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Announcements & Key Concepts (re Today)

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

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

Some relevant underlying concepts of the day...

> Fluid (& Gas) basics

» Pressure

> Sound = Oscillations

> Harmonic oscillator






Fluids

—> Implicitly or explicitly, much of our recents efforts
have revolved around the notion of fluids...




Sound...

Pulkki & Karjalainen (2015)



Fluids vs Gases (vs Solids)

> What is a fluid?
> Sound only propagates in air, right? Which is a gas, right?

> Wait, what is a gas?

"States of matter”

Knight



Fluids vs Gases (vs Solids)

Knight



Aside: Phase transitions

Kesten & Tauck



Fluids & Gases: Basic Considerations

» Density

> Pressure

» Pascal' Principle

» Buoyancy & Archimedes

» Fluid statcis vs dynamics

» Bernoulli 2 Convection REVISITED

Knight



Recall (re pressure)

Kesten & Tauck ch.11
Kesten & Tauck ch.14

pV = NkT (ideal-gas law)

> Pressure (a scalar, i.e., not a vector) is directly
related to force

> But that must mean “area” is a vector

too(!1?!)

Changes in pressure
is how sound energy
propagates

Wolfson



Recall (re a barometer)

—> Basic concepts stemming from Newtonian
mechanics apply to fluids and gases too

Wolfson



Fluids/Gases: Pressure

So is it okay to divide two
vectors then?

Kesten & Tauck



Fluids/Gases: Pressure & Depth (& Atmospheric pressure)

Kesten & Tauck



Fluids/Gases: Pressure difference

Changes in pressure is how sound energy propagates

Kesten & Tauck



Sound...

Pulkki & Karjalainen (2015)



What is sound?

Pressure
Snapshot in time

Position

Speaker Ear

- Note the periodic nature present....

Pulkki & Karjalainen (2015)



Connection Point

— Can think of sound as
introducing a bit of a bias!



Things that oscillate....




Things that oscillate....




Shaskol’Skaya & EI'Tsin (1963)



Shaskol’Skaya & EI'Tsin (1963)



Ex. (SOL)

- This is actually a
center-of-mass question!

Shaskol’Skaya & EI'Tsin (1963)



Shaskol’Skaya & EI'Tsin (1963)



What is sound? (REVISITED)

— The notion of acoustics deals not just with oscillations, but waves as well....

Pulkki & Karjalainen (2015)



Harmonic oscillator

“mass-on-a-spring”

> One of the most fundamental/canonical problems in physics



Periodicity

|
Frequency & period f= ;

1 Hz = 1 cycle per second = 157"

Units of frequency |
Frequency Period

10° Hz = 1 kilohertz = 1 kHz 1 ms
10° Hz = 1 megahertz = 1 MHz 1 us
10° Hz = 1 gigahertz = 1 GHz I ns

Angular frequency

. 21 .
w (In rad/s) = 7 = 27rf (in Hz)

Knight






Harmonic oscillator: Theory

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

Newton’ s Second Law &

F = ma = I = —kfl? Hooke’ s Law

,f.l'} —|— — X = 0 Second order differential
m equation

CE(t) = A COS (wot -+ ¢) = Solution is oscillatory!

. / System has a
Wo = k/m natural frequency



Harmonic oscillator

x(t) = Acos (wot + ¢)

|
wo =V k/m fZ}



Harmonic oscillator: Energy

Consider the system’ s energy: E=T+U = %miz -+ %kxz

> Two means to store energy: mass and spring

> Oscillation results as energy transfers back

and forth between these two modes (i.e.,
system is considered second-order)

“phase plane”
portrait for HO



