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Abstract

The stability analysis for state solution of nonlinear reaction-diffusion systems with the Lotka-Volterra type interaction
where studied which arise in the solution of flow of homogeneous and traveling wave solution, the resulting of this

A(X) ,

analysis shows that the system is stable when under condition, and we find that the system is stable if ;, > “22/
k

however when (K) is increase then the stable region is increase, and when (A) is increase then the unstable region is

increase.

1-Introduction:

Reaction-diffusion give rise to texture synthesis based on
the simulation of a process of local nonlinear
interactions, which has been proposed as a model of
biological pattern formation.Turing. A. in (1952) was
first proposed a chemical mechanism to account for
pattern formation in Biological morphogenesis, he
postulated that patterning is governed primarily by two
concurrently operation processes:

Diffusion of morphogenesis through the tissue and
chemical reaction that produce and destroy
morphogenesis at a rate that depends, among other
things, on their concentrations. Such mechanisms are
called Reaction — Diffusion (RD) systems [12].

A system of nature whatsoever that exist in state in
stable, in one sense or another , if small disturbance or
change in the system do not exists in time-dependent
state in which the planets move about the sun in an
orderly fashion. It is know that if small additional
celestial body is introduced into the system, then the
original state is stable to small disturbance. Similar
equation of stability arises in every physical problem
[4].

Rubinsein in(1948) is able to derive a coupled system in
a one —dimensional case includes heat conduction in
heterogeneous media. [9]

Masuda in (1983) showed the solution of the reaction —

diffusion system exist globally for every 8 >1.[7]

Chow Tanya in (1996) studied the derivation of
similarity solutions for one-dimensions coupled reaction
— diffusion equations , these solutions are obtained of
one-parameter group methods. [1]

Kan-on and fang in (1997) proved the linearized stability
of the traveling waves. [3]

Said kouachi (2001) studied construct polynomial
functional (according to solution of the coupled reaction—

diffusion equations) which give L" -bounds  for
solutions. And he deduces the existence of global
solutions. [10]

Yuzo Hosono in (2003) studied the traveling wave
solution of a two species competition-diffusion systems
with the Lotka-Volterra type interaction and find that the

rate £, diffusion coefficients of the former species over
the latter is small enough. [13]

In this paper , we will study the stability analysis of
nonlinear reaction-diffusion systems with the Lotka-
Volterra type interaction.
2- Model of equations:

The reaction-diffusion systems with Lotka-Volterra
type interaction is given by:
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U(X,t) and V(X,t) represent the densities of two
competing species at location (X) and time (t),The
diffusion rate &£ is positive constants, and

a(x) denotes the intrinsic growth rate of aspects.
With initial conditions:

u(x,0) = u,

v(x,0) = v,

Where Uo and V( are constant interior solutions of
(1) and the boundary conditions: [2].
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For dimensionless form, we introduce the following
dimensionless quantities: [11].

x= XL t=L°T, u=UL, v=VL, a=AL
Substitute these non-dimensional quantities into equation
(1) and in the conditions ,we get:
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With the boundary conditions:
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Stability analysis has been recently studied by numerous
and it is of great interest because of the growing
industrial importance.

Assume that the value of the concentrations U(X,T) and
V(X,T) has the following form: [4].



U(X,T)=U,(X)+U,(X,T)

V(X,T)=V,(X)+V,(X,T)
Where U, (X) and V,(X), denote the steady state

case, U, (X,T) and V,(X,T) denote the disturbance
case.
If we substituted (4)in equations, (2) we get the

following two systems and take the linear term only since
the linear term implies to stability [4] we get:
The steady state system:
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With the boundary conditions:
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and the second system:
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with the related boundary:
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3-Solution of the steady state case:
The solution of (5a) and (5Db) with the boundary

conditions:
U, (X) = pAy +[AX) =L+ )0k + AW e (7a)

V,(X) = A +[AX) =1+ 29)0)0 + Ap..oovvorrrirn, (7b)
where (l//, (0) eigenfunction associated, (h) (g) smooth

function, (T)&(@) are positive constants, and (/1) is
real value [5] .
4- Stability analysis (disturbance case):

Assume that the value of U, (X, T) and V,(X,T)
, has the following form [6] and [8]:

U,(X,T)=Fe**D

V, (X, T)=F,e** D
Hear (C=C,+iC,) is an eigenvalue represent the

speed of the wave, the functions F; and F, are the

constant amplitudes, k is the wave number. The flow is
stable if the linearized equation corresponds to

eigenvalue C with negative part C2 < 0 for presented

configurations.

Now, substitute (8) in the equation (6a), (6D) we get

respectively:

—ik(C, +iC,)F, = —1k?F, + A(X)F, — F,[uAy + [AKX) - L+ ) + 2y ]
- F,[urp+[AX) - (1+ )l + 49]

—ik(C, +iC,)F, = —1k’F, + A(X)F, - F,[uAp + [A(X) - (L+9)0Jp + 2]

~Flady +[A) - L+ )l + ]
by separate the real part and imaginary part, we get:

kC,F, = —1k*F, + AX)F, — F,[uAw + [A(X) - 1+ )l + 4w ]
— o[t p+ [AX) = 1+ 9)0)p + 20 (92)

KC,F, = —1k’F, + AX)F, — F, [ + [A(X) - (1+9)0)p + A ]
—F sy +[A) =@+ )l + A0 [ (9b)

multiply (9b) by(-1) and add to (9a) we get:

KC,(F, —F,)=—1k?*(F, = F, )+ AX)(F, = F} )vvvnns (10)
= (KC, + 1k? — A(X) (F, = F,) =0........(L1)
Such that (Fl - Fz);t O since F, # F, then:

