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ABSTRACT

This study concentrates on dispersion of the gaseous pollutants. The diffusion
equation is used to model the concentration from a various distance by the temperature
invariants. This study features the group-theoretical method form the similarity
techniques. This method is applicable and appropriate to nonlinear partial differential
equations. From the similarity solutions, a one-parameter group of transformation
provides the equation to be conformally invariance. By introducing of similarity
variables, the nonlinear partial differential equation can be reduced to a second order
differential equation. Applying boundary conditions and assuming the arbitrary constant
for some unknowns, a particular solution of the diffusion equation is obtained. The result
is shown for two cases where no pollutant is absorbed by the ground and where all
pollutants are absorbed by the ground.
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ABSTRAK

Kajian in tertumpu kepada penyerakan oleh pencemaran gas. Persamaan
penyebaran digunakan untuk permodelan kepekatan daripada pelbagai jarak dengan
suhu yang tidak berubah. Kajian ini bercirikan kaedah teori kumpulan membentuk
teknik seiras. Kaedah ini adalah sesuai dan diapliksikan pada persamaan pembezaan
separa yang tidak linear. Daripada penyelesaian similariti, transformasi kumpulan
dengan satu-parameter membekalkan persamaan tersebut sebagai konformal tetap.
Dengan pengenalan pemboleh ubah seiras, persamaan pembezaan separa yang tidak
linear boleh dikurangkan kepada satu persamaan pembezaan susunan kedua.
Pengaplikasian keadaan sempadan dan jangkaan untuk pemalar yang rambang bagi
beberapa anu, suatu persamaan tertentu bagi penyelesaian untuk persamaan penyebaran
telah diperolehi. Hasil kajian ditunjukkan untuk dua kes yang berbeza iaitu tiada

pencemaran diserap oleh tanah dan semua pencemaran diserap oleh tanah.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

Engineering problems involving a continuum, such as the elastic behaviour of
solids, the motion of fluids and the movement and transport of heat and contaminants,
are most often modelled with partial differential equations. In actual fact, all of these
models are an approximation to reality, but the correspondence between solutions of
these equations and reality is often so close that these models can be used both to
study the physical behaviour of reality and to also predict future behaviour for
engineering design purposes. Therefore, even students who may never actually
calculate a new and original solution to a set of equations will find exposure to this
topic helpful for two reasons: firstly, it provides an efficient way to study and
understand the physical behaviour of engineering problems, and, secondly, analytical
and numerical solutions of partial differential equations provide the basis for a large

number of computer software programs that are used for engineering designs.

A number of methods for obtaining the numerical solutions can be used to
solve the problems in science and engineering fields. Thus, we have to choose a
suitable method to work out the problem but at the same time



we need to try to reduce the size of the system of the equations and also the
computation time while maintaining its accuracy. With the assist of some computer
system or symbolic computation software such as MATLAB, C programming,
FORTRAN, MAPLE and so on, it is helpful in compiling the numerical result and to

get highly accurate result within a short period of time.

1.2 Background of the Study

A differential equation is an equation that involves specified derivatives of an
unknown function, its values, and known quantities and functions. Many physical
laws are most simply and naturally formulated as differential equations. For this
reason, differential equations have been studied by many great mathematicians and
mathematical physicists since the time of Newton. Ordinary differential equations are
differential equations whose unknowns are functions of a single variable; they arise
most commonly in the study of dynamical systems and electrical networks. They are
much easier to treat than partial differential equations, whose unknown functions
depend on two or more independent variables. Ordinary differential equations are
classified according to their orders. The order of a differential equation is defined as
the largest positive integer, n, in which the highest derivative, the nth order, occurs in
the equation. Thus, an equation of the form @(x,y,y") = 0 is said to be of the first
order. A differential equation of the form t2y” + aty + by = 0,t > 0 where a, b

are real constants, is called Euler’s equation, and it is a second order equation.

