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Thought experiment. Aristotle wakes
from the dead.
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Thought experiment. Aristotle wakes
from the dead.
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Thought experiment. Aristotle wakes
from the dead.
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The Aristotelian projectile
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The Aristotelian projectile
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The Aristotelian projectile

e Does any real projectile near

the Earth's surface move like

Aristotle's cannonball?
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Maybe...Consider a fly in honey.
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Maybe...Consider a fly in honey.

Reynolds number.
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Agenda

. Wha is the Reynolds number?
e What does it signify?

* Examples

e Application to Aristotle's cannon |
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Definition of the Reynolds number

e Notation: R

o , oI
e Definition: R = ’””

e \What do the parameters in the definition signify?
p = density of the medium
v = characteristic speed

L = characteristic length scale

n = Huid viscosity
= ]
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What does the Reynolds number signify?

Viscous force

A EleaoRey
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2 length scales, 2 worlds, no

quanfum mechanics
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2 length scales, 2 worlds, no

quanfum mechanics

eR<<1
e Laminar flow
* Equation of motion (Navier-Stokes) approximately
doesn't depend on time

e Time reversible — Ask for an example during Q&A!
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More facts about the
Reynolds number
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Example #2: Reynolds number of a

cannonball in air

p~ lkg - m™ (1)
v~ 10°m/s (2)

L ~ 10" 'm (3)

n~ 107" Pa - s (4)

(1) http /'www mhtl uwaterioo ca/old/onlinetoois/ arprop/airprop. htm|
(2) Seems reasonable. no?
e . & facts D000 lanodarChina sheml
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Under what conditions could a

cannonball have R < 17
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Under what conditions could a

cannonball have R < 17

e Stokes Law for frictional force.
F; = 6IInRv ~ 611(10° Pa - s)(10=1 m)(10% m/s) ~ 20,000 N

e Gravitational force. | Fo = mg ~ (5 kg)(10m -s™%) =50 N
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Under what conditions could a

cannonball have R < 17
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Conclusions

¢ Characteristics associated with R. dominant force, flow type,

time reversibility, how long momentum carries you
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[ think we're safe from the undead Aristotle.
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Surface Gravity Wave
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o Motivation
© Basic Assumptions

© Solution in a Special Case

0 Application: Why Are Waves Parallel to the Shore

e Conclusion
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Motivation

The water wave is the most familiar and intuitive wave motion

@ Not so simple

@ Neither
longitudinal nor
transverse

@ Non-trivial
dispersion relation
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Motivation

The water wave is the most familiar and intuitive wave motion

@ Not so simple

@ Neither
longitudinal nor
transverse

@ Non-trivial
dispersion relation

@ Airy wave theory
or Linear wave

theory
or
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Motivation

The water wave is the most familiar and intuitive wave motion

Not so simple

@ Neither
longitudinal nor
transverse

@ Non-trivial
dispersion relation

@ Airy wave theory
or Linear wave

theory
or
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Basic Assumptions

@ Inviscid
The stress tensor is pJ;;

@ Irrotational
Vxu=0=u=Vo
¢ Is called the velocity potential
@ Incompressible
f')/J ’
—_— :():‘.-V-H =) = v'('n:()

19/,
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Basic Assumptions

@ Inviscid
The stress tensor is pJ;;

@ lrrotational
Vxu=0=u=Vo
¢ Is called the velocity potential

@ Incompressible
()l] )}
e ==Y st =0 =2V*0=1
ol
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Solution in a Special Case

@ The velocity potential ¢ satisfied the Laplacian equation
Y‘JU =1

@ We can solve ¢ for certain boundary conditions
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Solution in a Special Case
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Solution in a Special Case

The linearised boundary
conditions are

ao=0m, =0

r')‘..-_'; = {). :=—H
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Solution in a Special Case

The linearised boundary
conditions are

o.o=0mn, =0

r')‘..-_'; —3 ) } :=—H
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Neither longitudinal nor transverse

The corresponding solution is

5 _aw cosh(k(z+ H)) O T—

k sinh(AH)

