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Physics and Engineering Department of ITMO University

1.HasBaHue: Knaccmueckaa 3NeKTpoaAMHAMMKA
Course title: Classical Electrodynamics

2. Nlektop: banowunH Kpuin AnekcaHaposud
Lecturer: Baloshin Yuri Alexandrovich

3. KpaTtKkasa aHHOTauuma:

Knaccnyeckas 3neKkTpoAMHaMMKa  SBAAETCA  O4HMM U3
BaXKHEMNLUNX Pa3genoB COBPEMEHHON GU3UKKU, B KOTOPOM
M3y4yaloTC CBOWCTBA 3/IEKTPOMArHUTHOrO MOASA W €ro B3aMMOLEWNCTBMA C  Pas3/INYHbIMU
BewectBaMmu. Kypc siBASETCA Haya/bHOM TeopeTudeckon 6asoit AN  pas/nyHbIX  33a4ad
pagnodm3MKM U ONTUKM W BKAOYAeT B cebs Heckonbko pa3genos: 1) YpaBHeHus

MakcBenna — 6a30Bble YpaBHEHUA  3NEKTPOAUHAMMKKM; 2) [paHuuHble 3a4aum
3NEeKTPOAMHAMUKK; 3) KaHanuszauma 3N1eKTPOMArHUTHOrO nonA (BONHOBOAbI, Pe30HATOpbI,
AHTEHHDbI B pagnodusmnke 7] ontuke; 4) HKnaccmnyeckaa Teopwus nU3ayyYeHun

(31eKTpOMarHUTHbIE NONSA INEKTPUYECKOTO U MArHUTHOrO Aunonen B G6ANMXKHEN U AasibHel
30HaX; WMCTOYHMK  [toireHca). B maTepmanax  pas3fenoB paccCMaTpMBAOTCA NpPUMeEpPbI
NPaKTUYECKUX 33[a4: MPOCBETAAIOWME W OTParkalowme NOKPbITUA, cpedbl C  NpeaesibHOM
aHU30TPONMEN, OTKPbITbIE PE30HATOPbI S1a3ePOB ONTUYECKME AHTEHHDI.

Annotation:

Classical Electrodynamics is one of the most important sections of modern physics, in which the
properties of the electromagnetic field and its interaction with various substances are studied.
The course is the initial theoretical base for various problems of radiophysics and optics and
includes several sections: 1) Maxwell equations are basic equations of electrodynamics; 2)
Boundary problems of electrodynamics; 3) Sewerage of an electromagnetic field (waveguides,
resonators, antennas in radio physics and optics 4) The classical theory of radiation
(electromagnetic fields of electric and magnetic dipoles in the near and far zones: Huygens
source). Examples of practical problems are considered: antireflection and reflection Suitable
coating medium with limiting anisotropy, open resonators laser optical antenna.

4. HazBaHue nporpammbl U cemectp: P13nKa noaynpoBogHUKoOB, 1-ii — 2-0ih cemecTp
Study program and semester: Physics of semiconductors, 1st — 2 nd semester

5. leTtanbHoe onucaHue Kypca ¢ pa3bueHmem no nekuymam/cemmHapam/npakTmkam:
1-biii Paspen — YpaBHeHusa MakKcBenna

1. YpaBHeHMs MakcBenna (MHTerpanbHaa u andodepeHumanbHas Gopmbl) B BaKyyme U B cpese nekums
2. BonHOBble ypaBHEHUS AN BEKTOPOB MOJSA U 3/1€KTPOMArHUTHbLIX NOTEHLUMAN0B nekums
3. BonHOBOE ypaBHeHWe A/A BEKTOPOB epla (3/IEKTPUYECKOr0 U MarHUTHOrO) nekums
4. KomnnekcHas ¢opma ypaBHEHWI 3NEKTPOSUHAMUKM nekums
5. MeTozbl peweHns (ToYHble U NPUBAUNKEHHbIE) YPaBHEHUI 3NEKTPOANHAMUKM npaKTuKa
6. MNOCKME 3N1EKTPOMATHUTHbIE BOJIHbI nekums
7. Monapusaumsa 1 KOrepeHTHOCTb 3/1IEKTPOMArHUTHBIX BOJIH nekums
8. DHepreTMYecKkMe COOTHOLIEHMS B daeKTpoauHamuke. Teopema Ymosa-NoiHTUHra nekums
9. PacnpocTpaHeHne 31eKTPOMAarHUTHbIX BOJIH B Pas/MUHbIX cpeaax nekums




