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Abstract. Spatial solitary waves in colloidal suspensions of spherical dielectric nanoparti-

cles are considered. The interaction of the nanoparticles is modelled as a hard-sphere gas,

with the Carnahan-Starling formula used for the gas compressibility. Semi-analytical solu-

tions, for both one and two spatial dimensions, are derived using an averaged Lagrangian

and suitable trial functions for the solitary waves. Power versus propagation constant

curves and neutral stability curves are obtained for both cases, which illustrate that mul-

tiple solution branches occur for both the one and two dimensional geometries. For the

one-dimensional case it is found that three solution branches (with a bistable regime) oc-

cur, while for the two-dimensional case two solution branches (with a single stable branch)

occur in the limit of low background packing fractions. For high background packing frac-

tions the power versus propagation constant curves are monotonic and the solitary waves

stable for all parameter values. Comparisons are made between the semi-analytical and

numerical solutions, with excellent comparison obtained.

Keywords. colloid, solitary wave, modulation theory, stability, bifurcation.

AMS (MOS) subject classification: 35, 78.

Dynam. Cont. Dis. Ser. B, vol. 19, no. 4-5, pp. 525-541, 2012.



References

[1] M. Abramowitz and I.A. Stegun, Handbook of Mathematical Functions with Formu-

las, Graphs and Mathematical Tables, Dover Publications, Inc., New York (1972).

[2] A. Alberucci, G. Assanto, D. Buccoliero, A. Desyatnikov, T.R. Marchant and N.F.
Smyth, “Modulation analysis of boundary induced motion of nematicons,” Phys. Rev.

A, 79, 043816 (2009).

[3] A. Ashkin, J.M. Dziedzic, J.E. Bjorkholm and S. Chu, “Observation of a single-beam
gradient force optical trap for dielectric particle,” Opt. Lett., 11, 288 (1986).

[4] G. Assanto, T.R. Marchant and N.F. Smyth, “Collisionless shock resolution in nematic
liquid crystals,” Phys. Rev. A, 78, 063808 (2008).

[5] G. Assanto, B.D. Skuse and N.F. Smyth, “Optical path control of spatial optical
solitary waves in dye-doped nematic liquid crystals,” Photon. Lett. Poland, 1, 154–
156 (2009).

[6] G. Assanto, A.A. Minzoni, M. Peccianti and N.F. Smyth, “Optical solitary waves
escaping a wide trapping potential in nematic liquid crystals: modulation theory,”
Phys. Rev. A, 79, 033837 (2009).

[7] G. Assanto, B.D. Skuse and N.F. Smyth, “Solitary wave propagation and steering
through light-induced refractive potentials,” Phys. Rev. A, 81, 063811 (2010).

[8] M. Daoud and C.E. Williams eds., Soft Matter Physics, Springer (1999).

[9] R. El-Ganainy, D.N. Christodoulies, C. Rotschild and M. Segev, “Soliton dynamics
and self-induced transparency in nonlinear suspensions,” Opt. Express, 15, 10207–
10218 (2007).

[10] R. El-Ganainy, D.N. Christodoulies, E.M. Wright, W.M. Lee and K. Dholakia, “Non-
linear optical dynamics in nonideal gases of interacting colloidal nanoparticles,” Phy.

Rev. A, 80, 053805 (2009).
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