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Abstract

In the current study, analytical solutions are constructed by applying (1/G’) -expansion

method to the Kolmogorov—Petrovskii—Piskunov (KPP) equation. Hyperbolic type exact
solutions of the KPP equation are presented with the successfully applied method. 3D,
2D and contour graphics are presented by giving special values to the parameters in
the solutions obtained. This article explores the applicability and effectiveness of this
method on nonlinear evolution equations (NLEES).

Keywords: Kolmogorov—Petrovskii—Piskunov equation, (1/G") -expansion method,
traveling wave solutions, exact solution.

Kolmogorov — Petrovskii — Piskunov denkleminin analitik
¢Oziimleri

Oz

Bu ¢aligmada, Kolmogorov — Petrovskii —Piskunov (KPP) denkleminin analitik
coziimleri (1/G') -a¢ilim ydntemi uygulanarak elde edilmistir. Basarili bir sekilde
uygulanan yéntem ile KPP denkleminin hiperbolik tipte tam ¢oziimleri sunulmustur.
Elde edilen ¢oziimlerdeki parametrelere 6zel degerler verilerek 3 boyutlu, 2 boyutlu ve
kontur grafikleri sunulmugtur. Bu makalede, bu yontemin dogrusal olmayan evrim
denklemleri (NLEE'ler) iizerindeki uygulanabilirligi ve etkinligi arastiriimaktadir.

Anahtar kelimeler: Kolmogorov—Petrovskii—Piskunov denklemi, (1/G’) -a¢ilim
Yontemi, yiiriiyen dalga ¢oziimleri, tam ¢oziim.
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1. Introduction

To search the exact solutions of NLEEs has been hot and an important topic in
mathematics physics for long years. There are various methods for obtain exact
solutions of NLEEs such as sumudu transform method [1], the homotopy perturbation

method [2], the Multistage Variational Iteration Method [3], (G /G) -expansion method

[4,5], extended sinh-Gordon equation expansion method [6,7], sub equation method [8],
(]/G ')-expansion method [9-11], the Clarkson—Kruskal (CK) direct method [12], the

modified Kudryashov method [13], adomian decomposition methods [14-16],
(G’/G,]/G)-expansion method [17], first integral method [18], collocation method [19],

new sub equation method [20], residual power series method [21], homogeneous
balance method [22] and so on [28-37].
Consider the KPP equation [23]

U —u, +Au+w’ +su’ =0, (1)
where v, #and o are real numbers.

This equation has significant place in physics, it also includes the Fisher, Burgers-
Huxley, Huxley, Fitzhugh-Nagumo and Chaffee—Infanfe equations. Studies have been
conducted by many scientists with KPP equation. Some of studies are as follows:
analytical solutions of KPP equation obtained using modified simple equation method
[24], in order to obtain the solutions of KPP equation obtained, HAM was applied [25],
the existence and uniqueness of the solutions of the KPP equation studied [26], new
exact solutions of the KPP equation are attained using first integral method [27].

In this work, we consider the KPP equation. We have been attained exact solutions for
KPP equation using (1/G’) -expansion method.

2. (1/G") -expansion method

(]/G’) -expansion method was first presented as a Phd. thesis by Yokus, the author of
this article, in 2011, [38]. This method is inspired by the (G'/G)-expansion method.
The (G'/G,]/G)-expansion method was brought to literature by another researcher,
inspired by the (1/G’) and (G'/G)-expansion methods. Recently, we see that a lot of

work has been done with the (1/G’) -expansion method [9,10,11,39,40].
We get general form of NLEEs

2
of u, XM M Uy, @)
ot Ox ox

Here, let u=u(x,t)=U (&), &=x—-wt, w=0, where w is a constant and the speed
of the wave. After, we can be converted into following nonlinear ODE for U (¢£):
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p(UU,U"U",..)=0. (3)

The solution of Eq. (4) is assumed to have the form

U(gz):a()JriZ::ai (éj 4)

where a;, (i=0,1..,n) are constants, n is an integer that we will calculate with the
balancing principle and G =G (5) provides the following second order IODE

G"+AG"+u=0, (5)
where A and x are constants to be determined after,

1 L , (6)
G'(¢) ~ .+ Acosh (£2) - Asinh (£2)

where A is integral constant. If the desired derivatives of the Eq. (4) are calculated and
substituting in the Eq. (3), a polynomial with the argument (1/G’) is attained. An

algebraic equation system is created by equalizing the coefficients of this polynomial to
zero. The equation is solved using package program and put into place in the default Eq.
(3) solution function. Lastly, the solutions of Eq. (1) are found.

