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DEPARTMENT OF MATHEMATICS
ORDINARY DIFFERENTIAL EQUATIONS

Course: MATE 4009, LW 10-11:20 AM
Prerequisites: MATE 3152 - Calculus 2.

Professor: P. Pennance!

Office: Department of Mathematics, C-118
Tel: 764 0000 ext 88264

Remarks

The theory of differential equations plays a fundamental role in almost every branch of
science, mathematics, engineering and economics. By means of differential equations we can
describe the evolutionary processes of systems possesing the properties of determinacy and
differentiability. For example, the trajectory of a particle in a gravitational field is described
by Newton’s equation.

This course will provide an introduction to what are known as ordinary differential for
students who have completed a standard calculus sequence.

Vector Field V = [~y, 7] Corresponding autonomous system:
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Catalog Description

MATH 4009.Differential Equations. Three credits. Three hours of lecture per week.
Prerequisite: MATH 3152. Recommended MATH 4031 Linear Algebra
Ordinary differential equations of the first order. Linear differential equations with con-

stant coefficients. Linear differential equations of the second order. Systems of differential
equations. Applications.

https://pennance.us
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Objectives

After this course the student is expected to:

1. to have developed their skills in thinking logically, formulating precise mathematical
arguments, solving problems and presenting solutions in the context differential equa-
tions.

2. to have become familiar with the main definitions, concepts, results and methods of
proof relating to each part of the syllabus.

3. be able to quote the definitions and results, and to reproduce the proofs of some key
results.

4. be able to solve problems relating to the material covered and present the solutions
in a good mathematical style. These might be straightforward applications of the
definitions and results but might also be problems of a more testing nature.

Syllabus

1. Overview of Differential Equations [3 weeks]

(a
(b
(c
(

) The definition of an ordinary differential equation.
)

)
d) Direction fields and their properties.
)

)

Examples of different types of differential equations.

Definition of a solution. Maximal solutions.

(e) Differentiable equations soluble by elementary methods.
(f

(g) Existence and uniqueness of solutions.

Non dimensionalization.

2. Differential equations of first order [3 week]

(a) First order linear differential equations

i. The homogeneous equation.
ii. Formula for a particular solution.
iii. Special cases of particular solutions for constant, exponential, sinusoidal, step
function and delta function inputs.
(b) Autonomous differential equations.
i. The initial value problem z’ = v(x).
ii. Implicit form of the solution.
iii. Examples of non uniqueness of solutions at a critical point.
iv. Uniqueness at a critical point when v is differentiable.
v. Phase line and phase space.

vi. Stable equilibria, unstable equilibria.
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vii. Symmetry considerations.
3. Review of linear algebra [2 weeks]

(a) Definition of a vector space and examples.

(b) The subspace criterion.

(¢) The dimension of a vector space.
)

(d) Linear maps and linear equations.
4. Linear differential equations of second order [5 weeks]

(a) Dimension of the null space of the homogeneous equation.
(b) The Wronskian and linear independence.
(¢) The inhomogeneous second order linear differential equation.

1. Method of undetermined coeflicients.

ii. Variation of parameters. Connection
(d) Linear differential equations with constant coefficients.

(e) Solution of the homogeneous equation where the characteristic polynomial has
distinct real roots, repeated roots, complex roots.

(f) Qualitative and quantitative analysis of the forced damped oscillator equation

i. Cases of zero damping, small and heavy damping.
ii. Resonance and beats. Amplitude modulation.
iii. Solution techniques using complex numbers.
iv. Solution by variation of parameters and derivation of the Greens function.

v. Convolution and impulse response.

5. The Laplace Transform [1 week]
(a) Definition of the Laplace transform
(b) Convergence.
(c) Shift and other theorems.
(d) Convolution.

)

(e) The Laplace transform of a differential equation with non-constant coefficients.
6. Exact differential equations, and conservative vector fields |1 week]

(a) Exact equations

(b) A geometric interpretation of integrating factors in terms of the trajectories in
the associated autonomous system.

(¢) Necessary and sufficient conditions for exactness.

(d) Orthogonal trajectories.
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Text
1. Walter Leighton, A First Course in Ordinary Differential Equations, Wadsworth 1976.
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Electronic Resources

1. Math 4009 Course Page
(https://pennance.us/mathematics-course-pages/).

2. Online Lectures from MIT by Gilbert Strang.
(https://ocw.mit.edu/courses/res-18-009-learn-differential-equations-up-close-with-

3. Wolfram Alpha, http://www.wolframalpha.com

Evaluation

Your grade will be based upon three partial exams three exams (80%) and homework (20
%).

The grading scale will be no worse than the following: A: 90— 100; B: 80 —89; C: 65— 179;
D: 50-64; F: < 50.



