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Dispersion relation
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Dispersion relation for water waves
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Dispersion relation
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Dispersion relation

" = tanh(kH) (7%3 + Z%)
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Difference between group velocity v=dw/dk
and phase velocity c= w/k




Dispersion relation
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Dispersion relation

gr;dvity waves capillary waves
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Trajectories below waves

deep water I shallow water



Why are the waves parallel to the shore?
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Refraction and diffraction of waves

Satellite view of the shore of Namibia



Nonlinear waves/wave breaking
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The velocity increases with amplitude



Dispersion relation
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Conditions for wave pattern formation?




Dispersion relation
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Spatio-temporel diagram
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Spatio-temporal diagram
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Spatio-temporal diagram
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Spatio-temporal spectral analysis

Inverse Fourier Transform

00 00 :
u(x,) = / / o (k,w) e Re=w) e duy
—00 J—00

+r:)CI +rx} y g
a(k,w) = (212 / / u(ax,t) e~ ikz—wt) g0, ¢
—0o0 J—00

Direct Fourier Transform




Spatio-temporal spectral analysis

Inverse Fourier Transform
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Fourier transform:

Spectral analysis
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Carrier/enveloppe :

Carrier/enveloppe
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Spectral analysis
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Spectral analysis
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Fourier transform:

Enveloppe :

Spectral analysis at time=0




Spectral analysis

Gaussian spectrum: ﬁ/(k) = Uy 6_02 (k_ko)Q
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Gaussian spectrum
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Gaussian wavepackets
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Waves and spectra
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Spectral analysis
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Spectral analysis
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Spectral analysis
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Spectral analysis
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Spectral analysis
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Wave packet dispersion
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Relation de dispersion

grgvity waves capillary waves
. k.=10; h=1
L
CU S
35} = = |
=
-2 &
©

1
i
A
1 | | | | I | |

O\é/ 10 15 20 25 30 35 40
apillary wavenumber k, wavenumber k



Dispersion




Dispersion
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Waves with k reach r at time t=r/v(k)
For deep gravity waves: vic/gaity ~ i%\/%
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Rings Iin water
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Waves created by obstacle in a river
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Kelvin's wake




Kelvin's wake
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Gravity waves created by a ship




Gravity waves created by a ship




Gravity waves created by a ship
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Gravity waves created by a ship
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Gravity waves created by a ship
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Gravity waves created by a ship

sin(a)/OG=cos(B8)/AG
sin(0-a)AG=GC=0G

_____

=sin(a)=cos(0)sin(0-a)
=sin(a)=cos(0)(sin(0)cos(a)+cos(B)sin(a))

=>tan(a)=cos(8)sin(0)/(1+cos?(0))



Gravity waves created by a ship
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Gravity waves created by a ship
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Gravity waves created by a ship




But observations show

Moisy and Rabaud 2013



But observations show
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