3. Solutions of KPP equation

The traveling wave transmutation & = x —wt, allows us to convert Eg. (1) into an ODE
for u=U(¢),

-U"-wU'+ pU +vU?+8U° =0. (7

Here we consider the highest order linear term in the Eq. (7) and the nonlinear term.
These terms are U”and U®. Here, when the derivative is taken twice in Eq. (4), it is
written as a polynomial bound to é and the degree of this polynomial becomes n+2.
Similarly, when the third power of the Eq. (4) is taken, it is written as a polynomial
connected to é and the degree of this polynomial is 3n. When these degrees are

equalized according to the homogeneous balance principle n=1is obtained and the
following situation is presented,

U(f):aoJrai(éJ, a, #0. (8)
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Replacing Eqg. (8) into Eq. (7) and the coefficients of the algebraic Eq. (1) are equal to
zero, can attain the following algebraic equation systems

Const :fa, +val +0a =0,

1

ol . fa, —wla, — A%a, +2va,a, +35aia, =0, 9)
2
G,;[] —wua, —3Aua, +val +35a,al =0,
1 3
— | =248, +5a =0
G'[¢]
Casel.

N2Bu _4\/2],2,u
B+ A 2z s NG _ 2p5 -2\2\[52
W= 1 ao Y al - 2 1 V= H
A Js B-4A 22

(10)

replacing values Eq. (10) into Eqg. (8) and we have the following exact solutions for Eq.

(1):

V2pu _a22u
u, (X,t) = \/f; + Js Js (11)

s i ]

o)

Figurel. 3D, contour and 2D graphs respectively for
A=5 A=2, u=-2, =3, J=1valuesofEq. (11).
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Case 2.
2B+ A 2 ([8°4F(2B+2%)
wo ATHPE) \/Eﬂ_J 5
52 5 &8
g 2z JotAt(2p+47) B, 7 4/(5,1 2ﬂ+/1
— Z N N oA s
ﬂ\/5+5 5 e
1 L oz oAt (2p+47) B A 4/5/1 2ﬁ+/1
= | e e 3B S
AT g apr J5+ 5 5 HESP ST #
o [ (2pe ) 5222 (2B+27)
Mz[zﬁ_ﬁl - z[ﬁ 2 el i) ]
5 & 5 5 68
2 [8*AM (2B + A7 2 A2+ A4°
ﬂzé\/ﬁ+i— (Zﬂ )+6,35/12\/£+/1—— (Zﬂ )
5 5 5 5 5 5
2 \[8PA (2B + A 2 2 (2p+27) )
S o AR sz[éﬂ_d / >J w
282 s 6 5§ 6 5
[ﬁ 2 52/12(2ﬂ+/12)]3/2 [ﬂ 22 5%2(2ﬁ+12)jz
—45 +—- - +68° | =+ —-— -
5 5 5 5 5 s

Replacing values Eq. (12) into Eq. (8) and we have the following exact solutions for Eq.

(1)

o —% + Acosh[(—tw+x) 4] - Asinh[(~tw+x) 4]

Figure2. 3D, contour and 2D graphs respectively for
A=5 1=2, u=-2, 6=1 a =1 w=l a,=1 p=2, 6=1valuesofEq.
(13).
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Case 3.
_ 192 _ _ 2
woBE a0, g N N2BNS 22K (14)
A Jo 24
substituting Eq. (14) into Eq. (8), the following solution is obtained
Uy (x,t)=— 24 . (15)
t(p- A2 t(B-A°
Js|-H 4+ Acosh[/l[x(ﬂ )H Asinh{;{x(ﬁ )J]
A A A
u(x,1)

Figure3. 3D, contour and 2D graphs respectively for
A=5 A=1 u=-5 p=3, o6=1valuesofEqg. (15).

4. Conclusion

In this letter, we have been obtained traveling wave solutions for the KPP equation with
the help of (1/G")-expansion method. Hyperbolic type traveling wave solutions of KPP

equation are presented with this powerful and reliable method. Traveling wave solutions
are known to play an important role in many physical phenomena. We consider that the
constants in the traveling wave solutions presented in this study will be much more
valued after they gain physical meaning. Different values for the constants found
solutions for 3D, 2D and contour graphs are presented. Computer technology was
utilized in the construction of these solutions. This method is easy to implement,
reliable and efficient for finding analytical solutions nPDEs.

References

[1] Yavuz, M. and Ozdemir, N., An Integral Transform Solution for Fractional
Advection-Diffusion Problem, Mathematical Studies and Applications, 4-6
October, 442. (2018).

[2] Evirgen, F. and Ozdemir, N., A fractional order dynamical trajectory approach
for optimization problem with HPM, In Fractional Dynamics and Control (pp.
145-155). Springer, New York, NY (2012).