10. Pe30HaHCHOE N Hepe3OHaHCHOe nornoleHua. PacceaHne. AHM3OTPOMHbIE cpeabl cemuHap
2-oii paspen — lpaHUYHbIE 334a4M INEKTPOAMHAMUKMU

1. MocTaHoBKa 3aAayun. [paHUYHbIE YCN0BUA ANA BEKTOPOB MNOANA neKkuma
2. ®opmynbl PpeHens B pagmodu3mKe U B ONTUKE nekuma
3. MHorocnoiHble («MPOCBETAAIOLWMEY U OTPaXKatoWwMe) NOKPbITUA nekumn
4. Pomb ®peHenda. Ctona CronetoBa. 3afaya «NPOCBETIEHUAY npaKkTUKa
5. MonHOEe BHYTpeHHee OTpayKeHWe. DBaHeCUEeHTHble Mons nekumn
6. HapylweHHoe nosHoe BHyTpeHHee oTparkeHwe. KaHanuposaHue 6auKHero nons nekumn
7. KaHanuposaHue 6/MKHEro nonsa B paanodusnKke U B ONTUKE ceEMUHap
3-uit pasgen — KaHanmsauma sNeKTPOMarHUTHOro nons

1. MpAMOYroNbHbIN U LMANHAPUYECKMIA BOSTHOBOADI neKkums
2. QnaneKkTpuyeckas nnacTMHa—BOJIHOBOA, MeJJ/IEHHbIX BOJIH neKkums
3. O6bémHble pe3oHaTopbl B paguodusmke nekuma
4. OTKpbITblE (ONTMYecKune) pesoHaTopbl (OP) nexkuma
5. lo6pOTHOCTb, OCHOBHbIE MOAbI U AMarpamma ycroiymsoctm OP ceMuHap
4-bi pasgen — Knaccuueckaa teopus M3nyyeHus

1. DnemeHTapHbIN aneKTpUYeckuii Bubpatop (Bubpatop lepua) neKkums
2. 9neMeHTapHbIN MarHWTHbIA BUBpaTop neKkuma
3. BAMKHEe, NPOMEXKYTOYHOE TMoje U nojie B JAa/JbHEel 30He 3/eKTPUYECKOTO W MarHWUTHOTO | JieKums
31eMeHTapHbIX BMO6paTOpPOB

4. UctouHuK ToireHca neKkums
5. AHTeHHbl. ONTUYECKNE aHTEeHHbI ceMmnHap
Detailed content and structure with sectioning of lectures/seminars:

1st Section — Maxwell Equations

1. Maxwell's equations (integral and differential forms) in vacuum and in environment lecture
2. Wave equations for field vectors and electromagnetic potentials lecture
3. Wave equation for Hertz vectors (electric and magnetic) lecture
4. The complex form of the equations of electrodynamics lecture
5. Methods for solving (exact and approximate) equations of electrodynamics practice
6. Flat electromagnetic waves lecture
7.Polarization and coherence of electromagnetic waves lecture
8. Energetic relations in electrodynamics. Umov-Poynting theorem lecture
9. Distribution of electromagnetic waves in various environments lecture
10. Resonance and nonresonance absorption. Scattering. Anisotropic media seminar
2nd Section — Boundary Problems of Electrodynamics

1. Formulation of the problem. Boundary conditions for field vectors lecture
2. Fresnel formulas in radio physics and optics lecture
3. Multi-layer (“antireflection” and reflective) coatings lecture
4. Fresnel’s diamond. Stoletov’s foot. The problem of "enlightenment" practice
5. Total internal reflection. Evanescent Fields lecture
6. Disrupted total internal reflection. Near-field channeling lecture
7. Near-field channeling in radiophysics and optics - seminar
3d Section — Electromagnetic channelling

