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Abstract: In this study, the traveling wave solutions of the (3 + 1) -dimensional potential
Yu-Toda-Sasa-Fukuyama (YTSF) equation are get using the modified exponential
function method (MEFM). It has been observed that the obtained solution functions are in
the form of trigonometric, hyperbolic and rational functions. The solution functions that
arose from the process of the method are checked by Wolfram Mathematica software and
it has seen that they satisfy the (3 + 1)- dimensional potential Yu-Toda-Sasa-Fukuyama
(YTSF) equation. Two and three dimensional, contour and density graphs of the solution
function are found by determining the appropriate parameters.

Akiskanlar Mekaniginde Dogrusal Olmayan Dalga Céziimlerinin incelenmesi

Anahtar Kelimeler

Gelistirilmisg iistel
fonksiyon metodu,
(3+1)-Boyutlu Yu-
Toda-Sasa-
Fukuyama
denklemi,

Oz: Bu calismada, (3+1) boyutlu potansiyel Yu-Toda-Sasa-Fukuyama (YTSF)
denkleminin yiiriiyen dalga ¢oziimleri degistirilmis {istel fonksiyon yontemi (MEFM)
kullanilarak elde edilmistir. Elde edilen ¢6ziim fonksiyonlarinin trigonometrik, hiperbolik
ve rasyonel fonksiyonlar seklinde oldugu goriilmiistiir. Yontemin isleminde ortaya ¢ikan
¢oziim fonksiyonlar1 Wolfram Mathematica yazilimi ile kontrol edilmis ve (3+1) boyutlu
potansiyel Yu-Toda-Sasa-Fukuyama (YTSF) denklemini sagladiklar1 goriilmistiir. Coziim
fonksiyonunun iki ve ii¢ boyutlu, kontur ve yogunluk grafikleri uygun parametreler

Hareketli dalga belirlenerek bulunur.

¢Oziimleri

1. INTRODUCTION

Nonlinear partial differential equations and the solutions
of these types of equations are used in physics,
engineering, health, and social sciences, etc. They have
an essential place in the branches of science because
such equations represent the mathematical model of a
given event. In the literature, there are various methods
for obtaning the numerical or analytical solutions of such
equations. Some of these methods in the literatiire are,
the generalized Bernoulli sub-equation function method
[1-2], the trial equation method [3-7], the modified,
extended tanh-function method [8-9], the first integral
method [10], generalized tanh function method [11], the
modified exponential function method [12-16] and many
more methods.

In this study, we consider the (3+1) dimensional
potential YTSF equation given in the following [17-19],

+4u,u

—Ay + Uy Uz +2Uy U, +3uyy =0. (1)

The mathematical model in equation (1) has an
important place in plasma physics and fluid dynamics.
There are various methods in the literature [20-25] for
the solutions of equation (1). In the second part of this
study, the modified exponential function method is
introduced. In the third part, the solutions for the (3 + 1)-
dimensional YTSF equation are obtained by applying
MEFM. Besides that two and three dimensional and
contour graphs are presented. The conclusion part is
given in the end.
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2. MATERIALS AND METHODS

Let us consider the general form of the nonlinear partial
differential equation for the modified exponential
function method as follows;

P(U'Ux*Uy'Uz*Ut'Uxx*Uxt'Uyy'Uxxxz"")=0’ (2)
where U =U(x,y, z,t) is the unknown function.

Step 1. The wave transformation given below is
considered for the independent variables of equation (1),

U(x,y,z,t)=U(§),§=k(x+y+z—ct), 3

The terms k and c in the wave transformation are
constants. If the solution function U (&) in (3) and the
related derivatives are substituted into (2), a nonlinear

ordinary differential equation is obtained as in the
following form,

N(U,U',(U’)Z’U"’UW’”'):O’ (4)

the general form of the nonlinear ordinary differential
equation is get.

Step 2: According to this method, the solution function
of equation (1) is as follows;

_:go A exp(-(s ))]i
U (5) = Im I
ZyBi[e0(-2(0)] (5)

_ Ay +Alexp(—Q)+---+An exp(n(—Q))
By + B exp(—Q) +---+ B exp(m(-Q))’

where A, B; .(0 <i<n,0<j< m) are constants. The

balancing procedure is applied to the nonlinear ordinary
differential equation (4) obtained by using the wave
transformation. In other words, by balancing the term
having the highest order derivative and the nonlinear
term in equation (4), the relation between m and n is
obtained. By determining the parameters that satisfy the
this balancing relation, the upper limits of the summation
symbols in equation (5) are revealed.

The Q(f) function that situated in (5) satisfies the
following ODE [27].

Q’(f) =exp (—Q(.f))+yexp (Q(f))w%. (6)

2
Family 1: When ##0, A" =41 >0,
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Family 2: When 4 #0, /12 —4u <0,

2 2
\/—ﬂ, +4u tan(\/—ﬂ, 2+ 4u &+ E)J

a(e)=m|

8
2u

Family 3: When #=0,4#0and 22 —4u >0,

0(¢)= _In[exp(z(; E))—J' ®)

Family 4: When # #0, 4 #0 and 22 -4u=0,

2A(E+E)+4
:I e IE—— Y
) n( 12<§+E>j (19

Family 5: When #=0, 2=0and 22 -4u=0,

Q(&)=In(&+E). (11)

Step 3: The substitution of (5) into NLODE (4),
considering (6), produces an algebraic equation system

consisting of coefficients Ay, A,..., Ay, By, Bys-.., By
When this system of equations is solved with the help of
the Mathematica program, the traveling wave solutions
that satisfy equation (1) are obtained.