633



[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

BAUN Fen Bil. Enst. Dergisi, 22(2), 628-636, (2020)

Evirgen, F., Analyze the optimal solutions of optimization problems by means of
fractional gradient based system using VIM, An International Journal of
Optimization and Control: Theories & Applications (IJOCTA), 6(2), 75-83,
(2016).

Yokus, A. and Kaya, D., Traveling wave solutions of some nonlinear partial
differential equations by using extended-expansion method, Istanbul Ticaret
Universitesi Fen Bilimleri Dergisi, 28, 85-92 (2015).

Durur, H., Different types analytic solutions of the (1+ 1)-dimensional resonant
nonlinear Schrddinger’s equation using (G'/G)-expansion method, Modern
Physics Letters B, 34(03), 2050036, (2020).

Baskonus, H. M., Sulaiman, T. A., Bulut, H. and Aktiirk, T., Investigations of
dark, bright, combined dark-bright optical and other soliton solutions in the
complex cubic nonlinear Schrodinger equation with d-potential, Superlattices
and Microstructures, 115, 19-29, (2018).

Cattani, C., Sulaiman, T. A., Baskonus, H. M. and Bulut, H., On the soliton
solutions to the Nizhnik-Novikov-Veselov and the Drinfel’d-Sokolov
systems, Optical and Quantum Electronics, 50(3), 138, (2018).

Durur, H., Tasbozan, O., Kurt, A. and Senol, M. New Wave Solutions of Time
Fractional Kadomtsev-Petviashvili Equation Arising In the Evolution of
Nonlinear Long Waves of Small Amplitude, Erzincan University Journal of
the Institute of Science and Technology, 12(2), 807-815.

Yokus, A. and Durur, H., Complex hyperbolic traveling wave solutions of
Kuramoto-Sivashinsky equation using (1/G') expansion method for nonlinear
dynamic theory, Journal of Balikesir University Institute of Science and
Technology, 21(2), 590-599, (2019).

Yokus, A. and Kaya, D., Conservation laws and a new expansion method for
sixth order Boussinesq equation, In AIP Conference Proceedings (Vol. 1676,
No. 1, p. 020062), (2015).

Durur, H. and Yokus, A., (1/G)-A¢ilim Metodunu Kullanarak Sawada—Kotera
Denkleminin  Hiperbolik Yiiriiyen Dalga Coziimleri, Afyon Kocatepe
Universitesi Fen ve Miihendislik Bilimleri Dergisi, 19(3), 615-619, (2019).
Su-Ping, Q. and Li-Xin, T., Modification of the Clarkson-Kruskal Direct
Method for a Coupled System, Chinese Physics Letters, 24(10), 2720, (2007).
Kumar, D., Seadawy, A. R. and Joardar, A. K., Modified Kudryashov method
via new exact solutions for some conformable fractional differential equations
arising in mathematical biology, Chinese journal of physics, 56(1), 75-85,
(2018).

Kaya, D. and Yokus, A., A numerical comparison of partial solutions in the
decomposition method for linear and nonlinear partial differential
equations, Mathematics and Computers in Simulation, 60(6), 507-512,
(2002).

Kaya, D. and Yokus, A., A decomposition method for finding solitary and
periodic solutions for a coupled higher-dimensional Burgers equations, Applied
Mathematics and Computation, 164(3), 857-864, (2005).

Yavuz, M. and Ozdemir, N., A quantitative approach to fractional option pricing
problems with decomposition series, Konuralp Journal of Mathematics, 6(1),
102-109, (2018).

Yokus, A., Kuzu, B. and Demiroglu, U., Investigation of solitary wave solutions
for the (3+1)-dimensional Zakharov—Kuznetsov equation, International Journal
of Modern Physics B, 33(29), 1950350, (2019).

634



[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

DURUR H., YOKUS A.

Darvishi, M., Arbabi, S., Najafi, M. and Wazwaz, A., Traveling wave solutions
of a (2+ 1)-dimensional Zakharov-like equation by the first integral method and
the tanh method, Optik, 127(16), 6312-6321, (2016).

Aziz, |. and Sarler, B., The numerical solution of second-order boundary-value
problems by collocation method with the Haar wavelets, Mathematical and
Computer Modelling, 52(9-10), 1577-1590, (2010).

Kurt, A., Tasbozan, O. and Durur, H., The Exact Solutions of Conformable
Fractional Partial Differential Equations Using New Sub Equation
Method, Fundamental Journal of Mathematics and Applications, 2(2), 173-
179, (2019).

Durur, H., Senol, M., Kurt, A. and Tasbozan, O., Zaman-Kesirli Kadomtsev-
Petviashvili Denkleminin Conformable Tiirev ile Yaklasik Coziimleri, Erzincan
University Journal of the Institute of Science and Technology, 12(2), 796-
806, (2019).

