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Course annotation 

Femtosecond light pulses in dispersive linear media. 

Wave packet description methods. Propagation of the light beams. Time and space analogy. The 

light pulse models. Dispersive wave packet broadening. Dispersion theory approximations. 

Wave packet Fourier optics. Femtosecond light pulse propagation in optical systems: pulse 

filtering, lenses, mirrors, diffraction gratings and interferometers. Matrix description. 

Femtosecond pulses diffraction. Light wave-packets in optical fibers. Optical matrices for 

dispersive systems. 

Light pulse self-action: self-phase-modulation, self-compression, solitons. 

Self-action physics: the origin of nonlinear refractive index, conversion of amplitude 

modulation into the phase. Quasi-static cubic response and the nonlinear refractive index. 

Equations of nonlinear optics describing light propagation dynamics in medium with cubic 

nonlinearity. Self-phase-modulation of regular pulses. Shock envelope waves. Self-focusing of 

the femtosecond pulses. Super-broadening of spectrum, continuum generation, spectral 

description of self-phase-modulation. Stationary pulses - soliton propagation. 

Light-matter interaction. Coherence. 

Description of light-matter interaction by density matrix. Pulse shaping in resonance media. 

Nonlinear and non-resonance processes, their description methods. Coherent and non-coherent 

interaction. Maxwell-Bloch equations, the population, the evolution equation. Multiphoton 

interactions. 

Femtosecond pulse parametric interaction and coherent scattering. 

Physics of the femtosecond pulse nonlinear parametric interaction. Femtosecond pulse 

frequency doubling. Parametric amplification of ultra-short pulses. Sum frequency generation. 

Parametric solitons. Difference frequency generation and infrared femtosecond pulse 

Cherenkov radiation. Stimulated Raman scattering of the ultrashort pulses. 

Fast control of the phase. The light pulse compression and generation. 

Nonlinear optical phase modulators. Optical compressors and compression optimization. Self-

phase-modulation in dispersive medium. Spectral filtering and random pulse compression. 

Femtosecond pulse duration and shape control, self-action and compression features. 

Optical solitons.  

Optical soliton formation. Single-soliton and multi-soliton solutions of Schroedinger equation. 

Experimental demonstration of optical solitons.  The powerful ultrashort pulse self-

compression: opportunities and challenges. Solitons propagation disturbing factors. The 

inverse-scattering transform method for nonlinear equation solutions. 

Femtosecond laser system. 



General principles for the development of laser systems. Solid-state lasers. Tunable 

femtosecond laser systems. Optical parametric chirped pulse amplification (OPCPA). The 

powerful femtosecond pulse amplification and generation. Far infrared femtosecond pulses. 

Diagnostic methods.  

Intensity and interferometric correlation. Measurement techniques. Pulse amplitude and phase 

reconstruction. Measurement Techniques of femtosecond spectroscopy. Data deconvolution. 

Transient absorption spectroscopy. Transient polarization rotation. Transient grating 

techniques. Femtosecond resolved fluorescence. Imaging technique. 
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