = dptanh (/22— 4/2) (£ +C)) - A

(43)
and
u(€)
_ —ay(a;A—2a,)
n 4a,
y (—W—4Mcoth<m22—4#/2)<§+cl>>—A) ra,
M

when A2 —4u =0, u#0, A #0,

@A —2a) ( 20E+C)+2)
u(e) = 2 (AT )
V(E+C)
+a(~3agseis) @)
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when A2 —4u <0,

u(€)
_ —ag(a;A —2ay)
B 4a,
y <\/4M—)\2tan((\/4ﬂz —X/)(£+C) —A) tay
w

+a< — 72M )
\Vap— Xtan((Vam— A2/2) (£ +C)) — A

(46)
and
u(£)
_ —ag(a;A —2a)
B 4a,
y <J4M 3 )\zcot((\/4,u2 —X/D)(E+C) — A) +dy
M

+a < — 72'& )
"\ Van = Ncot((Vam—A2/2) (£ +C)) — A
(47)
For Sol. 5.

u(§) = a_exp(p(§)) +aA+a,exp(—e(§))  (48)

Let us discuss the only these three cases where the other
cases do not satisfy the conditions of solutions for (5):
when A2 —4u >0, u #0,

u(§)

. <—\/)\2—4Mtanh((\/)t2—4M/2)(§+C1))—)\> an
— - 2u 1

+al< = L )
—V/ A2 —dptanh((v/A2 = 4p/2)(§+C)) — A

(49)
and
u(é)
.y (—W—4ucoth<(JA2—4u/2><§+cl))—A)+a N
=0 21 1

2
+a1(—\/)\2—4,u,c0th((\/)\2—4M/2)(§+C1))_)‘>

(50)
when A2 —4u >0, u=0,
o) :a_l(exp(“fjcl”‘l)ﬂm
+ ( A ) (51)
“Nexpr(E+ ) -1

5720
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when A2 —4u =0, w #0, A #0,
B 2(0M(E+C))+2)
u(f)—a1<— /\2(§+C1) >+a1)‘
N(E+C)
rao(-mErers) O
when A2 —4u <0,
u(§)
:al(J4M—A2tan(<¢4;;—v/2)<§+cl))—A) fa
o

2
ta <\/4,u,—)\ztan((\/4l!«—)\2/2)(§+c1))_)‘)

(53)
and
u(€)
s <\/4M_)\2C0t((\/4ﬂ~_)\2/2)(§+C1))_)\>+a N
— Y1 2/-'L 1
2
+a1(Wm—Azcot«ﬂn—v/z)(ﬁc]))—A>
(54)

3.2. Example 2. The Nonlinear Burger Equation with
Power Law Non Linearity
This equation is well known* and has the form:

v,+a@"),+bv,=0, n>1 (55)

where a and b are nonzero constants. The solutions of
Eq. (55) have been discussed, the exact solitary wave solu-
tions, the periodic solutions and the rational function solu-
tion are obtained in Ref. [39] by means of the extended
(G’/G)-expansion method. Let us now solve Eq. (55)
using the extended exp(—¢(&))-expansion method. To
this end, we use the wave transformation (14) to reduce
Eq. (55) to the ODE and integrating the equation with zero
constant of integration:

—cv+av"+bv =0 (56)

Balancing v' with v" yields m =1/n—1, n > 1. Using the
transformation
v =" (57)

to reduce Eq. (56) to the following equation
—c(n—NDu+a(n—Du*+bu' =0 (58)

where u is a new function of £. Balancing u' with u?
yields m = 1. Consequently, Eq. (58) has the same for-
mal solution of (21). Substituting Eq. (22) and its deriva-
tive into Eq. (58) and collecting all term with the same
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power of [exp(—2¢(§)), exp(—1¢(§)), ..., exp(+2¢(£))]
we obtained:

a(n—1)a*, +bpa_, =0 (59)
—c(n—1a_;+2a(n—1a_jay+bra_, =0  (60)
—c(n—1)ay+a(n—1)(2a_,a, +aj)

+b(a_; —pa;) =0 (61)
—c(n—1)a,+2a(n—1)aga, —bra, =0  (62)
a(n—1)at—ba, =0 (63)

Solving above system by using maple 16, we get the fol-
lowing solutions:
Sol. 1.

