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Outline of today’s talk

From the history of solitons
1 Fermi-Ulam-Pasta problem
1 Frenkel-Kontorova model and SG equation

Some recent advances

1 Optical solitons in periodic structures
1 Surface solitons

1 Polychromatic solitons

1 Self-trapped localized states




What 1s “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
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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
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Fermi-Pasta-Ulam Problem

LOS ALAMOS SCIENTIFIC LABORATORY
of the
UNIVERSITY OF CALIFORNIA

Report written:
May 1955

Report distributed: November 2, 1955

STUDIES OF NONLINEAR PROBLEMS, I

Work done by:
E. Fermi

Report written by:

E. Fermi
J. Pasta
S. Ulam
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Zabusky, 1977
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“Solitons”

VOLUME 15, NUMBER 6 PHYSICAL REVIEW LETTERS 9 AucGusT 1965

INTERACTION OF “SOLITONS” IN A COLLISIONLESS PLASMA
AND THE RECURRENCE OF INITIAL STATES

N. J. Zabusky
Bell Telephone Laboratories, Whippany, New Jersey
and

M. D. Kruskal

Princeton University Plasma Physics Laboratory, Princeton, New Jersey
(Received 3 May 1965)

T 10
©— 1:Fer, | (1925-2006)

R, Fermi, J. R. Pasta, and S, Ulam, Los Alamos
Scientific Laboratory Report No. LA~1940, May 1955
(unpublished), See reference 3 for a review of the

roblem,

1390 citations (ISI: Nov 2011)
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Conference Legacy, Impact, and Beyond
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May 16-20, 2005
Santa Fe, NW (USA)

John Pasta, and Stanislaw Ulam simulating a mass-nonlinear spring

chain. This discovery evolved into a whole new era of nonlinear
science including localized excitations in many fields of physics: intrinsic
localized modes and breathers in low-dimensional materials and nonlincar
lattices, optical tr ission, Bose-Einstein condensates, biophysics.

M ay 2005 marks 50 years of the seminal paper by Enrico Fermi,

In addition, during this conference we will celebrate 25 years of the
Center for Nonlinear Studies (CNLS) which cradled and incubated many
new ideas in nonlinear science including chaos, turbulence, finance,
networks, and solitons.

CONFERENCE ORGANIZERS CONFERENCE COORDINATION
Alan Bishop, LANL Roderick Garcia, LANL

David Campbell, Boston Univ. Phone: (505) 664-0188

Robert Ecke, LANL Fax: (505) 665-2659

Avadh Saxena, LANL Email: ragarcda@lanlgov

ONLINE INFORMATION http://enls.lanl.gov/Conferences/annual25/

The World's Greatest Science &
Protecting America NATIONAL LABORATORY
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Solitons

Nonlinear localized waves existing when
nonlinearity is balanced by dispersion




Frenkel-Kontorova model
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Yakov Frenkel Tatiana Kontorova
(1894-1952) (1911-198X)




Prandtl-Dehlinger model
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Fig. 13.1. Front page of the Habilitationsschrift of U. Dehlinger with excerpts.
‘Verhakungen’ are pairs of abrupt kinks of opposite sign or simply kink pairs.

L. Prandtl: Z. angew. Math. Mech. 8, 85 (1928)
\ 2 AN U. Dehlinger: Ann. Phys. (Leipzig) 2, 749 (1929)




Sine-Gordon equation
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0. M. Braun
Y. S. Kivshar

The Frenkel-
Kontorova Model
Concepts, Methods,
and Applications
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Russian Translation: 2008

Oner bpayH -

BOKTOD (MAIAKO-MATEMATMUECKNL MATH.
BEAVILAN HIVUHbIW COTHVANMK MHCTHTYTA
MUINKA HAUMOKANLHON SKANCMMN KAYK

Wpwi RuBwaps -
NPO@ACCOD. AHDEKTOD UENTDI HEMMHEHHON
OHINKA ASCTPANMACKD(D RALMONAABNOID
YHMBERCHTETE

Moaens dpexkens - HOHTOpPOBOW.
KRoHuenuwu, MeToabl, NPUAOKEHNA

Nepean KHWIA. CORSHMALIANA CHCTEMATHUSCKOE HINOMENHE
KONUSTIUMA, METOAOS M NEMADKEHAN HEAMNSHNONA BHINKA
OCHOBAMMBIX MA MoAENM SOpeHKeAns  KOMTODOBOM M cC Npm-
NOMOKMAL PACCMOTDONLI HEAVMCHMAR OWHIMMAR ANCKDCT-
HbiX CWCTEM. AMM3IMMEA CONMTONOE W WX BI3MMOEACTEME.
COMIMEDMMBIC W HECOMIMEDAMBIE CUCTEMBL CTATM(THUEC-
HAA MEXINUKA WENMHEOMNLEC CWCTEM DACWETHLI W HEpABHO-
BECHIA AMHAMMED BIAMMOAEHCTEYHILAX MHOIONICTHINBI
cncrer. Noapobne 0BCYRANOTCA OCHOBMBIC MENANErNNIE
YPASHONMA CBOMCTEA WX NOKANMIOBANMBIN POUIEHMH MW
METOAbI MX aNaNMIA
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Recent advances

Importance of nonintergrable models

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

New media and materials:

nonlinear optics: nonlocal media, discrete and
subwavelength structures, plasmonics, slow light

Bose-Einstein condensates: nonlinearity management
NANOStrucCtures: graphene, carbon nanotubes




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

Optically induced

periodic ir




Cornelia Denz
Sergej Flach
Yuri S. Kivshar
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SPRINGER SERIES IN OPTICAL SCIENCES

How does periodicity |y, linearitiedin®
affect solitons ? Periodic Structures

and Metamatenals <






