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1 Title

Topics in computational electromagnetics / Èçáðàííûå ãëàâû âû÷èñëèòåëüíîé ýëåêòðîäèíàìèêè

2 Lector

PhD Alexey A. Shcherbakov / ê.ô.-ì.í. Àëåêñåé Àëåêñàíäðîâè÷ Ùåðáàêîâ

3 Master program and semester

Nanophotonics and metamaterials / Íàíîôîòîíèêà è ìåòàìàòåðèàëû

4 Abstract

The course focuses on Computational Electromagnetics numerical methods (volume integral equation in the coordi-
nate and in the reciprocal space) being alternative to the Finite Element and Finite Di�erence methods, which are
widely used in commercial software packages. The methods appear to be superior to the named ones and can provide
an additional physical insight into sertain classes of problems in nanophotonics. Students will be given theoretical
lectures, and will be o�ered several projects, which include both coding and analysis of physical phenomena.

Êóðñ ïîñâÿùåí íåêîòîðûì ìåòîäàì âû÷èñëèòåëüíîé ýëåêòðîíàìèêè (îáúåìíûå èíòåãðàëüíûå óðàâíåíèÿ
â êîîðäèíàòíîì è ñîïðÿæåííîì ïðîñòðàíñòâàõ), ÿâëÿþùèìèñÿ àëüòåíàòèâàìè ìåòîäàì êîíå÷íûõ ýëåìåíòîâ

è êîíå÷íûõ ðàçíîñòåé, êîòîðûå øèðîêî èñïîëüçóþòñÿ â êîììåð÷åñêèõ ïàêåòàõ. Ðàññìàòðèâàåìûå ìåòîäû äëÿ

îïðåäåëåííîãî êëàññà çàäà÷ îêàçûâàþòñÿ ïðåäïî÷òèòåëüíûìè è ïîçâîëÿþò ãëóáæå ïðîàíàëèçâàòü ôèçè÷åñêèå

ñâîéñòâà èçó÷àåìûõ íàíîôîòîííûõ ñèñòåì. Ïðåäïîëàãàþòñÿ, ÷òî ñòóäåíòû ïðîñëóøàþò òåîðåòè÷åñêèå ëåêöèè
è âûïîëíÿò ðÿä ïðîåêòîâ, âêëþ÷àþùèõ â ñåáÿ êàê çàäà÷è íà ïðîãðàììèðîâàíèå, òàê è íà èññëåäîâàíèé

ôèçè÷åñêèõ ÿâëåíèé.

5 Prerequisites

General physics, quantum mechanics, electrodynamics, numerical analysis, mathematical physics, complex variable
function theory / îáùàÿ ôèçèêà, êâàíòîâàÿ ìåõàíèêà, ýëåòðîäèíàìèêà, ÷èñëåííûå ìåòîäû, ìàòåìàòè÷åñêàÿ
ôèçèêà, òåîðèÿ ôóíêöèé êîìïëåêñíîãî ïåðåìåííîãî
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6 Lecture topics

# Topic Hours

1

Discrete Dipole Approximation (DDA). Coupled
dipoles. Projections methods for linear algebraic
equation systems. Fast Fourier Transform.
Ïðèáëèæåíèå äèñêðåòíûõ äèïîëåé. Ñâÿçàííûå
äèïîëè. Ïðîåêöèîííûå ìåòîäû. Áûñòðîå
ïðåîáðàçîâàíèå Ôóðüå.

2

2

Scattering matrices. Analytical properties of
scattering matrices. 1D, 2D and 3D examples.
Scattering matrices of resonant structures.
Ìàòðèöû ðàññåÿíèÿ è èõ àíàëèòè÷åñêèå

ñâîéñòâà. Ïðèìåðû. Ðåçîíàíñíûå ñòðóêòóðû.

3

Eigenvalues problems. Fourier space methods for
analysis of photonic crystals.
Çàäà÷è íà ñîáñòâåííûå çíà÷åíèÿ. Ôóðüå-ìåòîäû
àíàëèçà ôîòîííûõ êðèñòàëëîâ.

4

4

VIE method in the reciprocal space. Periodic
structures � gratings and photonic crystal slabs.
Fourier methods. Fourier Modal Method.
Analytical solutions for thin grating slices.
Ìåòîä îáúåìíûõ èíòåãðàëüíûõ óðàâíåíèé â

ñîïðÿæåííîì ïðîñòðàíñòâå. Ôóðüå-ìîäàëüíûé
ìåòîä. Àíàëèòè÷åñêèå ðåøåíèÿ äëÿ ðåøåòîê.

4

5

Poles of scattering matrices and resonances.
Calculation of zeros and poles. Analysis of resonant
behavior of periodic structures.
Ïîëþñà è ðåçîíàíñû. Âû÷èñëåíèå íóëåé è
ïîëþñîâ. Àíàëèç ðåçîíàíñíûõ ñâîéñòâ
ïåðèîäè÷åñêèõ ñòðóêòóð.

4

6

True Modal Methods (TMM). Rytov solutions.
Modal basis. Quasinormal modes. Resonant
decomposition.
Ìåòîäû ñîáñòâåííûõ ìîä â êîîðäèíàòíîì

ïðîñòðàíñòâå. Ìîäàëüíûé áàçèñ.
Êâàçèíîðìàëüíûå ìîäû. Ðåçîíàíñíîå
ðàçëîæåíèå.

