International Journal of Advanced Technology in Engineering and Science g
Vol. No.4, Issue No. 08, August 2016 ijates

www.ijates.com ISSN 2348 - 7550

A PECULIAR CASE OF UNLIMITED RESOURCES IN

ECOLOGICAL AMMENSALISM
Dr. K.V.L.N.Acharyulu

Associate Professor, Department of Mathematics, Bapatla Engineering College, Bapatla, (India)

ABSTRACT
The paper aims to discuss a peculiar case of Ecological Ammensalsim. The model is constructed by a coupled
system of first order non-linear ordinary differential equations. Both the species have unlimited resources. A

series solution of this Ammensalal model is derived.
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I. INTRODUCTION

Abbasbandy,S [1] used this perturbation technique and invented some innovative results in the concept of
asymptotic techniques . Liao[5-8] develped Homotopy Perturbation Method (HPM) in 1992. Few other methods
with independent physical parameters were introduced by eminent Mathematicians [2,4]. HPM methodology

has been used in many fields of Engineering and Modern Sciences[3,9,10].

I1. BASIC IDEA OF HOMOTOPY PERTURBATION METHOD
Step (1): Let us consider nonlinear differential equation:
Au)-f(r)=0, reQ M

With the boundary condition
B(u,a—uj =0, rel
on
where Ais a general differential operator, Ba boundary operator, f(r) is a known analytic function, ris the

boundary of the domain ¢ and a% denotes differentiation along the normal drawn outwards fromq .

Step (2): In general the operator A, is divided into two parts: linear part L and nonlinear part N. Therefore above

differential equation(l) is expressed in the form of

L(u)=N(u)-f(r)=0 ()

Step (3):

With the help of Homotopy Perturbation Method (HPM), one can constituite a homotopy

v(r, p):Qx[0,1] > Rwhich satisfies

H(v,p)=(1=p)[L(v)-L(us) ]+ P[A(v)-f(r)]=0, p[0.1].reQ ()
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It is nothing but

H (v, p)=L(v)—L(uy)+pL(uy)+ p[ A(v)-f(r)]=0 %)

where pe[0,1]is named as an embedding parameter ,and u,is an initial approximation of equation(1),which

satisfies the boundary conditions.
Step (4): Then equations (1), (1V) follow that

H(v,0)=L(v)—L(u,)=0
and H(v,1)=A(v)-f(r)=0
Thus the changing process of p from zero to unity is just that of v(r, p) from u,(r)tou(r).
Step (5): According to the HPM, we can first use the imbedding parameter p as a ‘small parameter’ and assume
that the solutions of the equations (111) and (IV) can be written as a power series in p:
V=V, +pV, +p°V, +p%V, v, e
The approximate solution of equation (I) can be obtained as

U=Ltv=v,+V +V, +V, +V, +——————————
p-ol

I11. NOTATIONS ADOPTED:

N; (t) : The population rate of the species S, at time t

N, (t)  :The population rate of the species S, at time t

3 : The natural growth rate of S;, i =1, 2.

ar :The inhibition coefficient of S; due to S, i.e The Commensal coefficient.

The state variables N; and N, as well as the model parameters a;, a,, a11, ax, Ky, K;, o , hy, h, are assumed to be

non-negative constants.

IV. BASIC EQUATIONS:

% = G4 .'1"4'11 — &q7 ;1\'11 ;1\'1: (1)
d.:_ =a,N, with initial conditions Ny(0)=c, and N,(0)=c, )

The following system can be constructed by the concept of homotopy as follows
vy = Nyg +p(Nyg — arvy — apamyvy) = 0 ©)

vy — Noyg + 8(Nyg — a1, ) = 0 4)

The initial approximations are considered as

) (t) = Nig (t) = iy (0) = (] (5)
Van :E:‘ = .'"nrgc. :E:' = T3 :':':' =€z (6)
and 1 (8) = 1y,0(8) + pry 1 (8) + pPu2(8) + pR () + pR o (8) + pPe s (8) + - 7)
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v (t) = v20(8) + praq () + plvaa(8) + pPuaa(8) + pivoa () + pivs(e) + - 8)

Where v;;(i = 1,2,] = 1,2,3 ...) are to be computed by substituting (5),(6),(7), (8) in (3), (4)
We get

vy olt) +pvy () + P:ﬂ{.: (t) + Pgﬂ{.z (t) + PL'L"{.L_ET) T PEW{.E (t)+ =Ny +

p[Nig — ay(vy4(8) +pvy s (8) + 070, (8) + PP (8) + 0P vy () + PPog s (B) + )

+aq2 (1,5 (8) + prya (8) +pPoy o (8) + 3 L"1.3'[?!73' +p e (t) + piuy g (E) + - )'[i":.l}‘:ﬂ' +
Pz (t) + pPva () + pdvg s (8) + prug o (8) + pivas ‘:tj +--)]=0
9)

