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Course annotation 

Fiber properties. Materials used and production methods. Optical losses. Chromatic 

dispersion. Dual refractive index. 

Types of fibers. Multimode and single-mode fibers, step and gradient index fibers, 

polarization maintaining fibers, fibers with modified dispersion characteristics. Fibers for high 

power amplifiers (large mode area and double cladding fibers, micro-structured optical fibers, 

photonics crystal fibers, chirally coupled core fibers). Fibers doped with rare earth ions. 

Modes in step index fibers. Characteristic equation, linearly polarized (LP) modes, 

normalized frequency, single-mode fiber condition, multimode fibers. Hybrid modes. 

Nonlinear propagation of pulse in fibers. The Schrödinger equation describing the pulse 

propagation in the fiber, the effective mode diameter. Numerical methods for solving the 

Schrödinger equation (split-step Fourier method, finite difference method). 

Dispersion of group velocities in fibers. Broadening of pulses in fibers due to dispersion. 

Third-order dispersion. Dispersion management.  

Self phase modulation and cross-phase modulation in fibers. Spectrum broadening due to 

self phase modulation and cross phase modulation, non-linear phase shift, pulse shape and 

initial chirp effects on self phase modulation. Effect of group velocity dispersion on self phase 

modulation, flat top pulse formation. Light propagation in birefringent fibers and cross phase 

modulation.  

Stimulated Brillouin and Raman scattering in fibers. The origin of phenomena. Brillouin 

and Raman amplification spectra, thresholds, coupled amplitude equations. Brillouin and 

Raman fiber lasers and amplifiers. 

Parametric phenomena in fibers. Four waves mixing, coupled amplitude equations. Phase 

matching and ways to achieve it (phase matching in multi-mode, single-mode, birefringent 

fibers, etc. methods). Parametric gain, gain bandwidth. Parametric fiber oscillators and 

amplifiers. 
Beam propagation method (BPM). FFT and FD beam propagation methods. Wide-angle BPM 

and Pade approximants. Bidirectional BPM. Scalar and full-vectorial 3D BPM. PML and TBC 

boundary conditions for beam propagation methods. Imaginary distance BPM and waveguide 

mode solving. Application of BPM for modeling of propagation of surface plasmons.  

Finite-difference time-domain beam propagation method (FDTD). Scalar and full-vectorial 

time-domain beam propagation method. Algorithm of FDTD and Yee cells mesh. Time-domain 

Pade approximants for modeling of propagation of short pulses. Evaluation of dispersion and 

nonlinearities in FDTD method. Application of FDTD in near field and nano optics. 



Near field optics. Nonradiating and nonpropagating optical fields. Models for near field optics 

(FDTD, volume integral equations, BPM). Nano-collectors and nano-emitters. Theory of 

scanning near field optical microscopy (SNOM). Role of surface plasmons in near field optics. 

Near field tomography and inverse scattering problem. 

Integrated waveguide optics. Application of BPM and FDTD for modeling of integrated optics. 

Silicon on isolator integrated optics. Modes in ridge waveguides. Y-splitters, Mach-Zehnder 

interferometers, grating couplers and mode filters. Modulators and detectors, integration with 

optical fibers and lasers.  

Micro-ring resonators. Modes in bended dielectric waveguides. Analytical models for micro-

ring resonators. Micro-ring resonators based filters, sensors and modulators.  
Ellipsometry. Polarized light. Complex plane. Poincare sphere. Mueller matrix 

ellipsometry. Spectroscopic ellipsometers and their ellisometric configurations. 

Applications of ellipsometry. New elipsometric schemes.  

Surface spectroscopy. Structural features of the surfaces. Electronic structure of the surfaces. 

Energy levels of the surfaces. Surface enhanced effects. Strong and weak coupling between 

different optical surface excitations. Plasmonic resonances (surface plasmon polaritons, 

localized plasmons, Fano resonances, Tamm plasmon polaritons) Bloch surface waves, Tamm 

optical states. Application of plasmonic resonances for the optical gas-bio-sensing and integrated 

optical circal. 

Infrared vibrational spectroscopy and applications. Dielectric permittivity in electron-phonon 

systems. IR vibrational and rotational spectra. Reflection, transmission and attenuated total 

internal reflection spectroscopy. Fourier spectroscopy. Polarization modulation techniques. 

Enhanced IR reflection methods of thin molecular films.  

Photoacoustic spectroscopy. Photoacoustic effect. Photoacoustic gas spectroscopy. Resonance 

and non-resonance photoacoustic cuvettes. Detection limit of photoacoustic spectroscopy. 

FTIR photoacoustic spectroscopy.  

Resonant light-matter interaction. Scattering, absorption and stimulated emission. Depletion 

of the absorption lines. Coherent phenomena in absorption. Optical mutations, free induction 

relaxation, optical echo.  

Laser methods of analytical spectroscopy. Advantages of laser spectroscopy. Transmission-

reflection methods. Absorption measurements methods. Fluorescence and Raman scattering 

methods. Absorption, differential absorption, scattering, fluorescence methods. Nonlinear 

analytical laser spectroscopy methods. Elimination of Doppler depletion.  

Kinetic laser spectroscopy. Relaxation processes in homogeneous and non-homogeneous 

systems. Pulse fluorescence spectroscopy. Electrical and optical time domain gates. Pump-

probe method. Vibrational IR spectroscopy. Dynamic grating method. Photonic echo. Three 

dimensional coherent spectroscopy. Coherent reaction control. 
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