Avrupa Bilim ve Teknoloji Dergisi European Journal of Science and Technology
Sayi 16, S. 427-433, Agustos 2019 P, No.16, pp. 427-433, August 2019

© Telif hakki EJOSAT a aittir - v | Copyright © 2019 EJOSAT
Arastirma Makalesi www.ejosat.com [SSN:2148-2683 Research Article

a

“ 4

Exact Solutions of Rosenzweig-Macarthur (RM) Model Equations by
Using Exp Function Method

Zafer Oztiirk !, Halis Bilgil 2

1 Aksaray University, Graduate School of Natural and Applied Sciences Department of Mathematics, Aksaray, 68100, Turkey, (ORCID: 0000-0002-1947-9053)
2 Aksaray University, Department of Mathematics, Aksaray, 68100, Turkey, (ORCID: 0000-0002-8329-5806)

(First received 18 March 2019 and in final form 18 June 2019)
(DOI:10.31590/ejosat.541346)

REFERENCE: Ozturk, Z. & Bilgil, H. (2019). Exact Solutions of Rosenzweig-Macarthur (RM) Model Equations by Using Exp
Function Method. Avrupa Bilim ve Teknoloji Dergisi, (16), 427-433.

Abstract

He’s exp function method aims to finding exact solutions of nonlinear evolution equations in mathematical physics. The exact
solutions of the Rosenzweig-MacArthur (RM) model equations is obtain by using the exp-function method. The method is by
transformation used to construct solitary and soliton solutions of nonlinear evolution equations. The free parameters in the obtained
generalized solutions might imply some meaningful results in physical process.
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1. Introduction

The Rosenzweig-MacArthur foodchain model (RM model) is widely used in population dynamics to modelize the predator-prey

relationship. The Rosenzweig-MacArthur model can be written in following dimensionlesssystem of two differential equations,

dxy 1 Z1X

a ~ald—a-
dx; ( ZyXq )
dt = 2\Txbyg B

where z,, z,, z3 and b, are constants. The exact solutions of the nonlinear evolution equations plays an important role in the study of
nonlinear physical phenomena. In addition, the exact solutions of those has been used extensively as a benchmark model for testing
various numerical solution methods. The nonlinear systems of equation emerge in various fields of scientific and engineering, such as
solid physics, optical fibers, biology, chemical physics and fluid mechanics. Nonlinear wave phenomena of dispersion, dissipation,
diffusion, reaction and convection are very important in nonlinear wave equations [1]. In the last two decades, a vast variety of

simple and direct methods to find analytic solutions of nonlinear differential equations (and systems) and evolution equations have
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been developed such as the tanh—-sech method [2], extended tanh method [3], sine—cosine method [4], homogeneous balance

method [5], F-expansion method [6], homotopy perturbation method [7], Exp-function method [8].

The main aim of this paper is to apply the Exp-function function method with the help of symbolic computation to obtain exact
soliton solutions of RM model. By using Exp-function method, many kinds of nonlinear partial differential equations have been

solved successfully.
2. The Exp-Function Method

The Exp-function method was first proposed by He and Wu [8] and was successfully used in the solution of many types of nonlinear

partial differential equations.

We consider a general nonlinear PDE in the form
P (X, Y, U, Uy, Uy, Ugy) Ugy, Uyy, ) =0 (2.1)

Let us introduce a complex variable &, as follows
E=kx + wt
where k and w are constants, we can rewrite Eq. (2.1) in the following nonlinear ODE:
Q(uu,u’',u”, ...)=0
where the prime denotes the derivation with respect to & . According to Exp-function method, we assume that the solution can be

expressed in the form [8]

Zgl:—c ane(né)

U(f)zzq

m=—p bne (m9

(2.2)

where ¢, d, p and q are positive integer which could be freely chosen, a,, and b,, are unknown constants to be determined. For

simplicity, we setd = q = ¢ = p = 1 then Eq. ( 2.2) can be writen as,

a_ie "+ ag+ ae’t

ule) = b_ie~¢+ by+ e¢ (2:3)
3. Exact Solution of Rosenzweig-Macarthur (RM) Model
The dimensionless RM equations are given as following,
24— (1 — X — ) ¢4
dt 1+b1x1
dx, ZyXq
Z3) (32)

szz 1+b1x1_
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In view of the exp function method, we assume that the solution of Eq. (3.1)

a_1e %+ ap+ ae*
b_ie™*+ bg+ e*

x1=

h_1e_x+ ho+ hlex
g-1e7%+ go+e*

x2=

a, , by , h, and g,, are unknown constants. By simple calculation, we have
(1+ byxy)x' — xl((l —x1)(1+ byxy) — lez) =0
(1 + byxy)xy" — x5(23%1 — z3(1 4 byx1)) = 0
Substituting Eq. (3.3) and (3.4) into Eqg. (3.1) and (3.2), and by the help of Maplel4, we have

