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Abstract

The present research explores, the modified exp (—9(0)) -expansion function method

(MEFM) is tested by applying it to obtain the exact travelling wave solutions for the simplified
MCH equation and the Getmanou equation. Dark optical soliton solutions and dark-bright optical
soliton solutions of the simplified MCH equation and the Getmanou equation are successfully
constructed by using this method. We carry out all the computations and draw the 2D and 3D
graph in this paper by Wolfram Mathematica 9. Besides, the graphical representation obviously
shows forcefulness of this method.
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Mevcut arastirma, Modifiye edilmis exp(—S(a)) -a¢ilim fonksiyon metodunu (MEFM),

basitlestirilmis MCH denklemi ve Getmanou denklemi i¢in tam hareketli dalga ¢dziimlerini elde
etmek iizere uygulayarak test eder. Basitlestirilmis MCH denkleminin ve Getmanou denkleminin
dark optik soliton ve dark-bright optik soliton ¢oziimleri bu yontem kullanilarak basariyla elde
edilmistir. Bu ¢aligmadaki tiim hesaplamalar Wolfram Mathematica 9 tarafindan yapilmis ve 2D
ve 3D grafikleri ¢izilmistir. Ayrica, grafiksel gosterim bu yontemin acgikca giiclinii

gostermektedir.

Anahtar Kelimeler: Basitlestirilmis MCH denklemi; Getmanou denklemi; MEFM; Dark

optik soliton ¢oziimler; Dark-bright optik soliton ¢6ziimler; Mathematica.
1. Introduction

Many phenomena problems in the real world in applied and engineering sciences are
structured by nonlinear evolution equations (NLEEs). In recent years, nonlinear evolution
equations (NLEEs) have become private species of the branch of partial differential equations
(PDEs). Nonlinear evolution equations (NLEEs) are often used to explain a lot of physical events
in the areas such as acoustic waves, hydromagnetic waves, chemistry, meteorology, engineering,
thermodynamic, biology, physics, fluid mechanic, meteorology, optical fibers, heat transfer,
acoustic gravity waves in mathematics. Because of this, most of methods have been developed
and applied for these problems. Some of these methods include Extended simple equation method
[1, 2], The Paul-Painlevé approach method [3], Multiple Exp-function method [4], ETEM [5],
GKM [6]. The goal of this study, MEFM [7, 8] will be used to acquire new exact solutions of the

simplified MCH equation and the Getmanou equation.

Firstly, we consider the simplified MCH equation [9, 10],

s,+2as . —s,, +PBs’s, =0 aeR,B>0 (D)
where o and [ are constants. Wazwaz [11] investigated a modified form of the Camassa-

Holm equation, which was simplified from the MCH equation and the equation expressed in Eqn.
(1) is called the simplified MCH equation.

Secondly, we investigate the Getmanou equation [12, 13],

+Sx—s’2—s(l—s2)=0 )

1-s

N

xt

Getmanou equation possesses high nonlinearity [13]. Fan studied the single traveling wave

solutions based on the complete discrimination system of the fifth-order polynomials [13]. The
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trial equation method combined with complete discrimination system for polynomial has been

used to solve the Getmanou equation [12].

Here, our aim is to find new exact solutions of the simplified MCH equation and the
Getmanou equation by way of suggest method. In Section 2, we explain methodology. In Section

3, we apply suggest method to the simplified MCH equation and the Getmanou equation.

2. Materials and Methods

For a known nonlinear partial differential equations are given as follows:

K(s,s,,sx,sy,sﬂ,sxx,syy,---)=O, 3)

where s =5 (x, V,Z,t ) is an obscure function.

Step 1: Getting the transmutation as

S(x,y,t)zS(O'), o=x+y+z—ct, 4)

Eqn. (2) is turned into the following nonlinear equation:
L(S, S!,s”, S”” .. -) = O. (5)
Step 2: Taking the following equation for Eqn. (5) as solution:

i

, exp(—S(O')):' :AO+Alexp(—19)+---+ApeXp(p(_‘9))

I: . (6)
> B [exp(—S(cr))]J By + B, exp(=9)+---+ B, exp(q(~9))

2

described as;

19'(0')=exp(—g(d))+aexp(3(a))+b. (7)

Eqn. (7) has the following solution families:

Family 1: When a # 0, b* —4a >0,

9(o)=In tanh

2a

(T} ]

Family 2: When a #0, b> —4a <0,
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9(0‘)zln{$tanh(¥(a+E)J—2b—aJ. ©)

Family 3: When a =0, b#0,and b° —4a >0,

b
19(6):_ln(exp(b(G+E))—1} (10)

Family 4: When a #0, b #0,and b° —4a =0,

2b(c+E)+4
G =In| — . 11
(@) “[ b (o1 E) J (ah
Family 5: When a=0, b=0,and b> —4a =0,
9(o)=In(c+E). (12)

where 4, B, (O <i<p,0<j< q),E,b, a are constants to be obtained later.

Step 3: Setting Eqn. (6) and Eqn. (7) into Eqn. (5), a system of e "“) can be obtained. We

solve  this system by using Mathematica to identify the coefficients
4,,B,,(0<i<p,0<j<q),E,b,a.