From equation (4)

v, o (8) + pn, L () + PP, (8) + 31, o (8) + piu, L (8) + pov, o (£) + - — Ny

+p[Nag — @z (v20(8) + prag () + p2v22(8) + 03003 (0) + pHrae() + P50 () + 120 (10)
From (9),
0+ pry 4(8) + 2y L (8) + 31y o (6) + phy () + po0y (D) + - — 0
+p[0 —ayvy o(t) — aypry 1 (8) — ayp v (8) — agp®vy3le) — ayp* vy (8) — agpPry () — .
+aq,03 0 o (a5 (t) + ap® vy (v o (). 4y pry (D)oo (8) + aopvy (B, 1 (t)
+aq,p3 0y 1 (a2 (8) + ap*vy (a5 (8). o+ apap?vo o (B o (8) + agapdey o (B, (8)
1201 (E022(2) o+ @yap vy 3 (E)v2,0(8) + @yap vy 3 (B0 (). o+ @pop vy o (B)vop(2)
w]=0 (11)
From (10),
0+ puy 4 (8) +p2un,(8) +puy5(8) +pun o (8) +pSuyg(8) + - — 0 +p[0 — agvz,(2)
—apv240E) — aspvya(E) — aapPvya(t) — arptraa(t) — arpfrag(t) .. 1 =0 (12)
Now comparing the coefficient of various powers of p in (11)&(12),we obtain
The co efficient of P*:

vy 1 (8) — agvno(t) + agar o (Dvae(t) = 0

v, 1(£) — agv0(8) = 0
The co efficient of P>
L"1. 2(8) —agvy 1 () + agpvq 0ty 1 (8) + agovy 1 (E)v(E) = 0

vy o (t) — @yv24(t) =0
The co efficient of P:
vy 5 () — @y 2 () + @yavy o (D025 (8) — @yavy 4 (v (8) + ay2v50(0)vy 2 (£)=0
vy 2(t) —aav,() =0
The co efficient of P*:

Lﬁi. 28 —agry 3 (8) + agory o (Dva3 () + a1 (Bva2(8) + agov04 (B 1 2 (2)
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+ Q12020 (E) 1 3(8) = 0

L“:; 2B —agv,5(8) =0

Now 14 {0) = ¢y v,(0) = ¢

1y4(t) = a4 J‘ vy plt)dt —ass J‘ vy o B g (£)de
B B

= Cj_ﬂlt+ ﬂj_:Cj_C:t

Sl g i_t} = {_.ﬂl — Q42 C:}Clt
t‘"f.l{-.t} =3 J‘ I.":lc.{t}ﬂ;t = ﬂ:lfgt
o

a v () = az6at

=] :{_t} = (4 J‘ t‘ﬁi.i{t}ﬂ‘t — Q42 J‘ t‘ﬁl.l}{t}t‘"f.iit}ﬂ‘t — Q42 J‘ (&1 Ij_{t}i"glc.{t}ﬂ‘t
1] o o

b P Pl

= Q{0 — Q4207 )04 — — O42C1 (@0 — QorCar)Ca— —Q17C2{ 01 — @146 — QAq2C4 103 —
148 1262475 1261082 22€2)€25 120218 1101 126265

i i i te
sy 208) = [y — aga62)(ag — ag262)e; — ag201a2 IC:]E

va2(t) = a; f vy (t)dt

0

-

= [ﬂ:"f:]?

=] Eﬁﬁ_t} = (4 J‘ E"ilj'::t}dt — Q928 J‘ (e ‘\_t}ﬂt — Q497002 J‘ I.":l:{t}lﬁ"t — Q42 J‘ =] Ij_{t}i"glj_{_.t}dt
o

0 o 0
£3 .t
= (ay — aq202){(ay — aga05)(ay — @y265)6) — @y209C00 :}E — Q32 '51{5!:_'5:}E — ay202{00
33
—Q@q2Cr 09—
12€2)61 3

i _ . . 3 . td
a1y alE) = (ay — agz02){ay — agac2){ay — aga02)e; — ays CICEQE}E - 012'51{02_'5:}E
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) t3
—Qy2C20 0701 — Qq3 CZ}CIE

a9 ‘\_t} =3 J‘ V39 ':\_t}ﬂ‘t
Iyl

. !
= {a; C:}E

) , t3
i i":lgi_r} = ﬂ:_C:E

vy,4(t) = (a1 — as2¢;) J.; vy 3lt)dt —ass .J.; vyq () vp o (B)dt

—Qiz ..I.; vy 2 (thvp (E)dE — agpcy J.; vy 3 (t)dt

w1y 5(t) == [{a1 — ag262{ (a1 — c2){ (a1 — a12c2){a1 — a1262) &

—Qzd336 Ca }+‘:ﬂ1—91:'5:}—111:51'5:&::] —01:'51:0:'5:§

24
o4 . I - - t
{—91:'5111:35::—}:.1 —[elay — 912’3:}9:'C:]E*'ﬂuﬂ:'?:[‘ﬂi — @1267)%€1 — Q12610202 ];

v24(t) = a; f vy s(t)dt
0
té

.,
24

nvslt) == aj’e;

Up to the terms which contain maximum the power of four, we obtain

Ny(t) = lim v () = Z 1 (8) = va0(8) + w1 (8 +v1,2(8) + w1 5(8) + w14 (2)

x=0

Ny(t) = ]in} vy () = Z vy (t) = v50(8) + 15 1 () + 022 (8) + v55(8) + v2.(1)
¥ x=0
The solutions by Homotopy Perturbation Method are derived as

-

Ny(2) = + [lay —agaco)eglt + [(ag — aga02)%ey — ag2000 '5:]?"‘ {la; —ayc7)

- - 3 -
[(ay — ai202)7c; — azaq662)(ay — agacz)eg [2—az04:0:] — azaq; CICZ}E +{[la; —ayzc2)%cy
—ay20y02(an)][lay — agac0)? ] +{ay — ay20:){2(ay — agaca)0yag2(—as) — ag26i02027}

+as e llay0(—as) — 3am0(ay — appea)] + las e {lay — agaea )y [3lay — agpc0)ay ]

. t
+a,c;(3a5,6)) 54
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" a 2 o t® . 4
No(t) = +azct + [az g ] -+ [ﬂ:""?:]g"‘ [as%cs]

24

V. CONCLUSIONS

A special mathematical model of Ammensalism with unlimited resources is formed by a couple of first order
nonlinear differential equations. A series solution of ecological Ammensalism is obtained by Homotopy
Perturbation Method.
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