“H[Cae%* + e + Cre* + Co + Cqe ™ + Cye™2 + C_ye™3¥] = 0

%[D3e3x + D,e?* + Dje* +Dy+D_je ¥+ D_,e ¥ + D_ze73¥] =0
and for the solutions of Eq. (3.7) and (3.8) all coefficients must be zero.

C3 = C1a1h1 —a, — a1C2h1 + a% + a%CZhl

Cy = cyaghy — agcyhy + 2ap9a4 — a;c,hg — a1by + wa by + ciahybg
—a,boc,hy + a?cyhg + ciathy — ag + wayboc,hy —wag + a2gy — a1 9,

+2aya,c,hy —wagcyhy

C; = 2wa b_; + 2apa,chg — waggo + a;b_1c hy + adc,hy +a2g_y

+a;,bogo + wabgcyhg + a3 + ciah_q + crashgby — agc hy +

2aa_1 — agbgcyhy + cia hyb_y + waybygo + ciaghg — a1b_1 — aggo

+2a,a_1c3hy + 2a9a,99 — 2wa_q — ajhgbgc, — a_q + afc,hoy — 2wa_ cyhy

—agbg —a_ichy —ayc3h_q + 2waq b_icyhy + cia_1hy —a_19_41 + c;aghiby — waycyhy
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Co = —a_1bgcyhy + 2wa b_1g99 — a_1by + wa bgg_1 + wayb_4
—abgcyh_q + ciaghib_q — agbogy + wagb_1chy + 2apa,9_1 — agbh_4
—2wa_;go —wa_1byczhy —a1b_19¢ + c1a0hoby — a-19o + 2a_1ac2hy
+adcyhg + 2a_qa,chg — agcyh_q — 2wa_qchg + ciagh_q — aghgbocs,
—wa_,by + 2a_,a,9¢9 — wagg_1 + wa byc,h_q —agg_1 + ca_1hy
+cya.hgb_1 + cia h_1bg + 2wa b_ic3hg + c;a_1h1by — a1b_1chg

+2aga,c,h g — a1bgg_1 — agb_1c2hy + adgo — wagcyh_q — 2a_1aq — a_1cyhg

C_y = —a_1hogo +2a_1a19_1 + c1a_1h_y + afch_y + 2a_1a090
—a;b_qc;h_1 +wagb_ic,hg —wa_1byc hg —agb_1chg —a_19_1
+wagb_190 — agbog-1 — agboc2h_1 + 2a_ya9c2hg — a—1b_yc2hy — agb_190
—a_1bgcyhg —a_ic3h_1 + ciaghgb_q + ciagh_1by — a_1b_1 —wa_1bygo
+2wa;b_19_1 +a%,c,hy +a%, + adg_, + 2wa b_ic,h_ + cia h_1b_y

—2wa_ycoh_y —a;b_1g_1 + 2a_ja;c,h_1 —2wa_1g_1 + cqa_1hib_;

C_; = ciaph_1b_1 + wagb_1c2h g —a_1b_199 —wa_1boch—y —wa_1bog-1

+2a_jagch_q +a%,99 — a_1bog_1 + c1a_1h_1bg — agh_1c,h_y — agh_1g_, + a®,cyhy

—a_ibgcy;h_y —a_1b_icyhg + 2a_1a09_1 + wagh_19_1 + c;a_1hob_4

C_3=a%ic;hoy —a_ib_yc;h_y —a_yb_1g_1 +a,g_1 +cia_th_1b_4

D3 = _C2C3a1h1 + d1h1 + d1h1C4a1

D; = dihygocsay + dihigo — cac3a1hg + whygocaay + dihiby — cyc3a,hy 90 + dihy

—whg + dihgcaay — whociaq + dihicaag — c3c3a0h + Whygg

Dy = —cycza0hg + dihog + dihogocsas + dih_ic4ay + dihigoby — c2c3a1h090
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+dih1gocsag — Whobg + 2Whyg_1 — cyc3a9h1 9o + Whyigobg + d1hicsa_q + whyggcaag
+d,hig_1 — cyc3a_1hy — 2wh_ + dihgcaay + 2whyg_qic4aq + dihoby + d1hig_1c404