3. APPLICATIONS

By using the traveling wave transformation (3), equation

(2) return to the following nonlinear ordinary differential
equation,

(4c+3)U" +Kk2U" +3k (U)° =o0. (12)

If U'=V transform is applied in order to make integral
operations with ease in equation (12),

(4c+3)V +kZV"+3kV? = 0. (13)
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In equation (13), if the equalization term is applied

between V" and V2 according to the definition given
above,

M+2=N. (14)

If M =1 is chosen so as to provide the equality in
equation (14), N =3 is obtained. In this case, the
necessary derivative terms in equation (5) and the
nonlinear ordinary differential equation are obtained as
follows:

v(£)-= v _At Aie‘Q(f) N Aze—ZQ(ff) . Age_SQ(‘f)

0 By +Be ) |
V,(§)=W¢_2W¢ ‘ (15)
¢
L Ve -0 (v e ) ot +2(v) e
v (§)= ]
0
CASE 1:
A - A% AqB, | B+40)BoB
4B, A3
1 4By | (3+4c)B,°
=—4 A+ + ,
A )
4B Ay
A = Ag(ﬂﬁoj, k=-—+,
B, 2B
2

2
/LJF (3+4c2)B1 .

= A
Using the obtained coefficients, let's investigate the

traveling wave solutions of equation (1), considering the
following family cases.

Family-1:

[T

2 ~4(3+4c)(-2u-a-218)B}

Via(¢)= .(16)

o]

Where & = (4% ~2u)Cosh[ ], # = /4° ~ 4usinh[4)],
p=\2% —4u(EE+¢&).

Integrating both sides of the equation U'=V with
respect to ¢ gives,
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(i _4#)[—2/1 +2° (EE+ 5)-}

2u(EE +¢)
+2(,12_4y)y(EE+§)COSh[¢] A3

-4~/12 ~4ppsSinh[4)]

. (17)

Uy (5) =

(4(/12 —2,u+2,uCOSh[¢])Bl)
+(3+4c)(EE+.§)B1

Uralxt) Yrax)

“‘u(U)

0

Figure‘l. Three-dimensional, contour and density plots of solution (17)

1 79
forthe values Ag =1,c=-2,B =2, 1=Lk=-—,u=-—,
4 4

y=-1,z=1 EE =0.75and t =1 for the two-dimensional graph.

Family 2:

{1 T (22 - 4u)(2u-0+c) At +
Sec| —7
4(3+4c)(-2u-0+¢)B?

o]

(18)

Vip(¢)=-

Where ¢ = /1«}—22 + 4ySin[r], o= (22 - 2/4) Cos [z‘],
r=\-22 +4u(EE+ ).

The solution Uy, (&) is obtained by integrating the
function V, , (&) with respectto & .
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Uit

(2% -au)(-22+ 22 (EE+£)) +
2((/12 —4”)”(EE+§)COS[T]+4jng3

(4(2 -2+ 2ucos[]) B, )+

(3+4c)(EE+¢)B, S,
Ay B wagn |

U, (¢)= (19)

Uralet)

Uy 20xt)

Figure 3. Three-dirhensional, contour and density ﬁlbts of solution (21)
forthevalues Ay =2,c=-1,B, =1, A1=1k=-1 u=0,

/4

" w B : M y=-12=1LEE=0.75 and t=1 for the two-dimensional
| graph.
Family 4:
X 2
1 A 3+4c
Vi, ()= TR G LY PS

(2+/1(EE+§))281 Ay

Integrating equation (22) with respect to &, solution 171

Figure 2. Three-dimensional, contour and density plots of solution (19) U1,4 (é:) is derived as in the following,

8
for the values =20,c=1B =2,A=1Lk=-5 u=—,
A3 B, 1= 0ea() = A . (3+4c)¢B, 23)
y=-1,z=1EE=0.75 and t=1 for the two-dimensional L4\>)~ (2+A(EE +§)) B, A, :
graph.

Family 3:

2
AZCOth[ll(EE+§)} Ay
V(8= 5 ; (3+::)Bl. (20)

- Uialxt)

Integrating equation (18) with respect to &, solution
Uy 5(&) is derived as in the following,

ArcTanh [Tanh B A(EE+ g)ﬂ -
A3

1
Coth [zl(EE + 5)} ) 21)
2B, |
(3+4c)eB, T

wo s 3 10 -10
A A Figure 4. Three-dimensional, contour and density plots of solution (23)

Ag

A

Us (5) =

3
for the values AS=2,C=—Z,Blzl,ﬂ=2,k=—1,,u:1,
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y=-1,2=1EE=0.75 and t=1 for the two-dimensional
graph.

Family 5:

_ Ay (3+4c)B, 24
Vis(£) (EE+§)281+ a (24)

Integrating equation (24) with respect to &, solution
Uy (&) is derived as in the following,

Aq +(3+4c)§Bl. (25)

) e A

Uy s(xt)

Uy slxt)

Upsiet)

Al

!
Figure 5. Three-dimensional, contour and density blbts of solution (25)
3
for the values A3 =2,C=-—, 81:1,/1=0,k=—1,y:0
4

,Yy=-1,2=1LEE=0.75 and t=1 for the two-dimensional
graph.

4. CONCLUSION

In this study, we applied MEFM to the (3 + 1)
dimensional YTSF equation given as a nonlinear
mathematical model. In this research, it was determined
that all analytical solutions obtained in this study satisfy
equation (1). When analytical solution functions are
investigated, it is stated that hyperbolic and
trigonometric functions have periodic function features
and rational functions. All calculations and graphics
were obtained using by Mathematica software program.
The models of two and three-dimensional graphs remind
their physical meaning of traveling wave solutions. If we
analyze more situations and take different coefficient
values, we can obtain more traveling wave solutions.
This MEFM is a reliable technique. The results can help
us to learn about the diffusion processes of the nonlinear
waves in fluid mechanics.
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