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Annotation

The goal of the discipline is to provide students with a general understanding of the fundamental aspects of
the propagation, radiation, and scattering of light in particular, and electromagnetic radiation in general. The
students will be taught the general approach to describing light scattering by objects and nanostructures, and
the universal patterns observed in the interaction of optical radiation with resonant nanostructures will be
shown.

1. Study objective

Purpose of the course

To provide students with a general understanding of the fundamental aspects of the propagation,
radiation, and scattering of light in particular, and electromagnetic radiation in general. Teach students
the universal methods of describing light scattering by objects and nanostructures, and demonstrate the
universal patterns observed in the interaction of optical radiation with resonant nanostructures.

Tasks of the course
- Mastering the basics of electromagnetism

- Teach methods for describing the propagation and emission of electromagnetic radiation in
homogeneous space and waveguides

- Teach students the universal methods for describing the scattering of optical radiation by resonant
nanostructures

- Gaining knowledge about the geometric and polarization characteristics of light and their
transformation upon scattering by objects

- Teaching students the skill of employing the learned methods for solving practical problems

2. List of the planned results of the course (training module), correlated with the planned results of the
mastering the educational program

Mastering the discipline is aimed at the formation of the following competencies:

Code and the name of the competence Competency indicators

UC-1.1 Systematically analyze the problem situation,
identify its components and the relations between them

UC-1.2 Search for solutions by using available sources

UC-1 Use a systematic approach to critically
analyze a problem and develop an action plan

Gen.Pro.C-1.1 Apply fundamental scientific knowledge in
the field of physical and mathematical sciences
Gen.Pro.C-1.2 Able to summarise and critically evaluate
experiences and research results in the field of photonics
and opto-informatics

Gen.Pro.C-1.3 Understands the interdisciplinary links in
mathematics and physics and is able to apply them to
problems in photonics and opto-informatics

Gen.Pro.C-1 Gain fundamental scientific
knowledge in the field of physical and
mathematical sciences

Gen.Pro.C-3.1 Analyze problems, plan research strategy to
Gen.Pro.C-3 Select and/or develop approaches |achieve solution(s), propose, and combine solution

to professional problem-solving with approaches
consideration to the limitations and specifics of |Gen.Pro.C-3.3 Gain knowledge of analytical and
different solution methods computational methods of problem-solving, understand the

limitations for applying the obtained solutions in practice

Gen.Pro.C-4.1 Apply ICT knowledge and skills to find and
study scientific literature and use software products
Gen.Pro.C-4.2 Apply knowledge in the field of physical and
mathematical sciences to solve problems, make conclusions,
and evaluate the obtained results

Gen.Pro.C-4.3 Justify the chosen method of scientific
research

Gen.Pro.C-4 Successfully perform a task,
analyze the results and present conclusions,
apply knowledge and skills in the field of
physical and mathematical sciences and ICTs

Pro.C-1.1 Locate, analyze, and summarize information on
current research findings within a selected subject field
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develop and research mathematical models of
the studied phenomena and processes,
systematically analyze scientific problems and
obtain new scientific results

Pro.C-1.2 Make hypotheses, build mathematical models of]
the studied phenomena and processes, evaluate the quality
of the developed model

Pro.C-1.3 Able to apply theoretical and/or experimental
research methods in photonics and opto-informatics to a
specific scientific problem and interpret the results obtained

Pro.C-2 Organize and conduct scientific Pro.C-2.1 Able to plan and carry out research in photonics
research and testing independently or as a and opto-informatics independently or as part of a research
member (leader) of a small research team team

Pro.C-3.1 Understand the operating principles of the
equipment and specialized software

Pro.C-3.3 Evaluate the accuracy of the experimental
(numerical) results

Pro.C-3 Professionally use research and testing
equipment (devices and installations,
specialized software) in a selected subject field

3. List of the planned results of the course (training module)
As a result of studying the course the student should:
know:

- Fundamentals of the mathematical apparatus for describing the electromagnetic field (Maxwell's
equations, wave equation, Green's tensor, Poynting's theorem, scattering matrix)
- Basic approaches to describing the propagation and scattering of optical radiation
- Various classes of localized solutions (waveguide modes, leaky modes, resonances, bound states
within the continuum) and classes of resonant optical effects observed in resonant nanostructures

be able to:

- Find the dispersion laws of optical modes of homogeneous media and waveguide structures
- Calculate the fields of the simplest radiating systems in a homogeneous medium
- Calculate eigenmodes and eigenfrequencies of basic nanostructures (layers, cylinders, spheres)
- Simulate light scattering by an arbitrary resonant nanostructure at a basic level
master:
- General methods for solving problems of propagation of radiation of electromagnetic waves (search
for the spectrum of waveguide modes, calculation of radiation);
- Methods of searching for optical eigenmodes and natural frequencies of resonant nanostructures
- Analytical methods for describing the scattering of optical radiation by generalized resonant
structures

4. Content of the course (training module), structured by topics (sections), indicating the number of
allocated academic hours and types of training sessions