_ ao(al)\—ao)z

b=aan—aa,, c=2aa,—Aaa,,

a;
a_=0, ay=a, a =a
Sol. 2.
. a(n—1)a_, Cem a(—a*, +paj)
M Ao
2, 2
/\:M, a_,=a_,, ay=a, a =0
a_a,
Sol. 3.
—c?
b= —aa, =———, A=0
aan—aa,, W T6a7d
c? c
a,=——, ay=-—, a =a
7 16a2a, 07 24 : :
For Sol. 1.
u(§) = ap+a, exp(—¢(£)) (64)

Let us investigate these cases only where the other cases
do not satisfy the conditions of solutions for (5):
when A2 —4u >0, u #0,

u(§)

=a0+al < Z’M )
—/ A2 —4ptanh((y/A2—4u/2)(+Cy)) = A
(65)

and

u(€)

_a0+al(—\/)\2—4Mcoth((\/)\2—4M/2)(§+C1))_/\)

(66)
when A2 —4u =0, uw#0, A #0,
B N (E+C))
“(5)‘“°+“‘<_2<A<§+cl)+2>> €7
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when A2 —4u < 0,
u(é)

e R
D\ A= R tan((VA = X2/2)(E+C)) - A
(68)

and

u(€)

U )
o Vap =22 cot((vap — X2/2)(E+C))) — A
(69)

For Sol. 2.

u(é) =a_ exp(e(€)) +aq (70)

Let us investigate these cases only where the other cases
do not satisfy the conditions of solutions for (5):
when A2 —4u >0, u #0,

u(§)
. (—\/)\2 —4ptanh((v/A2 —4p/2)(€+C))) — /\>
—a o
a )

and

u(€)

(=R —dpcoth(( X —4p/2)(E+C)) — A
B a”( 2 )
+ag (72)

when A2—4u =0, u#0, A #0,

2AE+C)+2)

GBI =73

) ta,  (73)

when A2 —4u < 0,

W(E) = a_l<Jmtanww/z)<§+c]»4>
+a, (74)

and

W@ = a <Jmcot(<JT—LA2/2>(§+cl))—A>
+a, (75)

For Sol. 3.

2

() = o SR + 5 Farexp(—o() (76)

5721
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Let us investigate the only this case where the other cases
do not satisfy the conditions of solutions for (5):
when A2 —4u <0,

u()
J— C2
"~ 164%a,
y (Wm — Xtan((/4p —V/2)({+C)) — A) L
2 2a

2
+a1(\/4,u,—Aztan((\/4u—/\2/2)(§+c1)) _)‘)

(77)
and
u(§)
"~ 1642a,
y (Wm— A cot((y/4p—A2/2)(£+C))) —A) L
2 2a

2
e (\/4,L — A2cot((v/4 — A2/2)(£+C))) — )\)
(78)

3.3. Example 3. The Perturbed Nonlinear Schrodinger
Equation with Kerr Law Non Linearity
This equation is well-known***! and has the form:

iut + Uyy + a|u|2u + l{?’l“m + Y2|u|2ux
+v3(|uf?)u} =0 (79)

where «, 7y,, v,, ¥; are constants such that vy, is the
third order dispersion, vy, is the nonlinear dispersion, while
v, is also a version of nonlinear dispersion.*>** Equa-
tion (79) describes the propagation of optical solitons
in nonlinear optical fibers that exhibits a Kerr law non
linearity. Equation (79) has been discussed in Ref. [41]
using the first integral method and in Ref. [40] using the
modified mapping method and its extended. Let us now
solve Eq. (79) using the extended exp(—¢(¢))-expansion
method. To this end we seek its traveling wave solution of
the form Refs. [40,41]:

u(x, 1) = (&) expli(kx — Q)]

where k, () and c¢ are constants, while i = +/—1. Substitut-
ing (80) into Eq. (79) and equating the real and imaginary
parts to zero, we have

VNP + 2k —c =3y k*) ¢ + (v, +27:)d°¢ =0 (81)
and
(1=37,k)¢" +(Q=k + 7, )p+(a—7,k) ¢’ =0 (82)
5722
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With reference to Ref. [34], the two Eqs. (81) and (82) can
be simplified as follows: Integration Eq. (81) and vanishing
the constant of integration, we have

" 1
VNP + 2k —c=3yk)d + 3 (% +2y;)¢° =0 (83)
From Egs. (82) and (83) we deduce that

N _2k—c=3vk _ 1/3(%+2y)
1-3yk  Q—k>+vyk a—yk

(84)

