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In addition to reviewing and expanding the basic knowledge of electrodynamics learned
at the undergraduate level, this course will focus on learning the following subjects: the
expression form of electromagnetic field energy in a dispersive and lossy dielectric system;
application of electromagnetic field momentum in designing optical tweezers and cold
PR A atom quasi-lattice systems; random phase approximate in solution of plasma systems;
(English) magnetohydrodynamic waves; causality and Kramers-Kronig relationship; vector spherical
Course wave eigen-solutions of electromagnetic field; multipole moment expansion
Description representation of electromagnetic radiation and scattered light; Thomas precession and
spin-orbital angular momentum coupling; the motion of charged particles in a uniform
electromagnetic field; Cherenkov radiation; transition radiation; and the Lagrangian and
Hamiltonian equations of the motion of general continuous systems (including
electromagnetic fields).
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Week Content Hours Format Instructor
Chapter 1: Review of the Maxwell
Equations
1-1 Maxwell’s equations
R E S 1-2 Vector and scalar potentials, gauge
Schedules transformations
1 1-3 Green’s functions, and retarded 4 lecture Fhvals

wave solutions

1-4 Poynting’s theorem and
conservation of energy and
momentum for a system of charged
particles and electromagnetic fields
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1-5 Application: optical tweezer and
guasi-crystal with cold atoms
1-6 Poynting’s theorem in linear
dispersive media with losses
1-7 Transformations of electromagnetic

fields under rotations, inversion and lecture FINEL
time-reversal

1-8 Application:  magneto-electric

effect, quantum mechanical time-

reversal and its application in

valleytronics

Chapter 2: Wave Propagation

2-1 Plane electromagnetic waves in

non-conducting media

2-2 Linear and circular polarization of

plane waves lecture Fhal
2-3 Electromagnetic  waves in

conductors and media with losses

2-4 Frequency  dispersions  of

dielectrics, conductors and plasmas

2-5 Random phase approximation

2-6 Magnetohydrodynamic waves

2-7 Superposition of waves in one lecture Fhal
dimension, group velocity

2-8 Superluminality

2-9 Causality in the connection

between D(r, t) and E(r, t), Kramers-

Kronig relation

2-10 Propagation of electromagnetic lecture il
waves near the surface of and within a

conductor

Chapter 3: Radiating Systems

3-1 Fields and radiation of a localized

oscillating source

3-2 Spherical wave expansion of the

Green’s function for the Helmhotz’s lecture 5L
equation

3-3 Multipole expansion of

electromagnetic fields in the source-

free region of vacuum space

Chapter 4: Light Scattering and

Diffraction

4-1 Light scattering at long wavelengths lecture #vil
4-2 Perturbation theory of scattering

4-3 Density fluctuation and critical

opalescence

4-4 Light scattering at intermediate lecture #vil
wavelength by a sphere

Chapter 5: Special Theory of Relativity

5-1 Lorentz transformations, 4D-

velocity, and addition of velocities lecture ML

5-2 Relativistic momentum and energy
of a particle
5-3 Lorentz transformation matrixes
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5-4 Invariance of electric charge,
covariance of electrodynamics
5-5 Transformation of electromagnetic

10 | fields lecture PN5L
5-6 Application: relativistic Doppler
shift, Thomas precession and spin-
orbital angular momentum interaction
Chapter 6: Dynamics of Relativistic
Particles and Electromagnetic Fields
11 6-1 The eIeFtromagnetlc force on a lecture ML
charged particle
6-2 Motion in a uniform, static
magnetic field
6-3 Motion in arbitrary combined
uniform, static electric and magnetic
fields
12 6-4 Lagrangian and Hamiltonian for a lecture il
relativistic  charged  particle in
electromagnetic field
Chapter 7: Radiation by Moving
Charges
7-1 Lienard-Wiechert potentials and
fields for a point charge
13 7-2' Angular distribution of radiation lecture FhiL,
emitted by an accelerated charge
7-3 Application: Synchrotron radiation
facility and free electron lasers
7-4 Frequency distribution of energy
radiated by an accelerated charge
7-5 Cherenkov radiation
7-6 Transition radiation
14 | 7-7 Appendix: The Maxwell equations lecture N
in @ medium and transformation of ¢
and u
Chapter 8: Lagrangian Mechanics for
Continuous Systems
8-1 From a discrete system to a
continuous one
15 8-2 . Lagrangian formulation for lecture ML
continuous systems
8-3  Conservation  theorems  of
continuous systems
8-4 Hamiltonian formulation for
continuous systems
8-5 Lagrangian and Hamiltonian
formulation for electromagnetic fields
8-6 Canonical and symmetric stress
16 tensor of electromagnetic fields lecture ML

8-7 Examples of  Hamiltonian
formulation for quantum mechanical
systems: Klein-Gordon and Schrodinger
(or Dirac) equations
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Textﬁ)ths & (1) J.D. Jackson (U.C. Berkeley), Classical Electrodynamics (1999, 3rd edition);
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