1. Rectangular and cylindrical waveguides lecture
2. A dielectric plate — a waveguide for slow waves lecture
3. Volume resonators in radiophysics lecture
4. Open (optical) resonators (OR) lecture
5. Good quality, basic modes and OR stability diagram seminar
Section 4 — The Classic Theory of Radiation

1. Elementary electric vibrator (Hertz's vibrator) lecture




2. An elementary magnetic vibrator lecture

3. Closer, intermediate field and field in the far zone of the electric and magnetic elementary vibrators | lecture

4. Huygens source lecture

5. Antennas. Optical antennas seminar

6.PekomeHgoBaHHanA nutepatypa / Textbooks:

[1] J1.A. BaHWTENH. «DNEeKTpOMarHuTHble BO/IHbI». MocKkBa, Paano u cBsa3b,1966 (1988)
[2] K. IxeKcoH. «Knaccmyeckaa anektpoanHamunKka». Mockesa, Mup, 1965.
(Eng: Jackson J. Classical Electrodynamics. — New York: Wiley, 1998.)

[3] H.H. ®épopos. «OcHOBbI 31eKTPOgMHAMUKKM». MOCKBA, Bbiclwasa wkona, 1980.
[4] C.N. backakoB. «OcHOBbI an1eKTpognHammkm». Mocksa, CoseTckoe pagmo, 1973.
[5] M. bopH, 3. Bonbd. «OcHoBbl onTuKmM». Hayka, Mocksa, 1970.

[6] H.U. Kanutnesckuit. «BonHosas ontuka». Mocksa, Bbiclwana wkona,19

[7] B.B. BatbirnH, U.H. TonTbirnH. «COOpHMK 3aga4 no anekTpoanHamuke». Mocksa, HUL],
«PerynapHaa u xaotnyeckasa AuHamukar», 2002.

[8] . HoBoTHbI#, B. XexT. «OcHOBbI HaHoONTUKMY. MocKkBa, Puamatnut, 2011.

[9] B.A. 3BepeB. «Pagmoontmnka». Mocksa, CoBeTckoe paauo, 1975.

[10] A. AHro. «MaTemaTuKa gnd 3/1EKTPO U paguonHxKeHepos». Mocksa, Hayka, NnaBHas
penakuma eus.-mat. imTepatypbl, 1965.

[11] B.W. CmupHoB. «Kypc Boicwen Matematukmn», 1.2. MockBa, Hayka, lnhaBHaa peaakuma
¢u13.-maT. anTepatypbl,1974 (Thasa 4 «Teopua nonsay»).

[12]  A.H. TuxoHos, A.A. Camapckuit. «YpaBHEHUs maTemaTuyeckon ¢usnkm». MockBa,
lnaBHas peaakuua ¢us .mat. aMtepaTtypbl, 1953.

[13]  Klimov V. Nanoplasmonics. — Pan Stanford Publishing, 2014.

[14]  Balanis C. Antenna theory: analysis and design. — New York ; Brisbane : J. Wiley, 1982.

7. MpeaBapuTenbHO NPOiAEHHbIE Kypcbl, HeOb6XxoauMble ANA U3yYeHUA NnpeameTa:
Kypc Obuwein ®usunkum (pasaennbl Inektpuyectso n MarHetnam, Ontuka); Kypc Boicwen
MaTtemaTtuKku (pasaenbl BekTopHbI aHanus, Teopua nons, YpaBHEHUA C YaCTHbIMU
npousBogHbIMK MaTemaTmyeckon puUsmnKkn).

Course prerequisites:

Course of General Physics (sections Electricity and Magnetism, Optics); Higher Mathematics
course (sections Vector analysis, Field Theory, Partial Differential Equations of Mathematical
Physics).