Take the derivative of ¢ we get the velocity field

: cosh(k(z+ H))
Uy = O® = aw sin(Ax — wr)

sinh(kH)

sinh(k(z + H
U, = 0, = —aw- ) COS(Ax — wr)

sinh(AH )

and we see neither of u, and u- is zero, i.e. the Surface G
neither longitudinal nor transverse.
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Neither longitudinal nor transverse

The corresponding solution is

" _aw cosh(k(z+H)) gy — i}

k sinh(kH)

Take the derivative of ¢ we get the velocity field

: cosh(k(z+ H))
Uy = OZQ = aw sin(Ax — wt)

sinh(kH)

sinh(k(z + H
b = O = —(1.4.'\ ) Cos(Ax — wt)

sinh(AH )

and we see neither of u, and u. is zero, i.e. the Surface Gravity Wave js
neither longitudinal nor transverse.
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Non-trivial dispersion relation

The relation between w and k£ comes from the unsteady Bernoulli's
equation (linearised version)

Do o (')2!/ 0
- t8N=—F75, I=
dt l p Ox-

where o Is the surface tension coefficient.

Plug the previous solution in we get

3 a 34 .
w- = (gk + —k7) tanh(kH )
f’

] 11:10 AM
v a0 W 17-Ann-17

Pirsa: 12080041 Page 37/137



Pirsa: 12080041

Application: Why Are Waves Parallel to the Shore

The waves on the beach always come parallel to the shore.

) a 1. y
w* = (gk + —k7) tanh(kH )
IJ

@ Near the shore Large wavelength and Shallow water= small k, H
9

g
E -

. ok*/p and kH << 1, the dispersion relation is simplified
..L’: = .!.,’HA:

@ The wave velocity is ¢ = /gH, decreasing as the wave
approaching the shore.

-y 11:10 AM
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Application: Why Are Waves Parallel to the Shore

The waves on the beach always come parallel to the shore.

Y (-r “ v
w- = (gk + —k ) tanh(kH )
IJ

@ Near the shore Large wavelength and Shallow water= small k, H
Q

¢ >> ok*/pand kH << 1, the dispersion relation is simplified

)
Ww- = QHA

@ The wave velocity is ¢ = /gH, decreasing as the wave
approaching the shore.
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Conclusion

@ Inviscid irrotational incompressible water
@ Solve Laplacian equation for certain boundary condition

@ Got the velocity field and the dispersion relation
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The Physics Model of Hanging Ropes

Hanging chain
Support: at the two ends
Gravity
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The Exact Shape of Hanging Ropes
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The Exact Shape of Hanging Ropes

The potential energy functional

U = [ pgryf1+(y) d

should reach its minimum

dl = 0+ .1"'\&\‘

11:18 AM |
17-Ann-1?)
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The Exact Shape of Hanging Ropes

Euler-Lagrange Equation

I = [u(.\'. V(x), V'(x))dx = ‘lpgy\/l +(_1"):c'/.\°

11:20AM |
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The Exact Shape of Hanging Ropes

Euler-Lagrange Equation

i = [u(.\'.\ (x), ) )(/\— p01\/1+ " dv

y(x) = y(x)+€(x), oU =0

11:20AM |
17-Anin-1?)
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The Exact Shape of Hanging Ropes

Euler-Lagrange Equation

I = Ju (x, v(x), V' (x))dx = [ pgl'\/l +( y'): dx

1(x) = y(x)+e(x), U =0

1 du o |
d du _du_

dx 0y" oy

irsa: 12080041 Page 48/137



The Exact Shape of Hanging Ropes

Result: hyperbolic cosine function
v(x)=acosh(x/a), a=1,/(pg

irsa: 12080041 Page 49/137



The Exact Shape of Hanging Ropes

Result: hyperbolic cosine function
v(x)=acosh(x/a), a=1,/(pg
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The Application of Hanging Ropes
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The Application of Hanging Ropes
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Slipstreaming:
Nature's Fast Lane

Marie Rider

17th August 2012
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Overview

@ Why do we need to talk about slipstreaming?

@ What is the physics behind slipstreaming?

e w oM

17-Ann-17
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Motivation
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Motivation
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