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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) (1}3 + Z%)
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Difference between group velocity v and
phase velocity c




Dispersion relation
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Dispersion relation

capillary waves

grgvity 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
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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




Spatio-temporal diagram
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Spatio-temporal diagram




Spatio-temporal spectral analysis

Inverse Fourier Transform
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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

1o
Fourier transform: U(fE; t) — 5/ U(k‘) el(lm_w(k)t)dk + C.C.
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Spectral analysis
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Fourier transform:

Enveloppe :

Spectral analysis at time=0




Spectral analysis

Gaussian spectrum: r&(k) = Uy 6_02 (k_kO)Q

Alx,0) = UO\/_ 40?2

Initial enveloppe : e 40



Gaussian spectrum
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Gaussian wavepackets
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Waves and spectra
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Spectral analysis




Spectral analysis
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Spectral analysis
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Initial enveloppe :

Gaussian spectrum: r&(k) — UO e
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Spectral analysis

Definition of group velocity W — W = Cg(/{ — ]{0), Cg —
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Higher order
development

Spectral analysis




Wave packet dispersion
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Relation de dispersion
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Dispersion




Dispersion

Waves with k reach r at tlme t=r/v(K)
For deep gravity waves: vic/gaity ~ ig\/%

k=gt?/4r?
SINCE Waeep/gravity ~ £/ gk
w=gt/2r
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=The frequency increases with time
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Waves created by obstacle in a river
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Kelvin's wake







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




Gravity waves created by a ship

sin(a)/OG=cos(B8)/AG
sin(8-a)AG=GC=0G
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=sin(a)=cos(0)sin(0-a)
=sin(a)=cos(0)(sin(0)cos(a)+cos(B)sin(a))

=>tan(a)=cos(08)sin(0)/(1+cos?(0))



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

o1



Gravity waves created by a ship




But observations show

Moisy and Rabaud 2013



Wake angle o (deg.)

But observations show
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