8. Tun camocToATeNbHbIX 3a4aHUN:

1. [llpoboli 6030yxa (OuanekmpuKa) AA3ePHLIM U3/yYeHUEM:

PaccmoTpum ogHOMOAO0BbIM nasep, D - anepTypa nasepa, A - 4/IMHHA BOJIHbI €70 U3Ny4YeHus,
W - sHeprMa ogMHOYHOrO MMMyNbCa €ro M3NyyYeHus, a T - AIMTENbHOCTb 3TOrO0 MMMy/bCa.
M3nyyeHune aToro nasepa ¢oKycumpyetca TOHKoM 6e3abeppauOHHON NMH30M ¢ PoKycom F.
Bblpa3uTe HanpaXEHHOCTb 3/MEeKTpuMyeckoro nons B ¢GOKyce /MH3bI (BeKTOp YmoBa-
MOWMHTMHIA) Yepe3 3agaHHble napameTpbl. Mcnonb3ya Kputepuit npoboa Bo3gyxa E.. = 3 -
10° B/m gnf Npou3BONLHO BbIGPAHHbLIX NpenojasaTeseM AaHHbIX OLEHUTb BO3MOMHOCTb
npobosA NnasepHbIM U3Ny4YEHUEM BO3AyXa WM 3a4aHHOTO AMINEKTPUKA.




2. Bsaumodelicmesue rnockol 371eKmpoma2HUMHOU 80s1HbI C UOeasbHbIM Memassiom:
PaccmoTpum maeanbHblii metann (o — oo, [6] =0m/m), Ha KOTOpbIN BO3AEWCTBYET M/I0CKas
3/1eKTPOMArHMTHaA BOJIHA.

Onpeaenute: 1) pasosyto ckopocTb V), BOMHbI B 3TOM MeTanne; 2) OTHOWeHNe AJMH BOSH
Ametar/Adietectric; 3) TNYOUHY NPOHUKHOBEHWA d  3NEKTPOMArHUTHOIO MNOAA B  MeTann
(rnybuHy CcKunH-cnos).

3. WccnepoBaTb pacnpocTpaHeHUe 3/1eKTPOMarHUTHOW BOIHbI Yepes CNoM TONLWNHOM d,
MaTepuan KoToporo obnagaer  npepenbHol  ONTMYECKOW  aHu3oTponuen (oo, &,€) B
HanpasAeHWUM OCK X, NepneHAUKYNAPHON NOBEPXHOCTMU CNOS.

Assignments:

1. The breakdown of air (some dielectric) by laser radiation:

Consider single-mode laser, D is the aperture of the laser, A is the length of its radiation wave,
W is the energy of a single laser pulse, and 7 is the duration of this pulse. The radiation of this
laser is focused by a thin aberration-free lens with a focus F.

Express please the electric field strength at the focus of the lens (the Umov-Poynting vector) in
terms of the given parameters. Using the criterion of air breakdown E,,. = 3 -10° V/m for
arbitrarily selected data by the lecturer, assess the possibility of breakdown of air or a given
dielectric by this laser radiation.

2. The interaction of a plane electromagnetic wave with an ideal metal:
Consider perfect metal (o = oo, [o] = Q/m), which is affected by a flat electromagnetic wave.
Determine please: 1) the phase wave velocity V,, in this metal; 2) the ratio of wavelengths
Ametar/Adietectric; 3) penetration depth d electromagnetic fields in the metal (skin depth).

3. Investigate please the propagation of an electromagnetic wave through a layer of
thickness d, which material has a limiting optical anisotropy (oo, ¢, €) in the direction of the x

axis, perpendicular to the surface of the layer.

9. Kak oueHMBaeTca ycneBaemocTb Mo Kypcy:

MaKcumanbHoe Konundectso 6ani10B 3a Kypc 100
MakcMmanbHoe KonnyecTso 6annoB 3a peweHne 3a4au 20
MakcMmanbHoe Konnyectso 6annoB 3a BbICTYN/IeHME Ha ceMUHape-----15
MaKcumanbHoe Konunyectso 6an10B 3a NPaKTUYECKYo paboTy------------ 15

MaKcumanbHoe Konundectso 6an108 3a PUHANbHbBIN YCTHbIN 3K3aMeH---50

Grading policy:

Highest final grade for the course 100
Highest final grade for the problem solving 20
Highest final grade for the talk at the seminar 15
Highest final grade for the practicum 15

Highest final grade for the final oral exam 50



