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Ocean	Surface	Waves	

•  The	Tradi2onal	View:	The	random	phase,	
Gaussian	approxima9on	describes	ocean	surface	
waves	

•  The	Problem	is:	This	is	untrue!	









Linear	Analysis	of	Currituck	Sound	





Power	Spectrum	







•  Ocean	waves		are	a	near	linear	Random	Process	
whose	amplitudes	are	Gaussian	[Kinsman’s	book].	

•  If	the	spectrum	is	“narrow	banded”	then	the	envelope	
(modula9on)	is	Rayleigh	[Longuet-Higgins,	1955],	
implying	that	the	wave	heights	are	also	Rayleigh.	

•  The	probability	“tail”	at	high	amplitude	is	due	to	the	
Stokes	correc2on,	which	makes	the	waves	higher	and	
steeper.	

Conclusions:		
The	Tradi9onal	View	



Soliton	Turbulence	
in	

Currituck	Sound	





Understanding	Nonlinear	Data	
	

	
Soliton		
turbulence		
	
Breather	
	gas	



Dean	1991	



Significant	Wave	Height	vs.	
Power	Law	in	Power	Spectrum	

Spectral	
		Slope	

		Significant	
Wave	Height	



Soliton	Signals	Filtered	from	
Measured	Currituck	Sound	Data	



Measured	Wave	Trains	with	Filtered	
Soliton	Signals	



Soliton	Spectrum	and		
Probability	Density	



Breather	States	in	the	Currituck	
Sound	Data	

	NLFA	analysis	of	Currituck	Sound	
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Rogue	Wave		
Evolu9on	in	1+1	



Modula9onal	
Instability	in	
Ocean	Wave	

Spectra	
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Ocean Wave Spectrum

Ocean Wave Spectrum: Effects of 
Modulational Instability

Carrier Frequency for 
Gaussian Process

Modulational Growth Rate
Modulational Rise Time
Stokes Mode/Breather Amplitudes

Carrier Amplitude for 
Gaussian Process

Band of Unstable Modulations

Instability Diagram
Rise Time Diagram

Rise Times visible by: 
   HOMs
   Time Series

f0 + IMPΔff0 − IMPΔf

••

Δf = 1/T



Currituck	Sound	

     Frequency -      Hz
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Carrier Amplitude        of 
near Gaussian Process.

Carrier Frequency      of 
near Gaussian Process.
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