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The dissertation of Zara Andreeva Kasapeteva is on nonlinear parametric processes due to the
third-order nonlinear optical susceptibility of the materials, such as the four-wave mixing, leading
to energy transformation of high-intensity pulses propagating in different waveguide media. The
great interest in the role of four-photon parametric interaction is due to the possibility of controlling
the energy exchange between optical signals and their transmission over considerable distances
with the potential for application in modern communication systems.

The main objective of the thesis is to investigate theoretically the nonlinear parametric processes
arising from the propagation of continuous mode laser radiation and femtosecond optical pulses in
isotropic media. To achieve the goal, 5 tasks have been formulated, that correctly reflect the
scientific developments of the doctoral candidate, including the creation of a mathematical
algorithm for obtaining analytical solutions and their visualization with numerical simulations.

It is clear from the presented material that the doctoral student knows the current state of research
and achievements in the field of non-linear parametric processes. This is evident from the brief
review (Chapter 1) of linear and non-linear effects arising in isotropic Kerr type media, for which
the results and conclusions of 22 literature sources were used.

The presented dissertation with a volume of 106 pages consists of 4 chapters and contains 27
figures and 2 tables. The exposition begins with an Introduction which is a brief description of the
topic and structure of the dissertation. The used literature is indicated at the end of each chapter,
with some of the literary sources cited in more than one chapter. A mathematical algorithm is
developed to solve systems of nonlinear partial differential equations describing the evolution of
three waves in Chapter 2 and of the components of a laser pulse representing a fundamental light
soliton in Chapter 4, under the influence of a four-photon interaction, that leads to energy exchange
between them, taking into account the effects of self-phase modulation and cross-phase
modulation. Exact solutions determining the efficiency and period of energy transfer are found,
and the analytical results are illustrated with numerical simulations. The energy exchange between
spectrally close picosecond pulses propagating in a single-mode optical fiber with the intensity of
the pumping pulse close to the critical one for the formation of a soliton was numerically
investigated in Chapter 3. The dissertation concludes with a systematization of the main
contributions and a List of the doctoral candidate's publications on the topic.

The scientific contributions on which the thesis is defended concern the development of a
mathematical algorithm for solving systems of nonlinear partial differential equations describing
the studied parametric processes, which is applicable to waves and pulses with arbitrary initial



intensity, generalized phases and wave number mismatch. The amplitude and period of energy
exchange between the elliptically polarized components of the optical pulse is different depending
on the initial conditions, and the observed precession around the axes of the polarization ellipse
can be classified as a new scientific fact.

The dissertation is written on the basis of 5 articles, 4 of which are published in refereed
international journals, 2 of them with impact factor and the remaining 2 with SJR. The number of
co-authors in all publications is greater than 3, of which two are the supervisors of the doctoral
student. In two of the publications, Zara Kasapeteva is the first author. The results of the
dissertation have been reported at 5 national and international scientific forums. The research that
led to the scientific contributions was funded by 5 projects under NSF.

The Abstract reflects the main points of the content of the dissertation.

Both in the dissertation and in the author's abstract, there are a number of technical inaccuracies
in the writing of the formulas, their numbering and citation in the text, which makes it difficult to
follow an analysis, but in no case reduces the value of the work.

In conclusion I consider that the requirements for the educational and scientific degree ,,doctor*
are fulfilled and I give a positive assessment for the awarding of this degree to the assistant at PU
,Paisii Hilendarski“ Zara Andreeva Kasapeteva in the scientific direction 4.1. Physical Sciences,
PhD program ,,Physics of Wave Processes*.
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