
Nonlinear stage of modulation instability
A.A. Gelash V.E. Zakharov



1 Uniformization

2 21
2 (| | ) 0t xxi Aϕ ϕ ϕ ϕ− − − =NLSE

NLSE describes the envelope

We study NLSE with nonvanishing boundary conditions. 
Instead of NVBC we use the term  “in presence of condensate”
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2 Uniformization

The increment of 
modulation instability

The plane of spectral parameter 
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NLSE via dressing method6



NLSE via dressing method7



NLSE via dressing method8



N‐solitonic solution on condensate

Since this moment we study dressing only on the condensate background
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N‐solitonic solution on condensate10
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N‐solitonic solution on condensate (uniformization) 12



N‐solitonic solution on condensate (uniformization) 13



General one‐solitonic solution14



“Species” of one‐solitonic solution

■ - Kuznetsov-Ma
▼ - Akhmediev
▲ - Genaral

● - near Akhmediev
♦ - Peregrine
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Kuznetsov‐Ma soliton

Kuznetsov‐Ma soliton at the moment of minimum (left) and
maximum (right) of its amplitude. Re – green, Im – Red, Abs^2 ‐ Blue
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Peregrine breather
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Re – green, Im – Red, Abs^2 ‐ Blue



Akhmediev breather

Akhmediev breather at different moments of time
Re – green, Im – Red, Abs^2 ‐ Blue
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Akhmediev breather
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Near‐Akhmediev solution

The “Near‐Akhmediev” solution1.02,
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General solution

General solution at the moments of  minimum 
(left) and maximum (right) of its amplitude
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Time averaging
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Time averaging
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24 Two‐solitonic solution

We study only regular two-solitonic solution
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Regular two‐solitonic solution26



Regular symmetric two‐solitonic solution27



Regular two‐solitonic solution28



Regular two‐solitonic solution29



Annulation of solitons
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Let us consider the limiting case
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Small perturbation of condensate31



Small perturbation of condensate32
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If R 1, R 1 interference of solitons is not complete, and the
dressing is not trivial. It is given by expression:
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Small perturbation of condensate33
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Small perturbation of condensate



35 Small perturbation of condensate
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36 Small perturbation of condensate
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37 Small perturbation of condensate
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Small perturbation of condensate (2N‐solitonic case)38



Small perturbation of condensate (2N‐solitonic case)39

1 2 3 4 1 2 1 2 1 2 3 41.1, , , , ,
3 3 5 5 2

R R R R C C C Cπ π π π πα α α α= = = = = = − = = − = = = =



Welcome to snowy Akademgorodok!
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