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a b s t r a c t

The purpose of this paper consists in the finding of the solution for a stationary neutron
transport equation that is accompanied by the homogeneous boundary conditions, using
the techniques of homotopy analysis method (HAM) and a numerical integration formula.
Also, algorithm presented can be used for solving the integral–differential equations in
which the unknown function depends on two variables, such as a radiative transfer equa-
tion. Results of a numerical example illustrate the accuracy and computational efficiency
of the new proposed method.

� 2012 Elsevier Inc. All rights reserved.

1. Introduction

This paper deals with a typical problem of the mathematical-physics: the solving of a particle transport equation that has
numerous applications in physics and astrophysics. In a reactor, the neutrons yielded at the fission of the nucleus are named the
rapid neutrons and have a speed equals to 2 � 107 m/s. The rapid neutrons are subjected to a slowness process, their energy
decreasing until these are in an equilibrium state with the others atoms of the environment. When the reactor is in a stationary
state, the particles have the tendency to move from a region with a great density to another with a small density and thus on
obtain a uniform density. The main problem in the nuclear reactor theory is to find the neutrons distribution in the reactor,
hence its density, which is the solution of an integral–differential equation named the neutron transport equation. The reso-
lution of the problems dealing with transport phenomena is the subject of several works: [1–7]. The following methods have
been proposed in these papers: Fourier transform, Laplace transform, the least squares, the finite element method, Monte Carlo
method, truncated series of Chebyshev polynomials, the fictitious domain method. A special attention has been given to the
task of searching methods based on analytical procedures that generate accurate results to the transport problems. We men-
tion: the spectral method, [8,2], the method proposed by Case and Hazeltine for SN equations, [9,21], the spherical harmonics
method, that expends the flux in Legendre polynomials, [10,11] and the techniques that solve the inverse radiative-transfer
problems of homogeneous equations with the binomial scattering law and Henyey–Greenstein scattering law, [7]. The exis-
tence of solution to the problem of transport of particles was proved using functional analysis methods, [12,13].

The basic ideas of the homotopy, which is a concept of the topology and differential geometry, were used to obtain the
approximate solutions for a wide class of differential, integral and integro-differential equations. The recent works [14,22]
and [15], show that the solutions obtained by the homotopy perturbation method, variational iteration method and Adomian
decomposition method are only special cases of the homotopy analysis method solutions. In this study, using the homotopy
analysis method (HAM) established in 1992 by Liao [14] and the results obtained by the authors of the papers: [16–20,6,15],
a new approach is presented to have the series solutions for an integro-differential equation. Unlike the works already

0307-904X/$ - see front matter � 2012 Elsevier Inc. All rights reserved.
http://dx.doi.org/10.1016/j.apm.2012.08.023

E-mail address: omartin_ro@yahoo.com

Applied Mathematical Modelling 37 (2013) 3959–3967

Contents lists available at SciVerse ScienceDirect

Applied Mathematical Modelling

journal homepage: www.elsevier .com/locate /apm

http://dx.doi.org/10.1016/j.apm.2012.08.023
mailto:omartin_ro@yahoo.com
http://dx.doi.org/10.1016/j.apm.2012.08.023
http://www.sciencedirect.com/science/journal/0307904X
http://www.elsevier.com/locate/apm


published, the unknown function in our problem of particle transport depends on two variables. The comparative study be-
tween the solution obtained with the help of our algorithm for a numerical example with the appropriate exact solution
leads to the conclusions regarding the values of the errors.

2. Problem formulation

Let us consider the integral–differential equation of transport theory for the stationary case:
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with the following boundary conditions:

uð0;lÞ ¼ 0 if l > 0; uð1;lÞ ¼ 0 if l < 0; ð2:2Þ

where

� u(x,l) is the density of neutrons, which migrate inside an isotropic medium toward a direction that makes the angle a
with x axis and l = cos a;
� rs is the scattering coefficient, ra is the absorption coefficient, r ¼ rs þ ra, for which there is a constant r0 with the

property

r� rs ¼ ra P r0 > 0 ð2:3Þ

� f(x,l) is a known particles source function.

Next we consider that the function u belongs to a Hilbert space L2(D), where D = D1 � D2 and the norm is defined by the
formula
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Theorem. If u 2 L2ðDÞ and f 2 L2ðDÞ, then the solution of the problem (2.1) and (2.2) verifies the inequality
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Multiplying (2.1) by u and integrating with respect to x and l, we get
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Using the integration by parts and the boundary conditions in the first integral, we have:Z 1
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On the other hand, the Cauchy–Schwarz inequality leads to
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