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l. [NTRODUCTION

The nonlinear equations of mathematical physics are major subjects in physical science [1].
Exact solutions for these equations play an important role in many phenomena in physics such
as fluid mechanics, hydrodynamics, Optics, Plasma physics and so on. Recently many new
approaches for finding these solutions have been proposed, for example, tanh - sech method
[2]-[4], extended tanh - method [5-7], sine - cosine method [8]-[10], homogeneous balance method
[11]and [12], Jacobi elliptic function method [13]-[16], F-expansion method [17]-[19], exp-function

method [20]-[21], trigonometric function series method [22], (%)— expansion method [23]-[26],

the modified simple equation method [27]-[32] and so on.

In the present paper, we shall proposed a new method which is called exp-¢(€)-expansion method
to seek traveling wave solutions of nonlinear evolution equations. The main ideas of the proposed
method are that the traveling wave solutions of nonlinear evolution equation can be expressed
by a polynomial in exp-p(§).

The paper is organized as follows: In section 2, we give the description of exp-p(&)-expansion
method. In section 3, we use this method to find the exact solutions of the nonlinear evolution
equations pointed out above and some figures of our results are drawn. In section 4, conclusion
are given.

[I. DESCRIPTION OF THE EXP(=p(¢))-EXPANSION METHOD
Consider the following nonlinear evolution equation
F(uvutaul‘vuttvu:rxa"") :()7 (2]‘)

where F is a polynomial in u(x, t) and its partial derivatives in which the highest order derivatives
and nonlinear terms are involved. In the following,we give the main steps of this method
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Step 1. We use the wave transformation
u(a,t) =u(®), E=z—ct, (2.2)

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

where P is a polynomial in u(§) and its total derivatives,while ' = %I.

Step 2. Suppose that the solution of ODE(2.3) can be expressed by a polynomial in exp(—¢(€))
as follows

u() = am (ezp(—¢(£)))"™ + ...y am #0, (2.4)
where () satisfies the ODE in the form
¢'(§) = exp(—p(£)) + nexp(p(§)) + A, (2.5)

the solutions of ODE (2.5) are
when A2 —4p > 0,1 # 0,

—/ A2 —4u tanh ( Y /\22_4“ (§+C'1)> -

o(&) = In o , (2.6)
when A2 —4p > 0,1 = 0,
A
= —In , 2.7
o0 =0y =) 27
when A2 —4pu =0, # 0, # 0,
2(A(E+Ch) +2)>
—n(— , 2.8
o6 =i (-2 EE (25)
when A\ — 4 =0, =0,A=0,
(€) =In(E+Ch), (2.9)
when A2 — 44 < 0,
4p — \? tan < Y 4‘;_>\2 &+ C'l)> —A
(€)= In o , (2.10)
where a,,, ...., A, 4 are constants to be determined later,

Step 3. Substitute Eq.(2.4) along Eq.(2.5) into Eq.(2.3) and collecting all the terms of the same
power exp (—m(€)) and equating them to zero, where the positive integer m can be determined
by considering the homogeneous balance between the highest order derivatives and nonlinear
terms appearing in ODE(2.3). We obtain a system of algebraic equations, which can be solved
by Maple or Mathematica to get the values of «;.

Step 4. substituting these values and the solutions of Eq.(2.5) into Eq.(2.3) we obtain the exact
solutions of Eq.(2.3).

a) Examplel. The nonlinear Burger equation with power law nonlinearity.

This equation is well known [33] and has the form:

v+ a(v")g 4+ bugy = 0,m > 1, (2.11)
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where a and b are nonzero constants. The solutions of Eq.(2.11) have been discussed, the exact
solitary wave solutions, the periodic solutions and the rational function solution are obtaines in
[33] by means of the extended (%) -expansion method. Let us now solve Eq.(2.11) using the
exp(—¢(€))-expansion method. To this end, we use the wave transformation (2.2) to reduce
Eq.(2.11) to the ODE and integrating the equation with zero constant of integration:

—cv+av” + ' =0. (2.12)

Balancing v" with v™ yields m = ﬁ, n > 1. Using the transformation

v=unr-T1, (2.13)
to reduce Eq.(12) to the following equation
—c(n—Du—+aln—1)u+bu =0, (2.14)

where u is a new function of £&. Balancing v/ with u? yields m = 1. Consequently, Eq.(2.1) has
the formal solution
u = ap+ arexp(—p), (2.15)

where ag and a7 are constants to be determined, such that a; # 0. It is easy to see that
U = —arexp(—2p) — pay — Aazexp(—p), (2.16)

substituting Eq.(2.15) and its derivatives in Eq.(2.1) and equating the coefficient of different
power’s ofexp(—p(§)) to zero, we get

a(n —1)a? —bag =0, (2.17)
—v(n—1)a; +a(n —1)(2apaq) — bAay =0, (2.18)
—cag(n —1) +a(n — 1)ad — buay =0, (2.19)

Egs.(2.1)-(2.19) yield

bA v b
_ oo b 9.2
a0 2a(n —1) + 2q” a(n —1) (2:20)
thus the solution is
bA v b

_ v —ern(— 2.21
“ 2a(n — 1) + 2a + a(n —1) erp(=¢) (2.21)

Let us now discuse the following case:
Case 1. if A2 —4p > 0, # 0. then we deduce from Eq.(2.21) that

we) = —A LUy 2y (2.22)

W T e e g o)