4.1. The sections of the course (training module) and the complexity of the types of training sessions

Types of training sessions, including independent work
Ne Topic (section) of the course
. Laboratory Independent
Lectures Seminars .
practical work
1 Maxwell's equations, material relations, ) 1
wave equation
) Radiation problem, Green's tensor, ) 1
eigenmodes
3 Symmetries and conservation laws in ) 1
optics
4 Plane waves in homogeneous media; ) 1
isofrequencies
Scattering of waves at the interface;
5 . 2 1
transfer matrix method
6 Standing waves, cylindrical beams, ) 1
spherical harmonics




Waveguiding  structures;  waveguide

7 2 1
mode classes
Waveguide modes of planar and

8 .o 2 1
cylindrical systems

9 Surface waves; waveguiding in a thin ) 1
layer

10 Modes of periodic structures; photonic ) 1
crystals
Radiation problem; Green's tensor of free

11 ) . 2 1
space; dipole radiation
Multipole decomposition; radiation near

12 2 1
the surface

13 |Radiation intensity, density of states 2 1
Scattering problem,

14  |Lippmann-Schwinger equation; 2 1
scattering matrix
Eigenmodes, resonances; zeros and poles

15 . . 2 1
of the scattering matrix

16  |Coupled mode theory 4 3

17  |Exactly solvable scattering problems 4 3
Non-Hermitian optics: absorbers and

18 2 3
lasers

19  |Bound states within the continuum 2 2

20  |Exceptional points 2 2

1 Scattering by a compact object; scattering 4 3
cross sections; sphere scattering

22 |Cloaking and super-scattering 2 3

73 Coupled dipole method; diffraction by ) )
arrays

24 |Light polarization; Jones matrices 2 2

25 Spln and orbital moment; chirality of] ) )
light
Polarization conversion; classification of]

26 N 2 2
polarization effects
Classification of magneto-electric media;

27 . . : 2 3
simple chiral media

AH in total 60 45

Exam preparation 30 AH.

Total complexity 135 AH., credits in total 3

4.2. Content of the course (training module), structured by topics (sections)
Semester: 1 (Fall)
1. Maxwell's equations, material relations, wave equation

Basic mathematical relations of electromagnetism: Maxwell's equations, wave equation, Helmholtz
equation. Harmonic form of equations. Equivalence principle. Material relations, Lorentz and Debye
models. Causality.

2. Radiation problem, Green's tensor, eigenmodes

Maxwell's equations with a source, formulation of the radiation problem. Green's function concept.
Eigenmodes, expansion of the Green's function of closed structures in terms of eigenmodes.




3. Symmetries and conservation laws in optics

Poynting's theorem, Poynting's vector, energy conservation law. T-invariance and reciprocity of
electromagnetic systems. Scaling invariance principle.

4. Plane waves in homogeneous media; isofrequencies

Solutions of Maxwell's equations in homogeneous isotropic space. Plane waves; evanescent waves.
Waves in media with a negative refractive index. Dispersion of waves in anisotropic materials,
Fresnel equation.

5. Scattering of waves at the interface; transfer matrix method

Transmission and reflection of a plane wave at the interface between two media, Fresnel's formula.
Transfer matrix method for isotropic media.

6. Standing waves, cylindrical beams, spherical harmonics

Superposition of plane waves, standing waves. Non-diffracting beams, Bessel beams. Scalar and
vector spherical harmonics.

7. Waveguiding structures; waveguide mode classes

The problem of waveguide modes. Classification of waveguide modes: localized, leaky, and
anti-waveguide modes.

8. Waveguide modes of planar and cylindrical systems
Waveguide modes of a flat and cylindrical metal waveguide. Dielectric layer and cylinder modes.
9. Surface waves; waveguiding in a thin layer

Waveguide solutions at the interface between two media. Wave conduction by a thin conductive
layer. Dyakonov waves.

10. Modes of periodic structures; photonic crystals
Waveguide modes of periodic structures, Bloch's theorem, photonic crystals, band gap.
11. Radiation problem; Green's tensor of free space; dipole radiation

Statement of the radiation problem. Finding the Green's tensor for a homogeneous isotropic space.
Radiation of an electric and magnetic dipole.

12. Multipole decomposition; radiation near the surface

Decomposition of the field of the radiating system into spherical harmonics. Multipole
decomposition of current. Radiation of a dipole near the interface between two media.

13. Radiation intensity, density of states
The power of the dipole radiation, the relationship with the density of states, the Purcell factor.

14. Scattering problem, Lippmann-Schwinger equation; scattering matrix



Statement of the scattering problem, Lippmann-Schwinger integral equation; scattering channels,
scattering matrix.

15. Eigenmodes, resonances; zeros and poles of the scattering matrix

The concept of eigenmodes and resonances. Complex frequency plane, natural frequencies; zeros
and poles of the scattering matrix.

Semester: 2 (Spring)
16. Coupled mode theory

Phenomenological theory of coupled modes for describing the response of resonant systems. The
case of several modes and several scattering channels.

17. Exactly solvable scattering problems

Scattering matrices of the interface, layer, eigenvalues and eigenmodes Connection of complex
eigenmodes with the waveguide problem.

18. Non-Hermitian optics: absorbers and lasers

Physics of systems with attenuation and amplification; ideal absorbers, coherent absorbers; linear
theory of lasers.

19. Bound states within the continuum

Physics of bound states in the continuum, methods of their occurrence, modeling within the
framework of the theory of coupled modes.

