Scientiaet Technica Afio XI11, No 35, Agosto de 2007 Universidad Tecnoldgica de Pereira. ISSN 0122-1701 409

EXACT SOLUTIONSFOR A REACTION DIFFUSION EQUATION BY USING THE
GENERALIZED TANH METHOD

Soluciones exactas para una ecuaciéon de reaccion difusion, usando € método generalizado dela tanh

ABSTRACT

In this paper we present the generalized tanh method to obtain exact solutions of
nonlinear partial differential equations. As a particular case, we obtain exact

solutions for areaction diffusion equation.
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1. INTRODUCTION

The search of exact solutions to nonlinear partia
differentia equations is of great importance, because
these equations appear in complex physics phenomena,
mechanics, chemistry, biology and engineering. A
variety of powerful and direct methods have been
developed in this direction. The principal objective of
this paper, is to present the generalized tanh method
[1][5], and to apply it to obtain exact solutions for a
reaction diffusion equation. There are other methods for
solving nonlinear differential equations, One of them is
the projective Riccati equation method [4].

2. THE GENERALIZED TANH METHOD

Consider a given PDE, say in two variables

P(u,uy,u,,t,,,1,,...) =0, D
Using the wave transformation
wz,t) =v(), {=z+At, @)

where\ is a congtant, the equation (1) reduces to an
ordinary differential equation

p(v,v',0",...) = 0. (3
The generalized tanh method, which has been introduced

by Fan [1], is based on the idea of looking for solutions
to equation (3) in theform
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oe) =0 @

where the new variable ¢ = ¢(§) satisfies the Riccati
equation

o' =" +k, (5
whose solutions are given by
1 ok=o
§

Vitan(VkE —¢) k>0
(€)= {—kcot(NkéE —¢) k>0 ©6)
—J—ktanh(N=k€ —¢) k<0
—J—kcoth(v—ké —¢) & <O.

The integer ™m can be determined balancing the highest
derivative term with nonlinear term in (3), before the a,

can be computed. Substituting (4) along with (5) into (3)
and collecting all terms with the same power qbi , we get
a polynomia in the variable ¢. Equaling the
coefficients of this polynomia to zero, we obtain a
system of algebraic equations, from which the constants
a,,\,k are obtained explicitly. Lastly, we find
solutionsto (1) in the original variables.
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3. EXACT SOLUTIONS FOR REACTION
DIFFUSION EQUATION

In this section, we use the generalized tanh method, to
obtain exact solutions to the reaction diffusion equation

[2]
u, + au,, + Bu+yu® =0, ©)

The transformation u(z,t) = v(§),
reduces (7) to well known elliptic equation

E=ax+ M,

V" + kv + ko’ =0, (8)
where
a4+ N a+ N

After balancing we obtain m = 1, therefore we seek
solutionsto (8) in the form

w(&) = a, + a,9(§). 9
Substituting (9) into (8), and using (5), we obtain the
system

Ba, +va," =0
3va,a,’ =0

(10)
Ba, + 2aka, + 2kN’a, + 3ya, a, = 0

2aa, + 2X°a, + va,® = 0.

With the aid of Mathematica [3], we obtain the
following set of solutions to the previous system:

B \/E B -0 —2ak
al_i\/Eﬁ’ A== v

a, =0,

Therefore, using (1.6), (1.9) and u(x,t) = v(§), the
solutionsto (1.7) are given by

ulzxw k>0, £5>0).
UQ:]FW (k>0, B>0).
" :;iﬁm%@m k<0, B<0)
. q:i*/ﬁ taxj/l;(\/E i€) k<0 B<0)
Inalcases, E =x+ A\t =2+ Mt.

2k
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