KC, + zk? — A(X) = O..........(12)
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implies to the system is stable when:
1k > A(kx)

and unstable when:
A(X)
k

The neutral stability curve, when (C2 =0) in the
equation (13) is:
A(X)

k2

K <




Iz A=0.1k A=02k

0.1 1.0000-1.0000 1.4142-1.4142
0.2 0.7071-0.7071 1.0000-1.0000
0.3 0.5773-0.5773 0.8164-0.8164
0.4 0.5000-0.5000 0.7071-0.7071
0.5 0.4472-0.4472 0.6324 -0.6324
0.6 0.4082-0.4082 0.5773 -0.5773
0.7 0.3779-0.3779 0.5345 -0.5345
0.8 0.3535-0.3535 0.5000 -0.5000
0.9 0.3333-0.3333 0.4714 -0.4714
1.0 0.3162-0.3162 0.4472 -0.4472

Table (1) . The state solution of stability in Equation (14) when

A=01 A=0.2, 0< <1 andshow thatwhen (k) is

increase then the stable region is increase, also shown in
figures (1) and (2).

k=0.1 k=0.2
H A A
0.1 0.0010 0.0040
0.2 0.0020 0.0080
0.3 0.0030 0.0120
0.4 0.0040 0.0160
0.5 0.0050 0.0200
0.6 0.0060 0.0240
0.7 0.0070 0.0280
0.8 0.0080 0.0320
0.9 0.0090 0.0360
1.0 0.0100 0.0400

Table (2) . The state solution of stability in Equation (14) when
k=0.1 k=0.2, 0< <1 andshow that when (A)is
increase then the unstable region is increase, also shown
in figures (3)
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Fig (1). The natural stability curve in (14) when A=0.1, A=0.2, 0< <1 and show that when
(K) is increase then the stable region is increase.
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Fig (2). The natural stability curve in (14) when A=0.1, A=0.2, 0<x<1 and show that when (k)
is increase then the stable region is increase.
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Fig (3). The natural stability curve in (16) when

k=0.1 k=02,

0 < <1 and show that when (A) is

increase then the unstable region is increase

6-Conclusion:

we find form the Stability analysis (disturbance case)
that the Stability Analysis of Steady State Solution of
nonlinear Reaction-Diffusion

System is stable when ;; > A(kx) , and unstable when

/KM and find the neutral curve, however when (k) is
k

References:

[1]Chow, T. L. M. (1996), System of partial differential
equations and  group methods, thesis, university of
western Sydney.

[2] Jansen W.(1987) A permanence theorem for replicator
and Lotka-Volterra system J-Math Biol-25-411-421.
[3]Kan-on, Y. (1997), Fisher wave fronts for the Lotka-
Volterra compete- tion model with diffusive, nonlinear

analysis TMP 28 PP. 363-340

[4]Logan, J. D. (1987), applied mathematics, Johan Wiley

and sons.

[5]Lou Y. Martinez S. & Polacik P. (2006),Loops and
Branches of Coexistence States in Lotka-Volterra
Companion Model.USA

[6]Manaa, S. A.(2003), Stability analysis of thermal
radiation effect in the MHD ekman layer on aporous
plate , optically thich limit , Tikrit j. for pure sci .,
vol.9, no.1, pp.112-119.

[7]Masuda. J. (1983), on the global existence and
asymptotic behavior of solutions of reaction- diffusion
equation, Hokkaido. Math. J. 12, pp. 360-370.

increase then the stable region is increase, and when (A)
is increase then the unstable region is increase, also
shown in figures (1) ,(2)and(3) and table (1) and (2)

[8]Mosa, M. F. and Ibrahim B. M.(2001), Stability analysis
and chaos in a band duct, Raf, j, sci. vol. 12, no. 1, pp.
91-99.

[9]Rubinstein,L.1.,(1948), Process of conduction of heat in
heterogeneous media, lzvestiya akademii nauk sssr
geogr., 12, pp. 27-45

[10]Said Kouachi. (2001), Existence of global solution to
reaction-diffusion system viy a lyapunov function , no.
68, pp. 1-10.

[11]Smith, .M., and Griffiths, D.V., (1998), Programming
the finite Element Method. Johan Wiley &Sons.

[12]Turing. A. (1952), the chemical basis of

morphogenesis, philosophi- cal transactions of the royal

society (B), 237: PP. 37-72.

[13]Yuzo. Hosono. (2003), Traveling wave for a diffusive
Lotka-Volterra  competition model | :singular
perturbations, Kyoto Japan. 603-8555.



ARY ol — jLam) AU ia) Jslalt 4 ESay) Julas
KWWY
el ¢ gl ¢ emgall dnals o AawlaY) Loyl S ¢ Sluslyll
(V~~/\/V /*V :J}.ﬂj\@_)bﬁ*~~\// A /*0 :(J.LN\@)B)

roadladl
(nonlinear  reaction-) ihadUl Jelall — Lawy) dakail (o sa5 Lotka-Volterra Jdelis z3sail 4 e DU Jolall Ayl Ll o3
Caal e 05< oUaill 138 o o a8 (traveling wave ) dasall QU Jolag dilatiall adlsall Glia JSLie s 8 el s diffusion
Caaly A el ol LSy ¢ dphina) Bhlia cualy K dad casly LalS 4l s LS ¢ e oUail (5% L il y>ﬂ o4 Loyl Loy
. k
A e g "k Qi L1 Al of 0 g AplEa) s hlie