20. Exceptional points

Singular points of Hamiltonians, examples of singular points in non-Hermitian systems. PT
symmetry, laser absorber.

21. Scattering by a compact object; scattering cross sections; sphere scattering

Description of field scattering by a compact object. Decomposition of a plane wave in spherical
harmonics. Scattering cross sections, scattering amplitude. Optical theorem. The problem of
scattering by a sphere, resonances of spheres.

22. Cloaking and super-scattering
Suppression of scattering by a compact object; anapol. Super-scattering by nanoparticles.
23. Coupled dipole method; diffraction by arrays

Coupled dipole method. Scattering by two bound atoms. Light scattering by a periodic array,
diffraction orders, diffraction singularities.

24. Light polarization; Jones matrices

Polarization of the electromagnetic field, polarization ellipse, Stokes parameters, Poincaré sphere.
Jones matrices.

25. Spin and orbital moment; chirality of light



Angular moment of light, division into spin and orbital angular momentum. Spin-orbital coupling.
Density of chirality, chirality operator. Dual structures. Relationship between chirality and spin.

26. Polarization conversion; classification of polarization effects

Polarization effects in the interaction of light with planar periodic structures. Symmetry classification
of periodic structures.

27. Classification of magneto-electric media; simple chiral media

Classification of magneto-electric media. The case of a bi-isotropic chiral medium, rotation of
polarization and circular dichroism.

5. Description of the material and technical facilities that are necessary for the implementation of the
educational process of the course (training module)

A set of electronic presentations/slides; an audience equipped with presentation equipment (projector,
screen, computer / laptop); if necessary, special technical means for students with disabilities and
persons with disabilities.

6. List of the main and additional literature, that is necessary for the course (training module)
mastering

Main literature

1. Teopernueckas pusuka [Texcr] : B 10 T. T. 2 : Teopus nons : yue6. mocobue ais By3os / JI. J1.
Jlannay, E. M. Jludmmun ; mox. pen. JI. IT. Tluraesckoro .— 8- uzn., crepeoturt. — M. : Ou3mMamiuT,
2001, 2003, 2006, 2012, 2014 .— 536 c.

2. Ocuoel Hanoontuku [ Texct] / JI. HoBotHsrii, b. Xext ; ep. ¢ annt. A. A. Konosko, O. A. lllyToBoit
; mox pen. B. B. Camapresa - M.®@uzmarnut,2009, 2011

Literature fund of the basic departament:
1. Jackson, John David. "Classical electrodynamics." (1999): 841-842.

Additional literature

Literature fund of the basic departament:
1. Molding the flow of light / Joannopoulos, J. D., Johnson, S. G., Winn, J. N., & Meade, R. D.
Princeton Univ Press, Princeton, NJ (2008).

7. List of web resources that are necessary for the course (training module) mastering
http://www.nanophotonics.es/widgets2.

8. List of information technologies used for implementation of the educational process, including a list
of software and information reference systems (if necessary)

When preparing and conducting lectures, the Internet is used.
In addition, Libre Office is used, as well as the Ink Scape graphics package.

9. Guidelines for students to master the course

A student studying the discipline must, on the one hand, master the general conceptual apparatus, and
on the other hand, must learn to apply theoretical knowledge in practice.

As a result of studying the discipline, the student must know the basic definitions and concepts, be able
to apply the knowledge gained to solve various problems.

Successful completion of the course requires:
- attendance of all classes provided for by the curriculum for the discipline;
- keeping a synopsis of classes;



- student's intense independent work.

Independent work includes:

- reading recommended literature;

- study of educational material, preparation of answers to questions intended for independent study;

- solving problems offered to students in the classroom;

- preparation for the performance of tasks of the intermediate certification.

An indicator of mastery of the material is the ability to answer questions on the topics of the discipline
without a synopsis.

It is important to achieve an understanding of the material being studied, not its mechanical
memorization. If a student finds it difficult to study certain topics, questions, he/she should seek advice
from a teacher.

Intermediate control of students' knowledge is possible in the form of solving problems in accordance
with the topic of classes.
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1. Competencies formed during the process of studying the course

Code and the name of the competence

Competency indicators

UC-1 Use a systematic approach to critically
analyze a problem and develop an action plan

UC-1.1 Systematically analyze the problem situation,
identify its components and the relations between them

UC-1.2 Search for solutions by using available sources

Gen.Pro.C-1 Gain fundamental scientific
knowledge in the field of physical and
mathematical sciences

Gen.Pro.C-1.1 Apply fundamental scientific knowledge in
the field of physical and mathematical sciences

Gen.Pro.C-1.2 Able to summarise and critically evaluate
experiences and research results in the field of photonics
and opto-informatics

Gen.Pro.C-1.3 Understands the interdisciplinary links in
mathematics and physics and is able to apply them to
problems in photonics and opto-informatics

Gen.Pro.C-3 Select and/or develop approaches
to professional problem-solving with
consideration to the limitations and specifics of
different solution methods

Gen.Pro.C-3.1 Analyze problems, plan research strategy to

achieve solution(s), propose, and combine solution
approaches
Gen.Pro.C-3.3 Gain knowledge of analytical and

computational methods of problem-solving, understand the
limitations for applying the obtained solutions in practice