From Eq. (84), we can obtain k = (w — ay,)/(Bwy, —
Y172), Q= (1 =3y,k)(2k — ¢ = 3y,k*) /0 + k> — v, k%,
where @ = (1/3)y, + (2/3)y;. Now, Eq. (84) is trans-
formed into the following form:

AP +Bp+wd®=0 (85)

where A =, and B =2k — ¢ — 3v,k*. Balancing ¢” with
¢? yields m = 1. Consequently, Eq. (85) has the same for-
mal solution of (21). Substituting Eq. (22) and its deriva-
tive into Eq. (85) and collecting all term with the same

power of [exp(—3¢(£)), exp(—2¢(£)), - .., exp(+3¢(§))]
we obtained:

2Ap*a_+wa’ | =0 (86)
3ApAa_,+3wa’ a,=0 (87)
AQ2a_p+AMa_))+Ba_,

+w(3a*,a,+3a_,a})=0 (88)

A(Aa_;+pAa,)+Bay+w(6a_jaga, +a3)=0  (89)
AQQua,+Ma,)+Ba,+w(3a_ja;+3aza;)=0  (90)
3A)a, +3waya; =0 91)

2Aa,+wa; =0 (92)

Solving above system by using maple 16, we get:
Sol. 1.

-1 -1
A= Tafw, B= T(a))\z dop)a:
1
a =0, a,= Eal)\’ a, =a,
Sol. 2.
2A
B=—A{@pn—Xr), a_,==xp,/ —
A [—2A
ap = Z*ZE 7, a; = 0
For Sol. 1.
a;A
u(€) = 2%+ a exp(—9(£)) ©93)
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Let us discuss the following cases: when A2 —4up > 0,
m#0,

ue) =42

2
+a exp( L )
—V/A2 —4ptanh((v/A2 = 4p/2)(§ +C)) = A
(94)

and

u(g) = 44

2
+a,ex ( 72’& )
P R dmcoth(V2 —dm/2) (€4 C,) — A

(95)
when A2 —4u >0, u =0,
a; A A
we) = ta <exp<A(§+ A 1) 00
when A2 —4u =0, u #0, A #£0,
_ @A _ N(E4C)
&=Fra(-mgrerm) O

when A2 —4u <0,

aA
u(§) = =4

2
ta <\/4,u—Aztan((\/4p«—/\2/2)(§+C1))_’\)

(98)
and
u® = 2>
+a1< 24
VA —Rcot((y4pu—A2/2)(§+C))—A
(99)
For Sol. 2.

) =) L exple@n+2 /24 qaoo)

Let us discuss the following cases: when A> —4u > 0,
m#0,

(@) = | 2

§ ( — /A2 —4utanh((v/ A2 —4u/2)(£+C))) - /\)
2u

A [224
44—
w

5 (101)
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and
u(®) = | 2
X(_\/)\2—4M00th((\/)\2—4M/2)(§+C1))—)\>
2
+iﬁ =24 (102)
2
when A2 —4u >0, u=0,
(&) = iM\/_zA (exp(/\(f—l—Cl))—l)
w A
A [—24
W e (103)
when A2—4u =0, u#0, A#0,
L [P2A 2+ C)+2)
) == (e )
2 [ (104
when A2 —4u <0,
u(®) = | 2
VA =N ian((/4p = N/2)(§+C)) = A
) < 2u )
+j:% %A (105)
and
u(E) = | 2
VA = N cot((//4m = N2/2)(£+C)) = A
) ( 2u )
-I—j:% _TZA (106)

4. CONCLUSION

In this research, we introduce a new technique namely the
extended exp(—¢(£))-expansion method for the first time
to finding the exact and solitary wave solutions for three
different model of equations which play an important role
in biology and mathematical physics, these equations are
the dynamical system in a new double-Chain model of
DNA, the nonlinear Burger equation with power law non
linearity and the perturbed nonlinear Schrodinger equation
with Kerr law non linearity. From the suggested method
we found that it introduce a more accurate and wide
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range of solutions and these solutions contain the solu-
tions obtained by other methods as tanh method, (G'/G)-
expansion method and modified simple equation method.
This give more interpretation of the biological and phys-
ical properties of the equation studied. We also find that
this proposed method is effective, a reliable and a variety
of exact solutions NPDEs which can be too applied for
many other nonlinear evolution equations.
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