Eigenvalue communication in optical transmission lines
In the recent years optical fibre channels have become the backbone of the global
telecommunication systems [1, 2]. Mathematically the problem of signal transmission
through a typical line involves nonlinear mapping through a segment of optical fibre.
The signal propagation inside such a segment is well described by the scalar
Nonlinear Schrodinger Equation (NLSE). This system is completely integrable by
means of Inverse Scattering Transform technique [3,4] and supports both localized
particle-like solutions (solitons) and quasilinear radiation waves. In this technique the
solution of the nonlinear problem is obtained via the solution of the auxiliary linear
spectral problem (called Zakharov-Shabat eigenvalue problem). The complex
eigenvalues of this spectral problem are integrals of motion, i.e. they are the same
both at the beginning and at the end of the transmission segment. This constitutes the
general idea of eigenvalue communication [5,6] which is to use these invariant
eigenvalues to encode and transmit information without distortions from source to
destination.
The goal of the project will be to study different input waveforms as most suitable
candidates for eigenvalue communication in the noiseless channels and then consider
the impact of noise on the quality of transmission. A few key stages can be singled
out:
1. The first stage is preliminary and is dedicated to the thorough study of the
background of the IST technique [3,4].
2. At the next stage one must apply the existing code for analyzing the ZakharovShabbat spectral content of a given input pulse. Different wave forms
(including purely random ones) should be tried and the number and the
distribution of the discrete eigenvalues must be studied.
3. At the final stage noise is introduced into the system which makes it no longer
integrable by IST. Therefore one will need to use the existing NLSE solver
code to simulate signal propagation and then analyze the spectral content of the
output pulse.
Required skills: The prospective applicant must have a solid background in
mathematics (PDEs, spectral theory of linear operators, complex analysis) and some
basic knowledge of the numerical methods. The knowledge of at least one of the
programming languages (C/C++/Fortan) is desirable but not necessary.
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