Gen.Pro.C-4 Successfully perform a task,
analyze the results and present conclusions,
apply knowledge and skills in the field of
physical and mathematical sciences and ICTs

Gen.Pro.C-4.1 Apply ICT knowledge and skills to find and
study scientific literature and use software products

Gen.Pro.C-4.2 Apply knowledge in the field of physical and
mathematical sciences to solve problems, make conclusions,
and evaluate the obtained results

Gen.Pro.C-4.3 Justify the chosen method of scientific
research

Pro.C-1 Assign, formalize, and solve tasks,
develop and research mathematical models of
the studied phenomena and processes,
systematically analyze scientific problems and
obtain new scientific results

Pro.C-1.1 Locate, analyze, and summarize information on
current research findings within a selected subject field

Pro.C-1.2 Make hypotheses, build mathematical models of]
the studied phenomena and processes, evaluate the quality
of the developed model

Pro.C-1.3 Able to apply theoretical and/or experimental
research methods in photonics and opto-informatics to a
specific scientific problem and interpret the results obtained

Pro.C-2 Organize and conduct scientific
research and testing independently or as a
member (leader) of a small research team

Pro.C-2.1 Able to plan and carry out research in photonics
and opto-informatics independently or as part of a research
team

Pro.C-3 Professionally use research and testing
equipment (devices and installations,
specialized software) in a selected subject field

Pro.C-3.1 Understand the operating principles of the
equipment and specialized software

Pro.C-3.3 Evaluate the accuracy of the experimental
(numerical) results

2. Competency assessment indicators

As a result of studying the course the student should:

Kknow:

- Fundamentals of the mathematical apparatus for describing the electromagnetic field (Maxwell's
equations, wave equation, Green's tensor, Poynting's theorem, scattering matrix)

- Basic approaches to describing the propagation and scattering of optical radiation

- Various classes of localized solutions (waveguide modes, leaky modes, resonances, bound states
within the continuum) and classes of resonant optical effects observed in resonant nanostructures

be able to:



- Find the dispersion laws of optical modes of homogeneous media and waveguide structures
- Calculate the fields of the simplest radiating systems in a homogeneous medium
- Calculate eigenmodes and eigenfrequencies of basic nanostructures (layers, cylinders, spheres)
- Simulate light scattering by an arbitrary resonant nanostructure at a basic level
master:
- General methods for solving problems of propagation of radiation of electromagnetic waves (search
for the spectrum of waveguide modes, calculation of radiation);
- Methods of searching for optical eigenmodes and natural frequencies of resonant nanostructures
- Analytical methods for describing the scattering of optical radiation by generalized resonant
structures

3. List of typical control tasks used to evaluate knowledge and skills
Not provided.

4. Evaluation criteria

Assessment “excellent (10)” is given to a student who has displayed comprehensive, systematic and
deep knowledge of the educational program material, has independently performed all the tasks
stipulated by the program, has deeply studied the basic and additional literature recommended by the
program, has been actively working in the classroom, and understands the basic scientific concepts on
studied discipline, who showed creativity and scientific approach in understanding and presenting
educational program material, whose answer is characterized by using rich and adequate terms, and by
the consistent and logical presentation of the material;

Assessment “excellent (9)” is given to a student who has displayed comprehensive, systematic
knowledge of the educational program material, has independently performed all the tasks provided by
the program, has deeply mastered the basic literature and is familiar with the additional literature
recommended by the program, has been actively working in the classroom, has shown the systematic
nature of knowledge on discipline sufficient for further study, as well as the ability to amplify it on
one’s own, whose answer is distinguished by the accuracy of the terms used, and the presentation of
the material in it is consistent and logical;

Assessment “excellent (8)” is given to a student who has displayed complete knowledge of the
educational program material, does not allow significant inaccuracies in his answer, has independently
performed all the tasks stipulated by the program, studied the basic literature recommended by the
program, worked actively in the classroom, showed systematic character of his knowledge of the
discipline, which is sufficient for further study, as well as the ability to amplify it on his own;
Assessment “good (7)” is given to a student who has displayed a sufficiently complete knowledge of
the educational program material, does not allow significant inaccuracies in the answer, has
independently performed all the tasks provided by the program, studied the basic literature
recommended by the program, worked actively in the classroom, showed systematic character of his
knowledge of the discipline, which is sufficient for further study, as well as the ability to amplify it on
his own;

Assessment “good (6)” is given to a student who has displayed a sufficiently complete knowledge of
the educational program material, does not allow significant inaccuracies in his answer, has
independently carried out the main tasks stipulated by the program, studied the basic literature
recommended by the program, showed systematic character of his knowledge of the discipline, which
is sufficient for further study;

Assessment “good (5)” is given to a student who has displayed knowledge of the basic educational
program material in the amount necessary for further study and future work in the profession, who
while not being sufficiently active in the classroom, has nevertheless independently carried out the
main tasks stipulated by the program, mastered the basic literature recommended by the program, made
some errors in their implementation and in his answer during the test, but has the necessary knowledge
for correcting these errors by himself;



