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Bay of Biscay, France - 1940

http://en.wikipedia.org/wiki/File:Wea00800,1.jpg

Merchant ship labouring in heavy seas as a huge 
wave looms astern. Huge waves are common near 
the 100-fathom line in the Bay of Biscay. 
Published in Fall 1993 issue of Mariner's Weather Log

//upload.wikimedia.org/wikipedia/commons/f/f3/Wea00800,1.jpg
http://en.wikipedia.org/wiki/File:Wea00800,1.jpg


Bering Sea - 1979

NOAA Ship Discoverer 
gets pounded by 
monster wave in the 
Bering Sea. This 
picture was taken in 
1979.



http://www.opc.ncep.noaa.gov/perfectstorm/index.shtml

http://www.opc.ncep.noaa.gov/perfectstorm/index.shtml
http://www.opc.ncep.noaa.gov/perfectstorm/index.shtml


Rogue Wave Incidents

http://hal.archives-ouvertes.fr/docs/00/00/03/52/PDF/Rogue_wave_V1.pdf
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Draupner Wave – Jan 1, 1995
•Oil platform in the central North Sea
•Minor damage 
•Read by a laser sensor. 
•During wave heights of 12 m (39 ft), 

•Freak wave - max height of 25.6 m (84 ft) 
•(peak elevation was 18.5 m (61 ft)). 

•Estimated – 1 in 200,000 wave (P. Taylor).

//upload.wikimedia.org/wikipedia/en/7/78/Drauper_freak_wave.png


Crabbing Boat Video
60' Rogue Wave smashes Crabbing boat in the Bering Sea. 

http://www.youtube.com/watch?v=l_8hOai9hGQ

http://www.youtube.com/watch?v=l_8hOai9hGQ


Susan Casey – The Wave

Interviews with Charlie Rose and Jon Stewart in 2010

http://www.charlierose.com/view/interview/11222
http://www.thedailyshow.com/watch/tue-november-30-2010/susan-casey


Susan Casey – The Wave

http://youtu.be/anXkV6jGvgE

http://youtu.be/anXkV6jGvgE


Great Wave of Translation - 1834

http://www.ma.hw.ac.uk/~chris/canal.jpg

“I was observing the motion of a boat which was rapidly drawn along a narrow channel by a pair of 
horses, when the boat suddenly stopped—not so the mass of water in the channel which it had put in 
motion; it accumulated round the prow of the vessel in a state of violent agitation, then suddenly 
leaving it behind, rolled forward with great velocity, assuming the form of a large solitary elevation, a 
rounded, smooth and well-defined heap of water, which continued its course along the channel 
apparently without change of form or diminution of speed. I followed it on horseback, and overtook it 
still rolling on at a rate of some eight or nine miles an hour [14 km/h], preserving its original figure 
some thirty feet [9 m] long and a foot to a foot and a half [300−450 mm] in height. Its height 
gradually diminished, and after a chase of one or two miles [2–3 km] I lost it in the windings of the 
channel. Such, in the month of August 1834, was my first chance interview with that singular and 
beautiful phenomenon which I have called the Wave of Translation.” – John Scott Russell

Union Canal, Hermiston, Scotland

http://www.ma.hw.ac.uk/~chris/canal.jpg


John Scott Russell

http://www.ma.hw.ac.uk/~chris/scott_russell.html

1808-1882
Engineer
Edinburgh

Used 30’ tank

v2 = g(h+a)

http://www.ma.hw.ac.uk/~chris/scott_russell.html


Re-enactment – July 12, 1995
Union Canal, Scott Russell Aqueduct

http://apachepersonal.miun.se/~tomnil/solitoner/solipic.htm

http://apachepersonal.miun.se/~tomnil/solitoner/solipic.htm


50 Years of Controversy

George Biddle Airy (1801-1892) Sir George Gabriel Stokes (1819-1903)



Dispersion vs Nonlinearity



1870’s – Nonlinear Theory/Solution

Joseph Valentin Boussinesq (1842-1929) Lord Rayleigh
(John William Strutt, 1842-1919)