3. Application of MEFM

3.1. Example: The simplified MCH equation

Getting the transformation as

s=s(&), E=x—ct, (13)
Eqn. (1) demeans
(20{—c)s—i-cs”+§s3 =0 (14)

By use of balance principle in Eqn. (14), we get

p=q+l. (15)
Ifweget g=1so p=2,wehave
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g = Ay + 4 exp(—9)+A2 exp(Z(—S)) _ I 16
- B, + B, exp(-9) K2 (1o
and
, YY-9'Y
S=—gr (17)
o YW WY (YY) PR 2 () Y

p ’ (18)

Thus, a system of e ") can be obtained. We solve this system by using Mathematica to identify

the coefficients Aj,Bj,(OSiSp,OSqu),E,b,a,

Case 1:

1

2 2
AO:bAZB0 ,AlzlAz b+% ,c=—'BA§ va:l 2+b2+%L§1 : (19)
2B, 2 B 65, 4 B4,

According to Eqn. (19), dark optical soliton solution for Eqn. (1) is gotten

24a B!
~24aB? + ﬂAj[—2+b —2- ;421 tanh[r(x,t):lj

2

S (x,t) = - , (20)
284,B, [b+ /—2— 220;? tanh[r(x,t)]j

2 2
r(X,t)=%[E+x+t6ﬂ;2j _2_2ZZ§1 .
1 2

where
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. S1(%,0)
.

s1.X%,t.

Figure 1: Three-dimensional and two-dimensional plots of imaginary values of Eqn. (20) for 4, = 4,B; =
4, E=05b=03,a=3=3,-10<x<10,-10<t <10and t = 0.3 for 2D plot

Case 2:

A0:_6aBOBl+A1(BO B J’AZZAIB]

BA 2B, 8B, 2B,
(21)

2
SREL N U (N SR D7
B 4 pA> B 24B’

1

According to Eqn. (21), dark-bright optical soliton solution for Eqn. (1) is found

sech[ z(x,0)| (847 +48aB; )(~P+ B4 (B, - B}))

K (2B, + MB, tanh[ & (x,1)])(P+L (B, +2B,M tanh[ k (x,1)]))’ (22)

S, (x,t) =—

2 A +24(E+x)B2\M
48“f°,P=48aB§Bl, z(x,t)=(tﬁ [ H24(E ) B)

where M = |1+ 5
BA, 48B;

and

2

k(x,t)z%(E+x+t2’igl jM, K=4B4B,, L=pA4..

2
0
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s2. Xt

0.01

Figure 2: Three-dimensional and two-dimensional plots of imaginary values of Eqn. (22) for 4, = 0.2,
By =03B, =01 E=01,b6=03,a=1=-7 —15<x <15 -5 <t < 5andt = 0.01 for 2D plot

Case 3:
2
A, =l(—1+b2)A 12aB, 4 _p4 =25
4 Bb* A4, b
(23)
2 42 2
L Af ,a L —1+b ——4802{3‘; )
24B; 4 pb° A,
According to Eqn. (23), dark-bright optical soliton solution for Eqn. (1) is procured
sech[ /i(x,t) [ (Bb* (~1+b%) 43 —48aiB; )(Bb> 4] +43aB; )
S, (x,t) =— (24)

L(b+Ptanh[h(x,t)])(M+,352A22 (1+thanh[h(x,t)])) ,

2 2
where P = 1+48aTBg) h(x, ) E+x tﬂb A2 P, L=4pbA,B, ,M=480{BO2.
pb A 2 248
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s3.%,t.
0.1

AIAE AT AT AL IN

Figure 3: Three-dimensional and two-dimensional plots of real values of Eqn. (24) for A, = 3,B, =
2,Bi=3E=01b=-1a=-1,=1,-10<x<10,-10 <t < 10 and t = 0.1 for 2D plot

Case 4:
B{Al _z@BOJ ixJ6cB, v6B,
4= B, _ileen ,  p
Bl b 2 \/E b 3B1 b

(25)

Y —BA} +2i\J6cBAB,+6cB; +3(c—2a)B;
6¢B’ '

According to Eqn. (25), dark optical soliton solution for Eqn. (1) is obtained

36 (c—2a) B, +3Je |1 +2§‘ (iv284,+243¢B, ) tanh [ £ (x,)]

s, (x,1) = , (26)

g -3l (2 wonl (]

where f(x,t)=(E—ct+x),/—%+g.
c
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s4.%t
0.005

15

Figure 4: Three-dimensional and two-dimensional plots of real values of Eqn. (26) for ¢ = —0.1,a = 3,
B =-05-15<x<15-10<t<10,E = 0.3 and t = 0.005 for 2D plot

Case 5:

B; ’ 24,B
N i
4 Bl ﬁAZ Bl

27)
P4, 2B, 1 B 3aB
6B B '

b

According to Eqn. (27), dark-bright optical solution for Eqn. (1) is attained

sech| 1 (x.0)| (B4 +12aB] )(12aB; + p4; (-4B; + B )
P(28, +MB, tanh [k (x.) ])(K + B4; (B, +2B,M tanh [k (x.1)]))

/ : tBA? +6(E+x)Bl )M
where M = 1+1’2;j4§1 , P=2p4,B, f(X,t)z( i ( +x) l) and
2

128’

ss(x,1)= , (28)

2
k(x,t)=%[E+x+t6ﬁ;2 JM . K=12aB}.