Assessment “‘satisfactory (4)” is given to a student who has discovered knowledge of the basic
educational program material in the amount necessary for further study and future work in the
profession, who while not being sufficiently active in the classroom, has nevertheless independently
carried out the main tasks stipulated by the program, learned the main literature but allowed some
errors in their implementation and in his answer during the test, but has the necessary knowledge for
correcting these errors under the guidance of a teacher;

Assessment “satisfactory (3)” is given to a student who has displayed knowledge of the basic
educational program material in the amount necessary for further study and future work in the
profession, not showed activity in the classroom, independently fulfilled the main tasks envisaged by
the program, but allowed errors in their implementation and in the answer during the test, but
possessing necessary knowledge for elimination under the guidance of the teacher of the most essential
errors;

Assessment “unsatisfactory (2)” is given to a student who showed gaps in knowledge or lack of
knowledge on a significant part of the basic educational program material, who has not performed
independently the main tasks demanded by the program, made fundamental errors in the fulfillment of
the tasks stipulated by the program, who is not able to continue his studies or start professional
activities without additional training in the discipline in question;

Assessment “unsatisfactory (1)” is given to a student when there is no answer (refusal to answer), or
when the submitted answer does not correspond at all to the essence of the questions contained in the
task.

5. Methodological materials defining the procedures for the assessment of knowledge, skills, abilities
and/or experience

The course is graded at a credit (9th term) and an exam (10th term). The questioning starts with a
random task assigned to each student and time given for completion of the task. No aids are allowed.
The student then proceeds to a chat with the examiner, at which he/she presents his/her solution to the
assigned task. The examiner then asks the student several questions that evenly cover the course
content. A final grade is assigned based on the quality of answers and demonstrated level of
understanding.



List of checking questions (9" term):

. Material relations in electrodynamics, models of material relations.

. Poynting's theorem, energy flux, dissipation power.

. Time reversal and scaling invariance in electrodynamics.

. Spectrum of plane waves in an isotropic medium, evanescent waves. Isofrequency.

. Scattering of a plane wave by the interface between two media, Fresnel's formula

. Non-diffracting beams; Bessel beams.

. Wave-guiding structures; classification of waveguide modes; light cone.

. Spectrum of waveguide modes of the dielectric layer

. Spectrum of surface waves at the metal-dielectric interface.

10. Photonic crystals. Band structure of a one-dimensional photonic crystal, band gap.

11. Intensity of dipole radiation, relationship with the density of states. The Purcell factor.

12. Statement of the scattering problem, Lippmann-Schwinger integral equation, scattering matrix.
13. Eigenmodes and natural frequencies. Properties of the scattering matrix at eigenfrequencies.

O©Coo~NOoOUIThWNE

Examples of problems (9™ term):

1.

2.

Calculate the Poynting vector of a y-polarized TE evanescent wave propagating along x E(r) = Efelkx*e~*2Z, Show that
the z-component of the energy flux in such a wave is equal to 0.

Consider a linear combination of two evanescent waves propagating along x with the same wavenumber: E;(r) =
Eyeikxre=rzZ E,(r) = EelbyeikxXet zZ E(r) = E,(r) + E,(r). Calculate the z-component of the Poynting vector as
a function of the relative phase ¢. What does this result say about the transfer of energy by evanescent waves?

Consider the propagation of plane waves in an isotropic medium described by the Lorentzian dielectric constant e(w) =

wp
€ + wi-w?-iy
of the wave vector near the resonance of the medium?
Find the solution to the same problem numerically, but in the complex frequency plane, assuming real k. Analyze the

resulting spectrum of complex m-solutions ® (k). What happens to the spectrum near the resonance of the medium?
Consider the reflection of a plane linearly polarized wave incident from air onto a metal without loss described by the
2

o Plot the spectrum of solutions of plane waves k =k (o). What happens to the real and imaginary parts

Drude permittivity e = 1 — % with an electric field polarized at an angle ¢ relative to the plane of incidence. Find the
polarization state of the reflected wave. Tip: decompose the incident wave into s- and p-polarized components and
calculate each reflection of each component separately.

Using the Bloch expansion of the stationary solution of the wave equation in a two-dimensional periodic system with

periods A = (Ly, Ly),, show that for frequencies above w = ﬁ the system does not support true waveguide
xky

localized solutions.

Using the expression for the quasi-static potential of a point electric dipole ¢ = L

prnEy calculate the field created by
0

such a dipole and the radiation intensity of the quasi-static dipole using the expression for the density of states
Im[p* - E;q4(0)].

List of checking questions (10" term):

Construction of the theory of coupled modes for a single-mode resonator with one port.

Resonances of the dielectric layer.

Absorbers and lasers. Description of the absorber using coupled mode theory, critical coupling mode.

Bound states within the continuum.

Degenerate points in the spectrum of non-Hermitian systems. An example of structures with degenerate points.
Scattering of a plane wave by a compact object. Scattering cross sections.

Cloaking and super-scattering by a compact object.

The method of coupled dipoles.

Chirality of light, connection with spin.

0. Conversion of polarization in the interaction of light with planar periodic structures. Specific examples of unit
cells falling into different symmetry classes.

BOoo~NoarwNE

Examples of problems (9" term):

1.

2.