Finding the Balance



Time Evolution of Wave

Time

Position



Soliton Experiment

http://www.youtube.com/watch?v=SknvLa8qEu0&feature=related

http://www.youtube.com/watch?v=SknvLa8qEu0&feature=related


Korteweg-de Vries Equation - 1895

Gustav de Vries
(1866-1934)

Diederik Johannes Korteweg
(1848-1941)
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Fluid Equations



Lorenz – 1963 – Weather Model
The Butterfly Effect



The KdV Resurgence – 1960’s
Gardner, Greene, Kruskal, Miura – 1965

•Fermi, Pasta, Ulam Problem – 1954
•Coined term “soliton”
•Started a revolution



The Age of 
Computing



Fermi, Pasta, Ulam (FPU) Problem

•Simulated 1D chain of 
masses linked by springs 
with weak nonlinear term. 
•Linear interactions - energy 
of a single vibration mode 
remains in that mode 
•Nonlinear term allows 
energy transfer  between 
modes. 
•Surprising behavior: The 
energy does not drift toward 
the equipartition predicted 
by statistical physics but 
periodically returns to the 
original mode. 

And Mary Tsingou Menzel! - 2008

Los Alamos 1955 report making beginning of  nonlinear physics 
and the age of computer simulations 



GGKM - Soliton Interactions



Solitons – Elastic Collsions

http://www.scholarpedia.org/article/Solitonhttp://www.scholarpedia.org/article/Solitonhttp://www.scholarpedia.org/article/Solitonhttp://www.scholarpedia.org/article/Soliton

http://www.scholarpedia.org/article/Soliton

http://www.scholarpedia.org/article/Soliton


Cnoidal Waves
US Army bombers flying over near-periodic swell in shallow water, 
close to the Panama coast (1933). 



Two-Dimensional Waves 



Internal Waves



Rip Waves
Osborne and Burch - Science, New Series, Vol. 

208, No. 4443 (May 2, 1980), pp. 451-460



Internal
Waves –
Satellite 
Images

http://envisat.esa.int/handbooks/asar/CNTR1-1-5.htm

http://envisat.esa.int/handbooks/asar/CNTR1-1-5.htm
http://envisat.esa.int/handbooks/asar/CNTR1-1-5.htm
http://envisat.esa.int/handbooks/asar/CNTR1-1-5.htm
http://envisat.esa.int/handbooks/asar/CNTR1-1-5.htm
http://envisat.esa.int/handbooks/asar/CNTR1-1-5.htm


Pratas Reef/ South China Sea

http://www.lpi.usra.edu/publications/slidesets/oceans/oceanviews/slide_18.html

http://www.lpi.usra.edu/publications/slidesets/oceans/oceanviews/slide_18.html


Sulu Sea



Atmospheric Solitons



Optical Communications 
Nonlinear Schrodinger Equation

1973 Hasegawa  Tappert predicted optical 
solitons and use in communications
1987, the first experimental observation of 
the propagation in an optical fiber.
1988, Mollenauer and his team transmitted 
soliton pulses over 4,000 kilometers.
1991, Bell Labs team transmitted solitons
error-free at 2.5 gigabits over more than 
14,000 kilometers.
1998, Georges and his team demonstrated 
a data transmission of 1 terabit per second 
(1,000,000,000,000 units of information 
per second).
2001, the practical use of solitons became a 
reality when Algety Telecom deployed 
submarine telecommunications 
equipment in Europe carrying real traffic 
using John Scott Russell's solitary wave.



Peregrine Soliton

Howell Peregrine (1938 –2007) 

1983 – Peregrine predicted spatio-temporal 
evolution of an NLS soliton

20 years later – used as protypical example of 
rogue waves – in water and in optics.

http://icb.u-bourgogne.fr/omr/slco/E_Themes_non-lineaire_Rogue-Wave_Peregrine.htm


Rogue Waves – 2010

http://www.sciencenews.org/view/generic/id/74610/title/Rogue_waves_captured

http://www.sciencenews.org/view/generic/id/74610/title/Rogue_waves_captured
http://www.sciencenews.org/view/generic/id/74610/title/Rogue_waves_captured


… The Research Continues