4

7
Discussion of projects
Îáñóæäåíèå ïðîåêòîâ

2

7 Course projects

Students will be split into groups of 2-3 persons, each group will be given a separate project. Within each project
students shall write a code, make computations, and analyze both numerical solutions and physical e�ects. Codes
can be written in any language, usage of third-party libraries should be discussed separately. The projects shall
be presented and discussed by whole group in the last class of the course. Students are expected to answer all
the subtasks, which will be given in project descriptions, to be ready to give explanations to their codes, and to
demonstrate understanding of the methods and e�ects they use and analyze. Each project will be accompanied
with a detailed description. Project topics are:

1. E�ective properties of multilayer structures and photonic crystal slabs. Comparison of rigorous numerical and
approximate analytical solutions.
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2. Resonant dielectric gratings simulated by the FMM. Simulation of the bound states in the continuum. Cal-
culation of resonances.

3. Resonant metallic gratings simulated by the FMM. Simulation of the enhanced transmission e�ect.

4. Scattering properties of nanoparticles. Benchmarking of the DDA versus the Mie theory. Applicability of the
dipole approximation.

5. Band structures of 2D photonic crystals. KKR versus plane wave decomposition methods.

6. TMM for 1D photonic crystal slab. Pole and zero trajectories in complex plane. Perfect absorbers.

Äëÿ âûïîëíåíèÿ ïðîåêòîâ ñòóäåíòû áóäóò ðàçáèòû íà ìàëûå ãðóïïû ïî 2-3 ÷åëîâåêà, è êàæäàÿ ãðóïïà áóäåò
âûïîëíÿòü ñâîé ïðîåêò. Â ðàìêàõ êàæäîãî ïðîåêòà ñòóäåíòû äîëæíû íàïèñàòü êîä, âûïîëíèòü ñ åãî ïîìîùüþ
âû÷èñëåíèÿ, è ïðîâåñòè àíàëèç êàê ÷èñëåííûõ ðåøåíèé, òàê è ïðåäëàãàåìûõ ôèçè÷åñêèõ ÿâëåíèé. Êîä

ìîæåò áûòü íàïèñàí íà ëþáîì ÿçûêå, èñïîëüçîâàíèå ñòîðîííèõ áèáèëèîòåê äîëæíî îáñóæäàòüñÿ îòäåëüíî.
Íà ïîñëåäíåì çàíÿòèè êàæäàÿ ãðóïïà äîëæíà ïðåäñòàâèòü ïðåçåíòàöèþ ïî ñâîåìó ïðîåêòó äëÿ îáñóæäåíèÿ

âñåé ãðóïïîé. Ñòóäåíòû äîëæíû áóäóò îòâåòèòü íà âîïðîñû, êîòîðûå áóäóò äàíû â îïèñàíèè ïðîåêòîâ,
äîëæíû áûòü ãîòîâû ïîÿñíèòü ñâîé êîä, à òàêæå ïðîäåìîíñòðèðîâàòü ïîíèìàíèå èñïîëüçóåìûõ ìåòîäîâ.
Òåìû ïðîåêòîâ:

1. Ýôôåêòèâíûå ñâîéñòâà ìíîãîñëîéíûõ ñòðóêòóð è ñðåçîâ îäíîìåðíûõ ôîòîííûõ êðèñòàëëîâ. Ñðàâíåíèå
ñòðîãèõ ðåøåíèé ñ ïðèáëèæåííûìè.

2. Ìîäåëèðîâàíèå ðåçîíàíñíûõ äèýëåêòðè÷åñêèõ ðåøåòîê ñ ïîìîùüþÔóðüå-ìîäàëüíîãî ìåòîäà. Ñâÿçàííûå
ñîñòîÿíèÿ â êîíòèíóóìå.

3. Ìîäåëèðîâàíèå ðåçîíàíñíûõ ìåòàëëè÷åñêèõ ðåøåòîê ñ ïîìîùüþ Ôóðüå-ìîäàëüíîãî ìåòîäà. Ýôôåêò

óñèëåííîãî ïðîïóñêàíèÿ.

4. Ðàññåÿíèå íà íàíî÷àñòèöàõ. Ñðàâíåíèå DDA è òåîðèè Ìè. Ïðèìåíèìîñòü äèïîëüíîãî ïðèáëèæåíèÿ.
Ñïåêòðû.

5. Çîííàÿ ñòðóêòóðà äâóìåðíûõ ôîòîííûõ êðèñòàëëîâ.

6. Ìåòîä èñòèííûõ ìîä. Òðàåêòîðèè ïîëþñîâ è íóëåé. Èäåàëüíûé ïîãëîòèòåëü.

8 Grading policy

• 70% course projects

• 30% �nal exam (theoretical questions)

Course projects: student can describe a code (20%), students answered the questions on their project (30%),
students prepared and made a presentation (20%)

• 70% ïðîåêòû

• 30% ýêçàìåí (òåîðåòè÷åñêèå âîïðîñû)

Îöåíêà ïî ïðîåêòàì ñêëàäûâàåòñÿ èç: ñòóäåíò ìîæåò äàòü äåòàëüíûå ïîÿñíåíèÿ ê êîäó (20%), ñòóäåíòû
îòâåòèëè íà âîïðîñû ïî ñâîåìó ïðîåêòó (30%), ñòóäåíòû ïîäãîòîâèëè è ñäåëàëè ïðåçåíòàöèþ (20%)

9 Grading

• > 90 � �excellent�

• > 70 � �good�

• > 50 � �satisfactory�

• ≤ 50 � �unsatisfactory�
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