—CyCc3a1h_q —Whgcuag — 2wh_qic4aq + d1hib_1 — cyc3a1h19-1 + d1hogo

Dy = —2wh_sc4a9 + d1h1g-1¢4a0 + dih_yc4a0 — Cac3a0h19-1 + dihygob_1 — c2¢3a-1hy
+dih_190 + dihigocsa—y + dih_1bg — whoc,a_y —wh_1go — cac3a0h-1 — C2¢3a0h090
—Cyc3a1h0g-1 + dihocsa_y + dihog-1c4a1 + Whygob_y + dihogobo + dih_19ocsay
+dihig-1bg — wh_19ocsay + 2whyg_1bg + di1hog—q + 2whyg_1c4a0 + whog—y
+Whygocsa_y + whog_1caay — cac3a1h_190 — Ca2c3a-1h1go + dihogocaao +dihob_y

—2wh_q1by — whob_4

D_y =dyh_1by —2wh_1b_1 —c3c3a_1hogo + d1h_19-1€401 + d1h_1c4a4
—C¢3a1h_19-1 + 2Whyg_1b_1 — cc3a_1h1 g1 —wWh_1bygo — c2¢3a_1h_4
+dihogocsa—1 —wh_19ocsao +dihyg_1b_1 +dih 194 —2wh_jca_1 + Whog_1c4a,
+dihog-1€aa9 + Whog_1bo + dihogob_y + dihi1g-1c4a_1 +dih_190csa0 — C2C3a0h_190

+dih_190bo + 2Whyg_q1c4a_q1 + dihog_1by — c3c3a0h0g-4

D_; =dih_19-1bg +dih_19-1c4a9 +d1hog-1b_1 +d1h_1gocsa_y +dih_190b_4

+dihog-1c4a-1 + Whog_qcsa_1 —Wh_199b_1 — c3c3a_1hog-1 + Whog_1b_4

—Wh_190C4a_1 — C303a-1h_190 — C2¢3a0h-19-4

D_3 = —cyc3a_1h_19-1 +dihyg_1b_y +dih_19-4c4a4

Equating all the coefficients of e™ to zero, we obtain a system of algebraic equations which can be solved by the Maple, to obtain

the following cases of solutions

e —g.2
Case 1: hoy=0a_,=0, z3 = M,go =0,b_;=0,
1
b +1
Z2=—Z3(1a1 ),g_1=0,h0=0,b0=0,a0=0

a

Substituting these results into (3.1) and (3.2), the following exact solution will be derived,
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t

e
X1 =73 2
b1—2g_1+9g5—2b1g9-
(901 9g-1190 1.91)+et
Jdo
hyet
xz =
g-1e t+go+et
where by, g_, and g, are free parameters.
-1
Case 2: h_l=O,a_1=O,Z3=_1,b_1=0,b0=go,22=a_
1
23(b1a1+1) 1-a4
Zzz—al ,g_1=0,h0=0, a0=0,Zl=—h1 ,b1=0

Substituting these results into (3.1) and (3.2), we obtain the following exact solution,

a.e
xl S E——
Yo + et
hyet
Xy = —
9o + et
where a,,h, and g, are free parameters.
h_122
Case 3: g—lzoia—lzo'hl:UIQOZOIZ:?):llbl:ZZ_l
0Y0

h_1(bo+z290)
b—1:0/a1:1/h0:—b ,leo
0J0

Substituting these results into (3.1) and (3.2), the following exact solution will be derived,

et

X, = ———
17 by + et

v = h_1(bogoe™" + by + 2,90 + z,€")
2 bogo(go + €*)

where by, h_,, z, and g, are free parameters.

Case 4. g1 = 0, a_q1 = 0, ho = “h-12p y b_1 = _a(z), bO = O, Z3 = 2
1 1h_,2%
al=1,b1=522_1,g0=0,21=0,h1=Z al(z)zz
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Substituting these results into (3.1) and (3.2), the following exact solution will be derived,

ap + et
X1 B - S —
—ase t + et

h_i(4a3e™t — 4ayz, + z5et)

2,5t
ase

x2=

where a,, h_, and z, are free parameters.

4. Conclusions

In this article, we have been looking for the exact solution of the nonlinear Rosenzweig—MacArthursystem. The free parameters can
be determined using any relevant to initial or boundary conditions. The obtained results show that the Exp-function method is an

effective and powerful mathematical tool for solving nonlinear dynamical systems in mathematical physics.
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