
A list of topics covered in Math 216: Winter 2017

Disclaimer: This is just a list of prompts to remind you if you’ve forgot-
ten to look over a topic. To study for an exam it may be worthwhile to
make your own list of topics covered (with more detailed statements of relevant
results/techniques), along with going through practice problems, the practice
exam, old homework and lab problems, etc.

In reverse chronological order:

Chapter 7

• Finding critical points of autonomous linear systems (in 2D and 3D)

• Linearizing around isolated critical points (in 2D anywhere, in 3D around
the origin as in labs)

• Analyzing stability around critical points in 2D based on linearization
(Theorem 7.2.2 and stability in Table 7.2.2 especially)

• Drawing phase portraits for 2D nonlinear systems by linearizing around
critical points, and making reasonable guesses for trajectories of initial
conditions based on this

Chapter 6

• Systems of first order ODE

– Converting higher order systems to first order systems

– Existence and uniqueness

– Linear independence, superposition of solutions, form of general so-
lution

• Systems with constant coefficients

– General form of solutions to dx/dt = Ax for matrices A with distinct
eigenvalues (either real or complex – should be able to write down
real valued solutions in the latter case)

– Ability to find eigenvalues/eigenvectors for very simple 3×3 matrices
(nothing more complicated than example 2 in the “Final: practice
problems” pdf posted on the practice problems portion of the 216
website)
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– Determining trajectories based on knowledge of eigenvalues/eigenvectors
(Example 1 in section 6.3 of the text, Example 1 in section 6.4 of the
text)

– Nonhomogeneous linear systems (Simple applications of the method
of undetermined coefficients as in the webwork, especially)

Chapter 5

• The definition of the Laplace transform and basic properties

• Using a table and basic properies to take Laplace transforms and inverse
Laplace transforms

• Using partial fractions when necessary to take inverses (e.g. exercises in
5.3)

• Interactions with step functions

– Writing piecewise functions in terms of step functions

– Theorem 5.5.1 and its consequences

• ODES with step function forcing terms (e.g. exercises 1-13 in 5.6)

• ODEs with δ-functions as forcing terms (e.g. exercises 1-12 in 5.7)

• The basic properties of convolution integrals

Chapter 4

• Spring-mass systems

• Second order linear systems (existence & uniqueness, superposition, linear
independence)

• Constant coefficient second order equations and the characteristic equation
leading to solutions

• Phase portraits of the system (x, v) = (x, x′) that comes from second order
linear ODE

• Phase-amplitude form for solutions

• Distinction between underdamped oscillator ODEs and critically-damped/overdamped
ODEs

• Forcing terms for second order ODE

– Using the superposition principle for linear differential operators L
(that is, Theorem 4.5.1)

– Finding particular solutions (and thus general solutions) via the method
of undetermined coefficients / Terminology of ‘steady state’ and ‘tran-
sient’ solutions
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– Finding particular solutions via variation of parameters (needn’t mem-
orize the formula)

• Resonance (qualitative behavior of solutions under sin or cos forcing, es-
pecially amplitude, both without damping and with damping)

Chapter 3

• Solving linear equations in two variables (in order to find eigenvectors, or
solve for initial conditions)

• General solutions to dx/dt = Ax for constant matrices A, drawing phase
portraits and directions fields

• Existence and uniqueness for dx/dt = P (t)x + g(t)

• Solutions to

dx/dt =

(
a b
c d

)
x +

(
e
f

)
• Principle of superposition

• Linear independence of vectors

• Types of phase portraits based on eigenvalues and eigenvectors (Tables
3.3.1, 3.4.1, and 3.5.1)

• Complex eigenvalues/eigenvectors, and repeated roots/generalized eigen-
vectors for 2 × 2 systems

Chapter 2

• Separable ODE (method for solving)

• Integrating factors (method for solving)

• Modeling with ODE (tanks with salt, falling objects, etc.)

• Existence & uniqueness (for dy/dx = f(x, y) and y′ + p(t)y = g(t))

• Population dynamics and the logistic equation (for one isolated population
only)

Chapter 1

• Phase lines for autonomous 1D ODE (e.g. dP/dt = f(P ))

• Stability around critical points

• Slope fields
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