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Abstract
This thesis in overall consists of four chapters, distributed as follows:

Chapter 1: contains the basic concepts of the theory of functional
differential equation and some preliminary results of the oscillation
theory of first and second order delay differential equations.

Chapter 2: we give an introduction to the theory of dynamic equations on
time scales, differentiation, integration, and some examples of time
scales. Also, we present various properties of the exponential function
on arbitrary time scale, and use it to solve linear dynamic equations on
time scales.

Chapter 3: we present the most important studies for the oscillation
theory of first and second order delay dynamic equations on time and
establish some new oscillation criteria for the second order nonlinear
delay dynamic equations.

Chapter 4: In this chapter, we present some new oscillation criteria for the
second order nonlinear delay dynamic equation with damping and some
new oscillation criteria for the second order nonlinear advanced
dynamic equation.
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Chapter 1

Preliminaries

This chapter is considered as a background for the material included
in the thesis. In this chapter, we present some basic concepts of the
theory of functional differential equations and sketch some preliminary
results which will be used in this thesis. Also, we describe some of
the recent developments in oscillation theory of first and second order
delay differential equations and investigate the existence of oscillatory
solutions of second order delay differential equations.

1.1 Functional Differential Equations

1.1.1 Initial Value Problems

In this section, we give the definitions of ordinary differential equa-
tions and functional differential equations. Also, we present the state-
ment of the basic initial value problems and classifications of equations
with delay.

Definition 1.1.1 An ordinary differential equation (ODE) is a rela-
tion that contains function of only one independent variable, and one
or more of its derivatives with respect to that variable for the same
arguments values.

Definition 1.1.2 [42] A functional equation (FE) is an equation in-
volves an unknown function for different argument values. The differ-



1.1. FUNCTIONAL DIFFERENTIAL EQUATIONS

ence between the argument values of the unknown function and t in the
FE are called argument deviations.

Example 1.1.1 The equations x(3t)+4t>z(6t) = 4, and z(t) = e'z(t+
1) — [z(t — 3)]* are ezamples of FEs.

Remark 1.1.1 [42] If all argument deviations are constants (as in the
second equation of the above example), then the FE is called a difference
equation.

Combining definition 1.1.1 and definition 1.1.2, we obtain the defi-
nition of functional differential equation (FDE), or equivalently, differ-
ential equation with deviating argument as follows:

Definition 1.1.3 [42] A functional differential equation is an equation
contains an unknown function and some of its derivatives for differ-
ent argument values. The order of a FDE is the order of the highest
derivative of the unknown function. So, a FE may be regarded as a
FDE of order zero.

Definition 1.1.4 The ordinary differential equation
2(t) = f(t,) (1)
together with the equation
x(tog) = o, (1.2)

is called an initial value problem (Eq. (1.2) is called an initial condi-
tion).

It is well known that under certain assumptions on f the initial value
problem (1.1) and (1.2) has the unique solution,

x(t):x(to)—l—/f(s,x(s))ds for  t>t (1.3)

Definition 1.1.5 The differential equation of the form
2(t) = f(t,z(t),z(t — 7)) with 7>0 and t>ty,, (1.4)

in which the right-hand side depends on the instantaneous position x(t)
and the position at T units back x(t — T), is called an ordinary differ-
ential equation with delay or a delay differential equation.
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