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In this project we investigate the propagation of optical pulses in nonlinear dispersive media. The partial differential equa-
tions used so far are generalizations of the classical nonlinear Schrédinger equation. We aim on including linear nonlocal
operators to cover dispersion relations as well as higher order nonlinearities of nonlocal type. Proposed investigations are
in the center focus of modern optical technologies, like in data communication or in modern material research.

Optical pulses: "long" versus "short" Model equations for the short pulses
/\ ow pulse spectral width —
-‘:'!‘!‘!"'ﬂ'{'yw‘!‘!‘Pw‘!‘!‘w z —A z z Aw transparency window width 00 < Aw <

dw o

) mean frequency of the window Sk = — — —— (3w)?2
. ) w(k) dispersion relation Var ZVSr
e Pulse duration > fs e Pulse duration ~ fs . L :
o E=A(zt)expi(koz— wot) « Solve directly for E(z ) S~ Aw - quadratic approximation fails k=22 _F(50)
¢ Internal dynamics e Ansatz E=E(t—z/v) %~  foran extremely short pulse Var
e Approximate solution e Formally exact solution
ok Lo « Quadratic dispersion: ez
Existence of localized structures (LS) XU AN L )
T sk — Cancellation is possible

— “Landau damping”

Maxwell equations with a suitable model for D(E), e.g., /\\/
= 50

L] 1 i i N 7
ot =~ 108, (E(21),0,0)=E(rt),  D(E)=Din +XE%, Quarti dispersion: (7) LS

Examples of the reduced equations:
fotB = 19D, 92D — 3% — 0, (Din)oo = £(60) Eco, xamp Heed equat
¢ Classical NSE 10,0+ ad?w+BlwlPw =0
with an “arbitrary” e(w). Ansatz E = E(t) = E(t — z/v) yields High-order dispersion® || iop+a (92 = v2)2y+ B|y[2y = 0
n V28 w V2 N (b) i -1
£ (00)Ep = {17 Cg )} E, = C_ZX Econ By, Integral operator P— <1+ u?oat) P
=001 F0p—0 Partially corrected(©) P— (17 i6t> P
@ e No LS if L(m) — 0 for some w= We Unidirectional SPE(d) 6zatu+u+6t2(u3) =0
* NO LS if vpn() = v for some w= @solitons with the oscillating tails are possible. A non-local
e LS cone is bounded by vpn = Vgr integral operator. (Better approximation for the extremely short

pulses. @ An integrable system for the case of special dispersion.

k o cosh! solitons for v vo = o /ko.

Universality: €=./1-V2/ V3 <1, E(1)= 3AET)e" ™" +cc.

82 |:A(ST) + w dZA :| — ﬁ‘A(ST”zA(ST). ﬁ

2c2  d(er)?|  4c? 1. Investigate pulses in a medium, where both non-locality
and vector character of Maxwell equations are important.

i 2. Obtain non-local reduced equations for the optical field and
Cooperation criteria for the existence /stability of the optical solitons.

3. Investigate trains of bounded solitons in a suitable media.
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