Construct a formal scattering matrix for a vacuum layer of thickness L in the basis of plane waves propagating along the
normal to this "vacuum layer". Find the eigenvalues of the given scattering matrix.

Consider a generalized single-mode resonant optical system associated with a single scattering channel and plot the phase
(argument) of the complex scattering coefficient in the complex frequency plane. In which areas of the graph are phase
gradients visible? What points have a topological charge?

Consider a single-mode resonant structure with y_ (n-rad) dissipation symmetrically coupled to two scattering channels
(simulating, for example, a dielectric layer in a symmetric environment). Using coupled mode theory for this structure,
calculate the absorption coefficient when the system is excited from one channel. Find the condition for maximum
absorption. What is the significance of this maximum absorption rate?

Now resolve the excitation of the system from the previous exercise through both diffusion channels. What is the maximum
possible absorption level? What vector of the incident field s ~ + realizes this maximum absorption?



5. Consider a compact resonant two-mode lossless system with eigenmodes w, — iy; and w, — iy,, where y; are the rates of
purely radiative decay. Assume that both modes are predominantly associated with the same scattering channel (some
multipole harmonic). Using coupled mode theory for a compact scatterer, calculate the scattering cross section of an object
and demonstrate the invisibility effect. Does the effect persist in the presence of dissipation in the object?

Example of examination question papers:
Question paper 1.

1. Construction of the theory of coupled modes for a single-mode resonator with one port.

2. Consider a single-mode resonant structure with y (n-rad) dissipation symmetrically coupled to two scattering channels
(simulating, for example, a dielectric layer in a symmetric environment). Using coupled mode theory for this structure,
calculate the absorption coefficient when the system is excited from one channel. Find the condition for maximum absorption.
What is the significance of this maximum absorption rate?

Question paper 2.
1. Resonances of the dielectric layer.
2. Construct a formal scattering matrix for a vacuum layer of thickness L in the basis of plane waves propagating along the
normal to this "vacuum layer". Find the eigenvalues of the given scattering matrix.



10.DoHA O1LIEHOYHBIX CPEICTB

Hepeltenb KOHmMPOJIbHbLX 60NPOCOB 6 9-om cemecmpe:.

RBOoo~NoGOR~WNE

0.
1.
12.
13.

MarepuanbHble COOTHOLIEHHS B AIEKTPOANHAMUKE, MOAEIN MaTepUATIbHBIX COOTHOLIIEHHH.

Teopema IloliHTHHTra, TOTOK SHEPTUH, MOIIHOCTb AUCCUIIALINY.

OOpaieHne BpeMeHH ¥ CKeHINHT-HHBAPHAHTHOCTD B 3JIEKTPOJHHAMUKE.

CriekTp MIOCKUX BOJH B U30TPOIHOMN CpeJie, 9BaHECIICHTHbIE BOJIHBL. M30uacToTa.

PaccestHne TII0CKOH BOJIHBI TpaHHIIEH pasjiena ABYX cpexn, hopmyisl Openernst

Hemudparupyromue myuxu; beccenensl mydxu.

BonHoBenymye cTpyKTyphl; KIacCU(pUKaIKs BOTHOBOAHBIX MOJI; CBETOBOI KOHYC.

CreKTp BOJTHOBOJHBIX MOJ AUAIEKTPUUECKOTO CIIOS

CreKTp MOBEPXHOCTHBIX BOJH Ha TPaHMIIE Pa3fiena MeTall-IU3IEeKTPHUK.

DoToHHBIE KpUCTAILIBL. 30HHASI CTPYKTYpa OJJHOMEPHOTO (POTOHHOTO KPHUCTANIA, 3alpelieHHas 30Ha.
JHTEHCUBHOCTD IUIONBHOIO U3IIy4EHUs, CBSA3b C INIOTHOCTBIO cocTossHuil. ®akrop [lapcerna.
IlocranoBka 3aauu paccesiHUs, MHTErpanbHOe ypaBHeHue Jlunnmana-I1IBuHrepa, MaTpuia paccessHus.
CoOCTBeHHBIE MOJIBI I COOCTBEHHBIE YacTOTHL. CBOICTBAa MaTPHIIBI pacCesTHUSI Ha COOCTBEHHBIX 4acTOTaX.

Tpumepvr konmpobHbIX 3a0anuil 8 9-om cemecmpe:

1.

Berunciute Bektop [loiiaTrHra Y-nonsipusoBanHoi TE 9BaHECHEHTHON BOJHBI pacnpocTpansomnieiics Baoab X E(r) =
EyeikxXe™*2Z [Jokaxure, UTO Z-KOMIIOHEHTA IOTOKA SHEPIHH B TAKOil BONHE paBHa 0.

PaccmoTpuTre nuHEHHYI0 KOMOMHALHUIO IBYX 3BAaHECLEHTHBIX BOJH PACHPOCTPAHSIONIMXCSA BJONb X C OJHHAKOBBIM
BomHOBEIM umciiom: E;(r) = Eyetx¥e"2Z  E,(r) = EelPyetkxXe*t’zZ  E(r) = E;(r) + E,(r). Bsruucmure z-
KOMIOHEHTY BekTopa [ToHHTHHTa KaKk QyHKIHIO OTHOCUTENBHOH (a3sl ¢. UTo maHHBIN pe3yabTaT TOBOPUT O IepeHoce
SHEPrUU SBaHECIEHTHBIMHU BOJTHAMHU?

