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Lecture Schedule.
2014-10-15 (Wed): MATH 08, Qualitative Behaviour of Second-Order Systems

Overview. This is a light week for Math, with just one lecture and no computer lab. It’s a golden
opportunity to go beyond understanding the algebraic details of standard calculations, and add
some deep understanding of what they mean.

Learning Goals. You have mastered this week’s material when you can . . .

1. Look at a map of the complex s-plane showing the characteristic roots associated with
a given linear differential operator, and decide at a glance if the corresponding system is
stable or not.

2. Decide without doing any calculations whether a given second-order linear differential op-
erator L[y] = aÿ+bẏ+cy represents stable or unstable system dynamics. (Also, know what
the two words in italics mean, and which one is preferable.)

3. Classify a given second-order linear operator L as unstable, undamped , underdamped , crit-
ically damped , or overdamped .

4. Translate a story about a mass-spring system with viscous damping, or an RLC circuit,
into an ODE with initial conditions. Solve that equation, and interepret the solution in
terms appropriate to either the kinematic or electrical context. [This goal will be supported
mostly through the textbook readings below, with plenty of reinforcement soon to arrive in
both Circuits and Dynamics classes.]

Textbook Sections. Read JL section 2.4, and WFT sections 6.1–6.3, focussing only on the “un-
forced” case. Notice that both textbook authors prefer to see a minus sign in the standard oscillator
cos(ωt − γ), whereas we favour cos(ωt + φ). For JL, just substitute φ = −γ to settle this. Un-
fortunately, WFT doesn’t use the letter γ: he uses φ. To keep that choice separate from ours,
attach a subscript to everybody else’s choices. Thus, our φ = −φWFT = −γJL. Then, be extra
cautious whenever you read or hear about “the phase angle.” Since different people and different
subjects prefer different signs, this phrase must be used with great care. It’s safest always to write
an explicit mathematical expression instead of relying exclusively on the words.

⊓⊔ JL 2.4 — Mechanical Vibrations: Read this whole section. Practice on problems
#2.4.4–6, 2.4.101. For problem 2.4.102, comment on the component values but don’t bother
solving.

⊓⊔ WFT 6.1 — Spring Problems I: This is the undamped case. Skip the later part of
the writeup, on “Forced vibrations”: we’ll look at that together next week. Practice on
problems 6.1 #1–9, 14.

⊓⊔ WFT 6.2 — Spring Problems II: Now Trench adds viscous damping. Again, read only
up to “Forced vibrations.” Practice on problems 6.2 #1–12, 22, 23, 24. [In #24, match your
findings with the related formulas in the Dynamics part of the standard formula booklet.]

⊓⊔ WFT 6.3 — The RLC Circuit: Just skim this. The problems are not very inspiring.

Next Week’s Test. On Thursday 23 October 2014, there will be a 110-minute test starting at
08:00. Out of the 75 marks available in total, the number designated for “Math” is 10. The
questions will focus on material detailed in the Learning Guides for Weeks Three and Four.
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