Rady, A. A., Osman, E. S. and Khalfallah, M., The homogeneous balance
method and its application to the Benjamin—-Bona—Mahoney (BBM)
equation, Applied Mathematics and Computation, 217(4), 1385-1390, (2010).
Feng, J., Li, W. and Wan, Q., Using G’ G-expansion method to seek the
traveling wave solution of Kolmogorov—Petrovskii—Piskunov equation, Applied
Mathematics and Computation, 217(12), 5860-5865, (2011).

Zayed, E. M. E. and Ibrahim, S. H., Exact solutions of Kolmogorov-Petrovskii-
Piskunov equation using the modified simple equation method, Acta
Mathematicae Applicatae Sinica, English Series, 30(3), 749-754, (2014).
Hariharan, G., The homotopy analysis method applied to the Kolmogorov—
Petrovskii—Piskunov (KPP) and fractional KPP equations, Journal of
Mathematical Chemistry, 51(3), 992-1000, (2013).

Unal, A. O. On the Kolmogorov—Petrovskii—Piskunov equation, Commun. Fac.
Sci. Univ. Ank. Series A, 1, (2013).

Rouhparvar, H., Travelling wave solution of the Kolmogorov-Petrovskii-
Piskunov equation by the first integral method, Bulletin of the Malaysian
Mathematical Sciences Society, 37(1), (2014).

Kaya, D., Yokus, A. and Demiroglu, U., Comparison of Exact and Numerical
Solutions for the Sharma-Tasso—Olver Equation, In Numerical Solutions of
Realistic Nonlinear Phenomena, 53-65, (2020).

Ahmad, H., Seadawy, A. R., Khan, T. A. and Thounthong, P., Analytic
approximate solutions for some nonlinear Parabolic dynamical wave
equations, Journal of Taibah University for Science, 14(1), 346-358, (2020).
Durur, H., Tasbozan, O. and Kurt, A., New Analytical Solutions of Conformable
Time Fractional Bad and Good Modified Boussinesq Equations, Applied
Mathematics and Nonlinear Sciences, 5(1), 447-454, (2020).

Durur, H., Kurt, A. and Tasbozan, O., New Travelling Wave Solutions for KdV6
Equation Using Sub Equation Method, Applied Mathematics and Nonlinear
Sciences, 5(1), 455-460, (2020).

Ahmad, H., Rafig, M., Cesarano, C. and Durur, H., Variational Iteration
Algorithm-1 with an Auxiliary Parameter for Solving Boundary Value
Problems, Earthline Journal of Mathematical Sciences, 3(2), 229-247, (2020).
Rezazadeh, H., Kumar, D., Neirameh, A., Eslami, M. and Mirzazadeh, M.,
Applications of three methods for obtaining optical soliton solutions for the
Lakshmanan—Porsezian—Daniel model with Kerr law
nonlinearity, Pramana, 94(1), 39. (2020).

635



[34]

[35]

[36]

[37]

[38]

[39]

[40]

BAUN Fen Bil. Enst. Dergisi, 22(2), 628-636, (2020)

Gao, W., Silambarasan, R., Baskonus, H. M., Anand, R. V. and Rezazadeh, H.,
Periodic waves of the non dissipative double dispersive micro strain wave in the
micro structured solids, Physica A: Statistical Mechanics and its
Applications, 545, 123772, (2020).

Avcy, D., Yavuz, M. and Ozdemir, N., Fundamental solutions to the Cauchy and
Dirich-let problems for a heat conduction equation equipped with the Caputo-
Fabrizio differentiation. Heat conduction: methods, applications and research,
Nova Science Publishers, 95-107, (2019).

Evirgen, F. and Yavuz, M., An alternative approach for nonlinear optimization
problem with Caputo-Fabrizio derivative, In ITM Web of Conferences, 22,
01009, (2018).

Ismael, H. F., Bulut, H. and Baskonus, H. M., Optical soliton solutions to the
Fokas—Lenells equation via sine-Gordon expansion method and (m+(G'/G))-
expansion method, Pramana, 94(1), 35, (2020).

Yokus A., Solutions of some nonlinear partial differential equations and
comparison of their solutions, PhD thesis, Firat University, (2011).

Daghan, D., and Esen, R. K., Exact solutions for two different non-linear partial
differential equations, New Trends in Mathematical Sciences, 6(3), 83-93,
(2018).

Ali, K. K., Yilmazer, R., Yokus, A., and Bulut, H., Analytical solutions for the
(3+ 1)-dimensional nonlinear extended quantum Zakharov—Kuznetsov equation
in plasma physics, Physica A: Statistical Mechanics and its Applications,
124327, (2020).

636