PaccmoTtpute pacnpocTpaHeHHe IUIOCKUX BOJH B M30TPOIHON cpefe, onuchiBaeMoil JIopeHIeBCKOM qUaNeKTpu4ecKon

wp

[POHULEAEMOCTBIO &(W) = &q, + o IMoctpoiite cnektp perennii miockux BoiH k = k (). Yto mpoucxoaur ¢

JIEHCTBUTEIEHON 1 MHIMOW 4acThIO BOTHOBOT'O BEKTOpPa BOIM3M pe30HAHCA CPeIbl?

UncneHHO HalauTe pelleHHe TOW jke MNpoOieMbl, HO B KOMIUIEKCHOH 4YaCTOTHOH IUIOCKOCTH, IIperoaras
neiictButenbHoe k. [Ipoananm3upyiiTe MOMYyYeHHBIA CIEKTP KOMIUICKCHBIX ®-pemeHnit w(k). Uro mpoucxomur co
CIIEKTPOM BOJIM3H PE30HAHCA CPEIbl?

PaccmoTpuTe oTpaxxeHHe IUIOCKON JIMHEIHO MOJISPU30BAHHON BOJHBI, MAJAMOIIEH U3 BO3AyXa Ha MeTall 0e3 MmoTephb

2
o Wp1
OIMCHIBAEMBIH MpoHHIIaeMocThio Jpyme (¢ = 1 —w—z;), C JNIEKTPUYECKHM IIOJEM, MOIAPU30BAHHBIM MO YIJIOM ¢

OTHOCHTETIPHO IUIOCKOCTH MajaeHHA. HaiimuTe cocTosiHWE MOJSIpU3alUdd OTPaKeHHOW BONHBI. COBET: pas3lIoKUTE
MaJA0IIYI0 BOJIHY Ha S- U P-TIOJISIPU30BAaHHBIE KOMIIOHEHTHI U PACCUNUTANTE KAXKJ0€ OTPAKEHHE KAXKI0M KOMIIOHEHTHI
OTAEIBHO.

Hcnonw3yst pasnoxenue bioxa craiinoHapHOTO PeLIeHHs BOJTHOBOTO YpaBHEHHsI B IBYMEPHOU MEPUOINIECKON CUCTEME

¢ nepuogamu A = (Ly, L), MOKaXXHUTE, 4TO IS YACTOT BBINIE W = CHCTEMa He TOAJCPKUBACT HACTOSIINX

2nc
max{Ly,Ly}
BOJIHOBOJHBIX JIOKAJIM30BAHHBIX pemeHHI?'I,
1 pr
ameg |r|3’

BBIYUCIIUTE I10JIE, CO3AaBaA€MOE€ TaKUM NUIIOJIEM, U MHTCHCUBHOCTDb U3JTYYCHHUA KBA3U-CTATUYCCKOTO AUIIOJIA, UCTIOJIb3Ysl

HCHOJIBCSY}I BBIPAXKCHUE [JIA KBa3HU-CTATUYECKOI'O IMOTCHIMAJIa TOYCYHOTO DJJIEKTPUUYCCKOIO IOUIIOJIA d) =

BBIP@KEHME JUIS UIOTHOCTH cocTostui Im[p* « E,q4(0)].

Iepeuenv konmpoawvuvix sonpocos 8 10-om cemecmpe:

Boo~NogarwNE

0.

TlocTpoenne Teopun CBI3aHHBIX MO VISl OJJHOMOIOBOTO PE30HATOPA C OJJHUM ITIOPTOM.

Pe3oHaHCH! TUAIEKTPHYECKOTO CIIOSI.

[Tornoturenu u nazepsl. OnyrcaHue MOTJIOTUTENS C TIOMOIIBIO TEOPUU CBSI3aHHBIX MOJI, PEKUM KPUTHUECKOM CBSI3U.
CBs13aHHbBIE COCTOSIHUSI BHYTPU KOHTHHYYMa.

Briposk/IeHHbIE TOUKH B CIIEKTPE HEAPMUTOBBIX cHCTEM. [Ipumep CTPYKTYp € BBIPOKICHHBIMA TOUKAMHU.

Paccesinue 1ocko#t BOJHBI KOMITAKTHBIM 00BeKTOM. CeueHHs pacCesiHusl.

KroakuHr u cyneppaccessHie KOMITaKTHBIM OOBEKTOM.

MeTon CBS3aHHBIX THUIIOJICH.

KupansHOCTE CBETa, CBSA3b CO CITUHOM.

KonBepcus nonspuszanuu mpyu B3anMOICHCTBUH CBETA C IUIAHAPHBIME EPUOAHICCKUME CTPYKTypamu. KoHKpeTHbIe
NPUMEPHI 3JIEMEHTAPHBIX SYEEK, MONAAAIOIINX B Pa3HbIE KJIACChl CHMMETPHH.

Tpumepvr konmpoavuwix 3a0anuil 8 10-om cemecmpe:

1.

