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Self-accelerating Painleve-II soliton:
a curious mathematical trick
or fundamental physics?
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General dynamic properties of solitonic solutions are considered for one simplest special case
of generalized nonlinear Schroedinger equation having the form i¢, + ¢, — W(t, 1020 =0
where W(t,x,|¢|2) = —|$|2 — xF(¢). This case is of importance in numerous applications. The
force F(t) being absent and the general solitonic conditions being met, self-accelerating
solutions are obtained referred to as Painleve-II solitons. Basing on these solutions, the
strict statement of classical non-uniform dynamics for the traditional soliton localization
center of the equation under consideration has been shown to be possible.

B pabore mpoaHammsupoBaHBI O00IMe AWHAMHUYECKHE CBOMCTBA COJUTOHHBIX pEIIeHUIt
OHOTO W3 IIPOCTEUIINX, HO BAYKHBIX B IPUJIOKEHUAX UYACTHBIX CIydaeB OOOOIIIEHHOTO HEJIMHEHHOTO
ypasrenus Illpenunrepa Buga: id, + ¢, — Wi(t,x |0 = 0, tne W(t,x,[0) = —lp? — xF(¢). Ipu
OTCYTCTBUM CUJbl F(f) U BBIIOJHEHUM OOIMUX COJUTOHHBIX YCJOBUM IOJydYeHBI CaMOYCKO-
patomuecs pemrernns. Onu HasBauwsl Painleve-II-conmumromamu. Ha 6ase sTmx perrenwii, mpu
F(t)#0, moxasaHa BO3MOYKHOCTH CTPOTOTO IIOCTPOEHUSA KJIaCCHUECKON HepaBHOMEPHOI IuHAa-
MUKU AJIs IEeHTPAa JIOKAJU3alluy TPASUIIMOHHBIX COJIUTOHOB PACCMAaTPHBAEMOTrO YPaBHEHUA.
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In this work, the "classical™ solitonic solu-
tions of nonlinear Schroedinger equation (NSE)

i¢t + ¢xx + |¢|2¢ = O’ (1)

will be studied from the standpoint of the
possible realization of their non-uniform dy -
namics under conservation of the solitons
themselves in their "classical” sense. The
Eq.(1) can be applied in a wide variety of
fields, including the functional properties
of proteins [1-6], nonlinear optics [7-9],
nonlinear acoustics [9-12], superconductiv -
ity models [13], theoretical models of physi -
cal vacuum[14, 15], and others [16]. An im-
portant advance in the examination of
Eq.(1) is the inverse scattering method [17].

The solitonic solutions arising in this
case possess an unique property referred to
in physics as duality. This is manifested in
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that the wave function ¢ is a planet wave
modulated in amplitude. The modulation
character has a clearly pronounced particle-
like form called soliton. This soliton moves
in space uniformly, independent of the be-
havior of the wave solution part and with-
out any damping. Since this solution is of
basic importance for the problem in ques-
tion, let it be considered in more detail. In
the general case, the solution of Eq.(1)
should be sought in the form

¢ = Uexp(iV). (2)

If, however, it is just the modulated
plane wave that is the matter, the phase V
takes a special form:

V=k k- ol (3)

where the constant k2 has the sense of the
dimensionless wave number while the w one,
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