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Sum People
Work out which number is represented by which person and fill in
the question mark
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Announcements & Key Concepts (re Today)

Ø Harmonic oscillator

Some relevant underlying concepts of the day…

Ø Oscillations: Basics

Ø Things that oscillate...

Ø Harmonic oscillator

à Final exam: Saturday, Dec. 14 (start preparing!)

à Online HW #8 (re fluids): Posted and due Friday (11/22)





What is sound?

Position

Pressure

Speaker Ear

Snapshot in time

Pulkki & Karjalainen (2015)

à Note the periodic nature present....



Things that oscillate....



Harmonic oscillator

“mass-on-a-spring”

Ø One of the most fundamental/canonical problems in physics



Review (re "Measuring Force")

Wolfson

Ø Springs are an intuitive means 
(i.e., compression/extension)

à Implicit in this idea is the notion of 
energy (e.g., the spring stores energy as 
it is displaced from equilibrium). We’ll 
revisit this idea soon...   

Hooke’s Law 
(ideal spring)

Ø If you know k, than measuring 
how much compression (i.e., x) 
tells you something about the 
associated forces

à k is called the stiffness
(or “spring constant”)



Harmonic oscillator: Free-body diagram

Resnick & Halliday (1966)





Knight

Periodicity

Frequency & period

Angular frequency



Sinusoid has 3 basic properties:
i. Amplitude - height 
ii. Frequency = 1/T [Hz]
iii. Phase - tells you where the peak is 

(needs a  reference)

Þ Phase reveals timing information

(x2)

Trigonometry Review: Sinusoids



à Size is key here

Trigonometry Review: Magnitude

Magnitude = Amplitude



à �Timing� is key here
(on a cycle-by-cycle basis)

Trigonometry Review: Phase



Knight



Ø Let’s consider the simplest case: Undamped, Undriven (aka “simple harmonic oscillator”) 

Newton�s Second Law &
Hooke�s Law

Second order differential
equation

Þ Solution is oscillatory!

System has a 
natural frequency

Harmonic oscillator: Theory



Harmonic oscillator



Consider the system�s energy:

“phase plane” 
portrait for HO

Harmonic oscillator: Energy

Ø Oscillation results as energy transfers back 
and forth between these two modes (i.e., 
system is considered second-order) 

Ø Two means to store energy: mass and spring



Harmonic oscillator: Energy

Knight



Ex.

Knight



Ex. (SOL)

Knight

c



Ex.

Knight



Ex. (SOL)

Knight

c > b > a = d



Ex. "Frog's eardrum"

Kesten & Tauck

Note: This example 
would be better placed 
in sec.12.8 (as it is both 
a forced and damped
oscillator situation)