Case 2. if A2 — 4 > 0,1 = 0. then we deduce from Eq. that

__ b 2bu
~ 2a(n—1) + 2a + a(n —1) [exp(A +¢1) —1]° (2.23)

Case 3. if A2 — 4 =0, # 0,\ # 0. then we deduce from Eq. that

u(§)

bA A bAZ(E + 1)
2a(n—1)  2a 2a(n—1)[AME+c1)+2]

u(€) = (2.24)
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Case 4. if \2 — 4y =0, = 0, = 0. then we deduce from Eq. that

bA ) b
“5un-1) 2% Tam-DETal (229)

u(§)

Case 5. if \> — 441 < 0, then we deduce from Eq. that
bA v 2bu
2a(n—1) * 2a a(n —1) [ 4p — Ntan(~ A2 (E+c))—A

(2.26)
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(b) Eq.(3.23) (¢) Eq.(3.24)

(d) Eq.(3.25) (e) Eq.(3.26)
Figure 1 : solution of Egs.(3.22)-(3.26)

b) Example2. The perturbed nonlinear Schrodinger equation with Kerr law nonlinearity.

This equation is well-known [34],[35] and has the form:
. 2 . 2 2 _
iU + Uge + afu|“u + i {’ylumx + volul“uy + v3(|ul )Iu} =0, (2.27)

where «, 71, 72, 3 are constants such that ~; is the third order dispersion, ~» is the nonlinear
dispersion, while 73 is also a version of nonlinear dispersion [36],[37]. Eq.S1 describes the propa-
gation of optical solitons in nonlinear optical fibers that exhibits a Kerr law nonlinearity. Eq.S1
has been discussed in [35] using the first integral method and in [34] using the modified mapping
method and its extended. Let us now solve Eq.S1 using the exp(—¢(§))-expansion method. To
this end we seek its traveling wave solution of the form [34],[35]:

u(z,t) = ¢(&)expli(ke — )], £ =z — ct, (2.28)
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nonlinear Schrodinger equation with Kerr law nonlinearity, Appl. Math. Comput., 216

[34] Z. Y. Zhang, Z. H. Liu, X. J. Miao and Y. Z. Chen, New exact solutions to the perturbed
(2010) 3064-3072.

where k£ , Q2 and ¢ are constants,while ¢ = v/—1. Substituting S2 into Eq.S1 and equating the
real and imaginary parts to zero, we have

e+ (2k — ¢ — 371k3)¢ + (12 + 273)8%¢ =0, (2.29)

and
(1—3v1k)¢" + (2 — k2 +71k>)¢ + (a — 12k)¢® = 0. (2.30)

With reference to [34], the two equations (2.29) and (2.30) can be simplified as follows:
Integration Eq.(2.29) and vanishing the constant of integration, we have

1 ].
yd + (2k —c — 3v1k?)p + g(fyg + 2793)¢° = 0, (2.31)

From Eqgs.(2.30) and (2.31) we deduce that

04! _ 2k —c — 3’71]@'2 _ %(72 + 2")/3) (2 32)
1-3m1k  Q—k24yk3 a—yk '
From Eq.(2.32), we can obtain k = ﬁ, Q= (17371’“)(257673%’“2) + k% — y1k3, where
w = %’)/2 + %73. Now, Eq.(2.32) is transformed into the following form:
A¢" + Bo+we® =0, (2.33)

where A = v, and B = 2k — ¢ — 3yk%. Balancing ¢" with ¢ yields m = 1. Thus, we get the
same formulas (2.15). Substituting (2.15) and its derivatives into Eq.(2.33) and equating the
coefficients of exp(—my) to zero, we get

201 A + wai =0, (2.34)

3\a1 A + 3apaiw = 0, (2.35)

Aoy (A2 4 2p) + 3021w + Bag =0, (2.36)
Ao A + wal + Bag = 0 (2.37)

Eqgs.(2.34)-(2.37) yields

[—A [|—2A
—A —2A
u=F\/ o 4/ - exp(—p) (2.39)

Let us now discuse the following case:
Case 1. if A2 — 4 > 0, # 0. then we deduce from Eq.(2.33) that

w\/j \/7 /2 =4 tan th/Lier D-A] 24

Case 2. if A2 — 4y > 0, u = 0. then we deduce from Eq.(2.33) that

[—A [—2A A
= FA 2w + w |:61‘p()\f +c1)—1]7 (241)
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Case 3. if \2 —4p =0, # 0, X # 0. then we deduce from Eq.(2.33) that

]FA\/TA \/_TA[ gi;cll 2)] (242)

Case 4. if \2 — 4y =0, = 0, = 0. then we deduce from Eq.(2.33) that

/—A /—2A
A
- [€+01] (2.43) Notes

Case 5. if A2 — 4 < 0, then we deduce from Eq.(2.33) that

—A —2A 2
u(€) = :FM/ ,/ m N (2.44)

4p — N2 tan( (+c1)) —

(d) Eq.(3.43) (e) Eq.(3.44)
Figure 2 : solution of Eqgs.(3.40)-(3.44)

[1I.  CONCLUSIONS

In this paper, it has been shown that the new exp(—(¢))-expansion method is a powerful tool for
the nonlinear evolution equations. we can obtained new and more travelling wave solutions for
the equations above , such as, the nonlinear Burger equation with power law nonlinearity, the
perturbed nonlinear Schrodinger equation with kerr law nonlinearity.. Otherwise, the general
solutions of the ODE have been well known for the researchers. Furthermore, the new method
can be used for many other nonlinear evolution equations.
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