1
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s4. Xt
0.005

1

Figure S: Three-dimensional and two-dimensional plots of real values of Eqn. (28) for 4, = 4,B, = —1,
B, =-5E=03a=3, f=-5 —25<x<25-10<t<10andt = —0.05 for 2D plot

In Figs. 1-2, we plot two and three dimensional graphics of imaginary values of Eqn. (20)
and Eqn. (22), which demonstrate the vitality of solutions with suitable parametric choices. Then,
in Figs. 3-5, we draw two and three dimensional graphics of real values of Eqn. (24), Eqn. (26)

and Eqn. (28), which indicate the dynamic of solutions with suitable parametric choices.
3.2. Example: The Getmanou equation

Getting the transformation as

s=s(&), E=x—ct, (29)
Eqn. (2) demeans

c(sz—l)s”—c(s')z—ss+2$3—s=0. (30)

By use of balance principle in Eqn. (30), we get

p=q+l. (31)
Ifweget g=1so p =2, wehave

o Ay + A exp(-9)+ 4, exp(2(-9)) _x 2
- B, + B, exp(-9) ¥’
and
S’ = w, (33)

\PZ
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Y Y (P Y)Y+ 2(W) T

5 3 ’ (34)

(o)

-9 . . . .
Thus, a system of € can be obtained. We solve this system by using Mathematica to

identify the coefficients Ai,Bj ,(OSiSp,OSqu),E,b,a,

Case 1:
4= 2B, , A23202 . B} A = 24,8, , 2B, om A;Z
3 B’ 364, B, 3 2B,
35)
p_ 2B, 5B 5B B’ N B’

34, 34, B’ 364,

According to Eqn. (35), dark-bright optical soliton solution for Eqn. (2) is procured

12(—1+8sech [f(x,t)]z)AzBoBf
((Bl2 +K(5-246 tanh[ £ (x,1)]))(K + B} (5+2/6 tanh [f(x,t)])))
B (~5+4sech[ £ (x.0) ] =246 anh[ / (x.1)]) (36)
((Bf +K(5-2v6 tanh[ £ (x.)]))(K + B (S +2«/3tanh[f(x,t)])))
. 36 A2B’ (—5 +4sech[ f(x1)] +246 tanh| f(x,t)])
((Bf +K (5-2/Ganh[ £ (x,1)])) (K + B (3 +2x/€tanh|:f(xat):|)))
where f (1) = \/%(EE+X— 2"2222 j% K =64,B,.

1

s (x,0) =] +
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Figure 6: Three-dimensional and two-dimensional plots of solution Eqn. (36) for the values 4, = 5,B, =
0.2,B; =2,E=3,-15<x<15-15<t <15 and t = 0.3 for 2D plot

Case 2:

_ 2B, 2¢B? B 2 ~
A==+ 5 +36\/Z,Al_5(3\/@30”31),/12_\/ZB1

(37
5 2B, 1 (1 12B,Jc+5V2B,
b= +—a=—| —+
3W2¢ B 72( ¢ JeB?
According to Eqn. (37), dark-bright optical soliton solution for Eqn. (2) is found
2
8sech| g(x,t)| P—2K +8v3(72¢B? — B* Jtanh| g (x,¢
[e(x0)] B(mer g )anla(] o

O e (LB (e ) + [+ 5 b (1))

EE—ct+x

Ve

P =T722cB? +48\cB,B +\2B> ,M =12/cB,.

where g(x,f) = , K =360N2cB? +24cB,B, +5\2B?, L =52 and

In Figs. 6-7, we plot two and three dimensional graphics of Eqn. (36) and Eqn. (38), which

show the vitality of solutions with suitable parametric choices.
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S2(X,t) S X0t
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03
02

0.1

20 10 0 10 20

Figure 7: Three-dimensional and two-dimensional plots of solution Eqn. (38) for the values 4, = 0.4,B, =
—8,B; = 0.015,F = —2.5,-15<x <15,-15 <t < 15and t = 0.1 for 2D plot

4. Conclusion

In this study, the simplified MCH equation and the Getmanou equation are researched by
via a MEFM. After, we draw 2D and 3D graphs of dark optical soliton solutions, dark-bright
optical soliton solutions of this equation by use of Mathematica. Soliton solutions are of two types
as dark soliton and bright soliton. If there is a solution of type sech hyperbolic function, it is called
a bright soliton solution and if there is a solution of type tanh hyperbolic function, it is called a
dark soliton solution [14]. Solutions are called dark-bright solitons if they contain the sech and

tanh functions at the same time.

From the obtained results, it has been deduced that MEFM is highly credible and strong in
the sense that finding exact solutions. The solutions we obtained from equations are new solutions
brought to the literature. The research shows that the MEFM algorithm is productive and can be

used for many other NLEEs in mathematical physics.
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