[ToctpoiiTe QopManbHyl0 MaTpUIly paccesHusl UIsl CJIOsS BakKyyMa TONIIMHOW L B 0asuce IUIOCKMX BOJH
pacIpoCTpaHsIOIMIKUXCA 110 HOpMall K 3TOMY «CJIOI0 Bakyyma». Haiinure coOcTBeHHBIE uucia JaHHOW MaTpPHUIIbI
paccesiHus.

PaccmoTpuTe 0000IIEHHYIO OZHOMO/IOBYIO PE30HAHCHYIO ONTHYECKYIO CHCTEMY, CBSI3aHHYIO C €JMHCTBEHHBIM KaHAIOM
paccesiHHs, ¥ IOCTPOiTE (hazy (apryMeHT) KOMILUIEKCHOTO K03((QUIMEHTa pacCessHUS B KOMIUIEKCHOM TUIOCKOCTH 9acTOT.
B kakux o6raactsix rpaduka BUAHEI (a3oBbie rpaaueHTsl? Kakie Touky 00naiaroT TOMOJOTHUECKUM 3apsiaoM?



PaccmoTpuTe 0HOMOIOBYIO PE30HAHCHYIO CTPYKTYpY ¢ AuccHnanuei y_ (n-rad), CHMMETPUYHO CBSI3aHHOH C JBYMS
KaHaJIaMH paccesHus (MOISIMPYIONIYIO, HAIIPHMEp, TUIEKTPHUESCKUH CII0H B CHMMETPHYHOM OKpYkeHnH). Mcnomns3ys
TEOPHIO CBSI3aHHBIX MOJ VIS 3TOH CTPYKTYPBI, paccuuTaiTe KO3 GUIMEHT NOTIOMIEHNS P BO30YKICHUH CHCTEMBI U3
onxHoro KaHana. Haiinmure ycioBue MakCHManbHOTO HorjiomeHus. KakoBo 3HaueHHEe ATOH MaKCHMAaNbHOI CKOPOCTH
TOTJIOIEHUS ?

Teneps pazpermmTe Bo30YXICHNE CHCTEMBI U3 MPEABIAYIIETO YIIPAXKHEHHS ITOCPEACTBOM O00OMX KaHAJIOB PacCEsHUS.
KakoB IIpu 3T0M MaKCHMAIILHO BO3MOKHBII YpOBeHb HorIomenua? Kakoii BeKTOp najatomiero nojs s peamusyer 51o
MaKCHMaJIbHOE MOTJIoLIeHne?

PaccMoTpuTe KOMITAaKTHYIO PE30HAHCHYIO JBYXMOJOBYIO CHCTEMY 0€3 IOTeph C COOCTBEHHBIMH MOJAMH W, — iYq U
W, — iy, TIE Y; - CKOPOCTH UYHCTO pajualoHHOrO pacmana. IlpenmonoxunTe, 9To 00€ MOABI NMPEHMYIIECTBEHHO
CBA3aHBl C OJHUM M TEM K€ KaHAJIOM paccesHHs (HEKOTOpas MyJbTHIIONbHAs TapMOHMKa). VICIONB3ys TEOpHIO
CBSI3aHHBIX MOJ IUIsI KOMITAKTHOTO PAacCEWBaTeNs, PACCUMTalHTe CCUCHHE paccesHHs 00BbEeKTa M IPOJIEMOHCTPUPYHTE
a¢dekr HeBuaumoctu. Coxpansiercs u 3GPEKT Mpu HATHYUK TUCCHITALUH B 00beKTe?

IIpumeps! 3x3amMeHaIMOHHBIX Om1eToB B 10-0M cemecTpe:

Buner 1.
1.
2.

Buner 2.
1.
2.

TlocTpoenune Teopun CBA3aHHBIX MOJ JUIS OAHOMOOBOTO PE30HATOPA C OIHUM TTOPTOM.

PaccmoTpuTe 0MHOMOMOBYIO PE30HAHCHYIO CTPYKTYpY € AUCCHNaiuer y_ (n-rad), CAMMETPHUYHO CBSI3aHHOH C ABYMs
KaHaJIaMH paccessHus! (MOISIUPYIONIYIO, HAlIPUMEp, THAIEKTPHYESCKHUH CIIOH B CHMMETPUYHOM OKpYKeHUH). Mcnons3ys
TEOPUIO CBSI3aHHBIX MOJ JUISL 3TOH CTPYKTYpHI, pacCUUTaiTe KO3 (GUIHEHT MOTJIOMIEHHS IPU BO30YKICHUH CUCTEMBI 13
0o/IHOTO KaHaia. Haliaure ycnoBue MakcUMalbHOTO morjiouieHus. KakoBo 3HaueHue 3TON MaKCHUMaJbHON CKOPOCTH
HOIJIOLIEHUs ?

Pe3oHaHCH! JUANIEKTPUIECKOTO CIIOS.

Iloctpoiite QopmanpHyl0 MaTpuIly paccesHHA I CI0sS BakyyMa TONIIUHON L B 0a3uce IUIOCKUX BOJH
PacIpOCTPAHSIONIMXCS [0 HOPMAalIH K 3TOMY «CIOI0 Bakyymay. HalinnTe coOCTBeHHBIC UMCIIa JAHHOW MaTPHII
paccesHHs.



