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An interplay between effects of dispersion and nonlinearity is a
fundamental and very general physical phenomenon of high practical
importance that occurs in diverse areas of physics and engineering. In
particular, for many years it has been a focus of research in fiber-optic
communications, responsible for transporting of a major fraction of global data
traffic. The evolution of fiber transmission concepts in the past decades with
regard of fiber dispersion was quite remarkable - from initial attempts to use
zero-dispersion regimes (e.g. in dispersion-shifted fiber) to fibers with
moderate dispersion and dispersion-management techniques (with high local
dispersion and low overall dispersion value) [1-3]. The recent surge in
development of coherent optical communication systems resulted in the
dramatic change of the way in which optical fiber channels are operated. In
recent concepts of coherent transmission the dispersion is not compensated at
all in the optical domain and signal is recovered through digital signal
processing using high speed electronics at the receiver [4,5].
The evolution of the treatment of optical fiber nonlinearity, that occurs due
to the Kerr effect, was not less salient than in the case of fiber dispersion. From
initial disparagement of the importance of Kerr nonlinearity for long-haul fiber
communication through building systems making positive use of a partial
balance between dispersion and nonlinearity [2,3], the optical transmission
community has arrived to modern concepts of coherent signal transmission
where high non-compensated (in optical domain) fiber dispersion is used to
minimize impact of nonlinearity. Indeed, in systems with large noncompensated dispersion propagation of signal at conventional powers is
effectively quasi-linear. However, nonlinear propagation effects are still
critically affect the capacity of optical fiber channels [3-15]. The reason is rather
transparent - increase of input signal power to improve signal-to-noise ratio at
some power level inevitably leads to observable nonlinear signal interactions.
Dominating fiber dispersion does not remove nonlinearity, but it can increase
the power threshold for onset of nonlinear effects. Therefore, nonlinearity is
still critically important and the significance of an accurate evaluation of
nonlinear transmission effects for analysis of nonlinear fiber channel capacity
cannot be overestimated.

In general, signal transmission in fiber channels is described by nonlinear
partial differential evolution(s) that makes analysis of capacity of such channels
a very complex problem, indeed. Therefore, there is a strong demand on
analytical approximate models of nonlinear fiber channel even if they can be
applied only in some limits.
I will overview our recent works in this field [16]. Our findings agree with
recent mathematical result [17] (see also [13]), proving that despite the
prevalent paradigm, the Shannon channel capacity [18] cannot decrease with
increasing transmitted power. An analytical description of a specific nonlinear
fibre channels with non-compensated dispersion will be presented. Information
theory analysis shows that capacity of such nonlinear fibre channel does not
deccrease with growing signal power.
References
>1@ P. Agrawal, Fiber-Optic Communication Systems, 4th ed. (Wiley, 2010).
[2] L.F. Mollenauer and J.P. Gordon, Solitons in Optical Fibers: Fundamentals and
Applications (Academic Press, San Diego, 2006).
[3] E. Iannone, F. Matera, A. Mecozzi and M. Settembre, Nonlinear optical communication
networks, (John Wiley & Sons, New York, 1998).
[4] S.J. Savory, IEEE J. Sel. Top. Quan. El. 16, 1164 (2010).
[5] R.I. Killey and C. Behrens, J. of Mod. Optics, 58, 1 (2011).
[6] A. Splett, C. Kurzke and K. Petermann, In Proceedings of the European Conf. on Opt.
Com., ECOC’93, 2, 41, (1993).
[7] A.D. Ellis and J. Zhao, in Impact of Nonlinearities on Fiber Optic Communications, S. Kumar
edt., Chapter 13, p. 507 (Springer, New York, 2011).
[8] A.D. Ellis, J. Zhao and D. Cotter, J. Lightw. Technol., 28(4), 423 (2010).
[9] A.Mecozzi, J. Light. Techn., 12(11), 1993 (1994).
[10] P.P. Mitra and J. Stark, Nature, 411, 1027 (2000).
[11] E.E. Narimanov and P.P. Mitra, J. Lightw. Technol., 20(3), 530 (2002).
[12] K.-P. Ho and J.M. Kahn, In Proceedings of Opt. Fiber Comm. Conf. OFC’02, ThGG85
(2002).
[13] K.S. Turitsyn, S.A. Derevyanko, I.V.Yurkevich and S.K.Turitsyn, Phys Rev. Lett. 91, 203901
(2003).
[14] L.G.L. Wegener, M.L. Povinelli, A.G. Green, P.P. Mitra, J.B. Stark and P.B. Littlewood,
Physica D, 189D, 81 (2004).
[15] R.-J. Essiambre, G.J Foschini, G. Kramer, P.J Winzer, Phys Rev. Lett., 101, 163901 (2008).
[16] M.A. Sorokina, S. Derevyanko and S.K. Turitsyn, “The capacity of nonlinear optical fiber
channel dominated by dispersion”, to be published (2012)
[17]
E.
Agrell,
The
Channel
Capacity
Increases
with
Power,
http://arxiv.org/pdf/1108.0391.pdf (2011).
[18] C.E. Shannon, “A mathematical theory of communication,” Bell Syst. Tech. J., vol. 27, p.
379–423 and 623–656, (1948).