Differential equations have wide range of applications in various engineering
and science disciplines. In general, modeling of the variation of a physical quantity,
such as temperature, pressure, displacement, velocity, stress, strain, current, voltage,
or concentration of a pollutant, with the change of time or location, or both would
result in differential equations. Similarly, studying the variation of some physical

guantities on other physical quantities would also lead to differential equations. In



fact, many engineering subjects, such as mechanical vibration or structural dynamics,
heat transfer, or theory of electric circuits, are founded on the theory of differential
equations. It is practically important for engineers to be able to model physical
problems using mathematical equations, and then solve these equations so that the

behavior of the systems concerned can be studied.

Linear and nonlinear partial differential equations arise in various fields of
science and numerous applications, e.g., heat and mass transfer theory, wave theory,
hydrodynamics, aerodynamics, elasticity, acoustics, electrostatics, electrodynamics,
electrical engineering, diffraction theory, quantum mechanics, control theory,

chemical engineering sciences, and biomechanics.

Differential equations, both ordinary and partial, are sometimes invariant to
groups of algebraic transformations, and these algebraic invariances are also
symmetries. About a hundred years ago, a Norwegian mathematician, Sophus Lie, hit
upon the idea of using the algebraic symmetry of ordinary differential equations to
aid him in their solutions. In the course of his work, he achieved two profoundly
important results: he showed how to use the knowledge of the transformation group
to construct an integrating factor for first-order ordinary differential equations and to
reduce second-order differential equations to first order by a change of variables.
These two results are all the more important because they do not depend on the
equation’s being linear. (Helgason (1994))

1.3 Statement of the Problem

In engineering and science world, there are many problems that are difficult
to solve. If these problems are modelled as ordinary differential equations, then the

problem may become easier to solve. We have been accustomed to solving ordinary



differential equations by obtaining the sum of a general solution and a particular
solution and then using either initial or boundary conditions to determine unknown
constants in the general solution. The general solution of a partial differential
equation, however, contains unknown functions with specified arguments, and the
determination of these unknown functions is not always easy. Furthermore, general
solutions of second-order partial differential equations can be found only for a small
number of the very simple equations. In problems involving partial differential
equations, a solution method that work for one problem may not work for slightly

different problems.

There are two problems need to be solved in this study.
Problem 1: there is no pollutant absorbed by the ground.

Problem 2: all pollutants are absorbed by the ground.

Group-Theoretical Method forms the similarity techniques has been
discovered in order to reduce the nonlinear second order partial differential equation
into second order ordinary differential equation. In short, group theoretical method is

a powerful method applicable in solving nonlinear differential models.

1.4  Objectives of the Study

The objectives of the study are as follow:

1. To apply a parameter group of transformation on diffusion equation.
2. To predict the pollutant concentration from a source by application of
similarity techniques.

3. To analyze the numerical results for two problems using MAPLE software.



1.5  Scope of the Study

This study will focus on the dispersion of the gaseous pollutants. The
governing equation describes on the phenomena in the partial differential equations.
By using similarity solution techniques, the equation can be reduced to the second

order ordinary differential equation. The later equation is then solved by MAPLE.

1.6  Significance of the Study

The result of this research will give benefits to mathematics and engineering
fields. Many engineering problems involve nonlinear problems and as we know
nonlinear equations are difficult to be solved analytically compared with linear
equations. Therefore, the mathematical concept, analytic method or mathematic tools
such as group-theoretical method form the similarity techniques and MAPLE
program are used to simplify the complicated problems. Sedov (2009) had proved
that many physical applications were successfully solved by applying similarity

solution into the equations.

1.7 Outline of Report

The aim of this report is to apply the similarity solutions for solving some
nonlinear problems. This report consists of six chapters and it is organised as follows.
In Chapter 1, the introduction, describing background of the problem, statement of
the problem, objectives of the study, scope and significance are demonstrated. In

Chapter 2, the concept, theory and review of diffusion equation and group-theoretical



method are discussed. Similarity concepts, transformation group and concept of
invariance are introduced in Chapter 2 as well. Chapter 3 discussed about the
mathematical model and solution steps of similarity solution. Chapter 4 reviewed on
numerical results that obtained from software or tools. Some graphs may use to
present the numerical result. In the last chapter which is Chapter 5, the study is
concluded and summarized. A number of useful recommendations are also suggested

for the purpose of further research.
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