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Outline of today’s talk
From the history of solitons 

Fermi-Ulam-Pasta problem
Frenkel-Kontorova model and SG equation

Some recent advances
Optical solitons in periodic structures
Surface solitons
Polychromatic solitons
Self-trapped localized states
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What is “soliton” ?
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John Scott Russell (1808-1882)

Very bright engineer: invented an 
improved steam-driven road carriage in 
1833. ``Union Canal Society'' of 
Edinburgh asked him to set up a 
navigation system with steam boats

During his investigations, 6 miles from the centre of Edinburgh,
he observed a soliton for the first time in August 1834



Korteweg-de Vries equation

Diederik Johannes Korteweg 
(1848-1941) Gustav de Vries 

(1866-1934)

D.J. Korteweg & F. de Vries,  
Phil. Magazine 39, 422 (1895)



Fermi, Pasta, and Ulam



Fermi-Pasta-Ulam Problem



FPU problem

Zabusky, 1977

Initial condition

The first ever numerical experiment 
(Los Alamos 1955)



“Solitons”

1390 citations (ISI: Nov 2011)

(1925-2006)



May 16-20, 2005        
Santa Fe, NW (USA)



Los Alamos and CNLS, May 1990
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Solitons

Nonlinear localized waves existing when 
nonlinearity is balanced by dispersion



Frenkel-Kontorova model

Tatiana Kontorova
(1911-198X)

Yakov Frenkel
(1894-1952) 



Prandtl-Dehlinger model 



Sine-Gordon equation



Russian Translation: 2008



www.rsphysse.anu.edu.au/nonlinear

Recent advances

New media and materials:                    
nonlinear optics: nonlocal media, discrete and 
subwavelength structures, plasmonics, slow light           
Bose-Einstein condensates: nonlinearity management  
nanostructures: graphene, carbon nanotubes

New types of localized modes:  gap solitons, 
discrete breathers, compactons, self-trapped 
modes, azimuthons, etc

Importance of nonintergrable models
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468 BC～376 BC
Mo  Di （墨 翟）

First Record of Ray Optics

Why optics ?
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Self-focusing and spatial optical 
solitons
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Photonic crystals and lattices

fabricated

Optically induced
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How does periodicity 
affect solitons ?




