Far East J. Appl. Math.

EXACT SOLUTION FOR THE MODIFIED EQUATION
FOR SPATIAL POPULATION DYNAMICS

H. A. ABDUSALAM and E. S. FAHMY

Mathematics Department
College of Science

King Saud University

P. O. Box 2455, Riyadh 11451
Kingdom of Saudi Arabia
e-mail: hosny@operamail.com

Mathematics Department

Women Students Medical Studies and Sciences Sections
King Saud University

P. O. Box 22452, Riyadh 11495

Kingdom of Saudi Arabia

e-mail: esfahmy@operamail.com

Abstract

We present a modification of the second order nonlinear partial
differential equation that describe the dynamics of population
reproduction and by using the factorization method, we find a particular
exact solution for the modified equation.

1. Introduction

The dynamics of population reproduction and spatial distribution was
studied in terms of a two-dimensional continuous flow model by
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Beckmann [5-8] by constructing a second order nonlinear partial
differential equation [6]. Ahmed and Abdusalam have found that, delay is
an important factor in studying the model proposed by Beckmann [6]. We
have used the telegraph reaction diffusion to modify the equation for
spatial population dynamics [1-4]. Rosu and Cornejo [10, 13] have proved
that for some nonlinear second order ordinary differential equations it is
a very simple task to find one particular solution once the nonlinear
equation 1s factorized with the use of two first order differential
operators. As we know that there is no exact solution for the model and
its modification [4, 6]. The paper is organized as follows: In Section 2, we
summarize and generalize the factorization scheme of ordinary
differential equations with polynomial nonlinearities, and this leads to
an easy finding of analytical solutions. In Section 3, we use the
factorization method to find an explicit particular solution for our

modified equation.

2. Factorization Procedure for Nonlinear Ordinary
Second Order Differential Equations

Factorization of second order linear differential equations is a well
established technique to find solutions in an algebraic manner
[11, 12, 14]. Rosu and Cornejo found one particular solution once the
nonlinear equation 1s factorized with the use of two first order
differential operators [9, 13]. They use the method for equations of types:

u +yu' + f(u) =0, (1)
and
u + gw)u' + f(u) =0, @)

where y is a constant, g(u) and f(x) are polynomials in u.

We concentrate our work in this paper on a new type of differential
equation, namely:

h)u” + gw)u' + f(u) = 0, ®3)

where ’ means the derivative D = %, h(), gw) and f(u) are

polynomials in u.
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Now, equation (3) can be factorized as
[A(@)D = 92 W)I[D - ¢ (w)lu = 0, @
which leads to the equation
B’ - h) Gt ~ h@)gue’ — 00 + 0102 = 0, ®)
or
h(w)u” - [h(u)(pl + Qg + h(u)% uju' + @109u = 0. (6)
Comparing (6) and (3), we find

) = { Awor + 02+ hew) Ghu | ™

and
fw) = ¢109u. ®)

If f(u) is a polynomial function, then g(u) will have the same order as
the bigger of the factorizing functions @, (x) and @y(«), and will also be a

function of the constant parameters provided by the function f(u).

3. Modified Equation for Spatial Population Dynamics

In this section, we will obtain an exact particular solution for our
modified equation for spatial population dynamics [4] by using the

method presented in Section 2.

The modified equation for spatial population dynamics is given by [4]:
Tuy + (1 - T%)ut = -m(b — 2u)u,, + f(u),

fw) = ula — bu + u? ), 9)

where b, a, m are positive constants, u is the population density and tis a
time constant. It is clear that when t = 0, equation (9) reduces to the

Beckmann [5-8] second order nonlinear partial differential equation [6].
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Using the coordinate transformation z = x — ¢t ( ¢ is the propagation

speed) in equation (9), we obtain the following nonlinear ordinary

differential equation

[bg + biulu” + [ag + aqu + a2u2]u' + f(u) =0,
where

by = —(mb +1c?), by = 2m, ag = c¢(1 - 1a), @y = —21ch, as = —3ct.
The standard form of equation (10) is
hw)u” + gw)u’ + f(u) = 0,

where h(u), g(u) and f(u) are polynomials and given as

h(u)=by +bu, gw)=ag+awu+agu®, fu)=ula-bu+u?)
Equation (12) can be written using operator notations in the form
[h(w)D? + g(w)D + F(w)lu = 0,

where F(u) = @
The factorization of (14) leads to
[A(w)D — @3 W)][D — ¢ (u)]u = 0,

and then,
” d(pl ’
h@)u” +| - @9 — h(u)o; — h(u)wu U+ Qp9u = 0.
Comparing (16) and (14), we obtain the conditions on @; and @9 as

~ 0y~ h()or ~h) S = gw), 002 = Fla),

Therefore

0109 = a—bu + u? = (w—0ay)(u-oay).

Now, choosing ¢; and @9 such that

(10)

(11

(12)

(13)

(14)

(15)

(16)
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where A is an arbitrary constant which must be determined and

b+ Vb2 - 4a + b+ Vb% - 4a

+ +
of =258 of - p o220 204

5 b? > 4a. (19)

The first condition in equation (17) leads to

—%(u —0g)— (bg + byu)[Mu — 01)] - Mbg + buw)u = ag + aqu + a2u2,

or
Oy 1 2 _ 2
==+ Aagby |+ | oA — 2hby — = |u + (- 20b) )u” = ag + aju + agu”,
A 1¥0 1 0 y
then
(%4‘7\40(11)0):(10, ((lel)\—z}tbo —%)Zal, (— 2)\()1):(12. (20)

From (19) and (20), we find

cl-ar)t \/c(c + 4mab — 2act — 4act + azcrz)

W= : (21)
2011 (c?t — mbc)
and equation (15) takes the form
[h(u)D o )} [D = A - o) = 0. (22)
The compatible first order equation is
W —Mu-oap)u=0. (23)

Integration of (23) and use of (19, 21) give the following particular
solution of (9):

ut(z) = ocf[l + tanh{}rgl_ (z -2 )ﬂ, (24)

where z is the integration constant.

In Figures 1 and 2 we show a plot of solutions (24) for different values
of T, namely 1 =0, 2, 2.5 at t = 1.
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Figure 1. The solution uw®(x,t) of (24) for different values of
7, namely, the normal, dashed and solid graphs represent the
solutions for 1 =0, 2, 2.5 respectively at t=1,¢=0.3, 25 =0,
b=4,a=1 and m = 0.2.

J
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Figure 2. The solution u (x, ¢t) of (24) for different values of T,

namely, the normal, dashed and solid graphs represent the solutions
for 1 =0, 2, 2.3 respectively at ¢t =0.1,¢=0.2,29 =0, b=4,a =1

and m = 0.2.
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4. Conclusions

In this paper, the factorization method that was proposed by Rosu

and Cornejo [13] has been extended to a more general form of second

order nonlinear partial differential equation. The general form was

applied to our modified equation for the spatial population dynamics. An

exact particular solution has been obtained for the equation. An exact

solution for Martian J. Beckmann equation was obtained as a special

case of our solution.
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