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The optical nonlinearity of the suspension is originated from the movement of particles in a field of 
gradient forces and, as a result, from gradient distribution of biopaticles in medium. This ensures 
the concentration nature of optical nonlinearity, acting similarly to Kerr nonlinearity and leading to 
self-focusing of radiation in the medium if the input power of laser radiation exceeds the threshold 
value. The threshold power is directly proportional to the square of the wavelength and inversely 
proportional to the square of the particle size. In a steady state, when the influence of diffusion is 
compensated by the action of gradient forces, soliton propagation of radiation in the biosuspension 
is possible. The shape of the soliton is determined by the polarizability of the particles, the 
diffusion coefficient, the mobility and size of the particles, their concentration in the suspension 
and the effective refractive index of the medium.   
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Coherent mode-locking represents a promising approach for the generation of ultrashort pulses in 
lasers beyond the limitations of standard passive mode-locking. This approach is based on the 
coherent pulse propagation in a laser active medium what allows  the production of pulses much 
shorter in duration than the medium dephasing time. We have performed the detailed modeling of 
the spatio-temporal dynamics of coherently mode-locked lasers in several arrangements. Besides 
the numerical solution of Maxwell-Bloch equations, the analytical approach based on the 
generalized area theorem was developed. Our analysis has demonstrated both the stability and self-
starting properties of coherent mode-locking as well as achieving the pulse durations inaccessible 
by means of standard passive mode-locking. 
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We shall  present some facts of the theory of the  Lorentz group which can be relevant for solving 
problems of light  polarization  in the frames of the vector approach by  Stokes  and Mueller, and 
by the spinor  Jones formalism. A definite correlation exists between completely  and partially 
polarizations of  the light and the isotropic and time-like vectors of the Lorentz group. 
It is known that for completely polarized light can be described by  Stokes  4-dimensional vector or 
alternatively by Jones complex 2-dimensional vector. The Stokes 4-vector formalism may be 
extended to a partially polarized light, but Jones approach does not. In the present paper, starting 
with the Lorentz group theory, we introduce the concept of 4-dimensional Jones spinor, first  for a 
completely polarized light. To such Jones bispinor, there correspond isotropic Stokes 4-vector, and 
antisymmetric Stokes tensor, the last is equivalent to isotropic complex 3-vector. This  approach is 
extended to the partially polarized light as well. We introduce corresponding 4-spinor of Jones type 
and 4-vector and antisymmetric  tensor of Stokes types. We have introduced the concept of 
minimal Jones-like 4-spinor, and have found relationships between the relevant Stokes vector and 
Stokes antisymmetric tensor in analytical form, which is  studied  numerically as well.  
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In present time, tunneling of electromagnetic radiation through media in which the propagation 
of  homogeneous waves is impossible and electromagnetic oscillations are realized in the form 
of  evanescent waves  (e.g.,  through  periodic  media  with photonic forbidden bands and narrowed 
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waveguides) is actively studied. This is due to the possible manifestation in the electrodynamics of 
the Hartman effect known from quantum mechanics: the tunneling time for a quantum particle is 
independent of the thickness of the opaque barrier. In the radio wave range, the natural medium 
that allows modeling this effect is gas discharge plasma, since its permittivity can take negative 
values. In this work, we performed theoretical estimations of the tunneling time of nanosecond 
microwave pulse through plasma layer taking into account the electron collision frequency. We 
used the two approaches to extract the propagation time from our calculations – (i) the time 
estimated via the pulse center of gravity and (ii) the phase (Wigner) time. We showed that these 
approaches mostly agree with each other and demonstrate some characteristic features below the 
plasma frequency. Finally, for experimental verification of the obtained dependencies, we propose 
the scheme based on nanosecond microwave pulse tunneling through the plasma electromagnetic 
band gap structure formed by gas discharge plasmas placed in microwave waveguide, in which 
changing the electronic concentration allows us to switch between the regimes above and below the 
effective plasma frequency. 
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In the modern world, quantum technologies are being actively developed. One of them is quantum 
magnetometry, in which single nitrogen-vacancy centers (NV centers) in diamond are used as 
sensors for measuring magnetic fields with nanometer spatial resolution [1]. However, due to the 
symmetry of the NV center, information about the azimuthal angle of the magnetic field vector is 
lost. Recently, a method of complete vector magnetometry was proposed [2,3], based on the 
analysis of experimental spectra of optically detected magnetic resonance (ODMR) of the system 
NV-13C, in which the electron spin of the NV center is coupled by hyperfine interaction (HFI) 
with the nuclear spin of 13C. 
 Here, we simulate ODMR spectra of 14NV-13C systems using HFI matrices calculated by 
quantum chemistry methods. It is shown that the simulation method ensures the implementation of 
vector magnetometry. A quantitative description of the ODMR spectra obtained with high spectral 
resolution in [2] for the 14NV-13C system, in which the 13C atom was the nearest neighbor of the 
vacancy, is performed. Similar predictive simulation of the ODMR spectra is performed for a 
number of other NV-13C systems. 
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The strong ferromagnetic nanoparticles are analysed within the band structure based shell model [1] 
accounting for discrete quantum levels of conducting electrons. As is demonstrated such an 
approach allows to describe the observed superparamagnetic features of these nanocrystals. 
Assemblies of such superparamagnets incorporated into nonmagnetic insulator, semiconductor or 
metallic substrates are shown to display ferromagnetic coupling resulting in a superferromagnetic 
ordering at sufficiently dense packing. Properties of such metamaterials are investigated by making 
use of the randomly jumping interacting moments model accounting for quantum fluctuations 
induced by the discrete electronic levels and disorder. Employing the mean-field treatment for such 
superparamagnetic assemblies we obtain the magnetic state equation indicating conditions for an 
unstable behaviour. Respectively, magnetic spinodal regions and critical points occur on the 
magnetic phase diagram of such ensembles. The respective magnetodynamics exhibit jerky 
deportment expressed as erratic stochastic jumps in magnetic induction curves. At the critical 
points magnetodynamics display the features of self-organized criticality. Analyses of magnetic 
noise correlations are proposed as model-independent analytical tools employed in order  to specify, 


