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Outline:

* Boundary conditions for electromagnetic field at the interfaces between two media.
Metal/dielectric interface. Snell’s law, Fresnel coefficients. Brewster angle, total reflection,
Goos-Hénchen shift.

* Metallic waveguides. Waves guided between two parallel plates. Metallic cylindrical
waveguides of a general cross-section. Hertz vectors, TE and TM modes. Critical frequency,
propagating and evanescent modes. Lorenz-Lorentz reciprocity theorem, mode orthogonality.
Rectangular and circular waveguides. Two-conductor waveguides, TEM mode. Coaxial cable as
a waveguide. Consequences of the finite conductivity of metal walls, waveguide loss.

+ Waveguide as a transmission line. Characteristic impedance/admittance. Fundamentals of the
theory of microwave circuits. Linear N-port, impedance, admittance and scattering matrix.
Reciprocal devices, their general properties.

» Cavity resonators. Spectrum of eigenmodes, eigenfrequencies. Rectangular, cylindrical and
spherical resonators. Loss due to finite conductivity of walls, quality factor, complex resonant
frequency.

* Fresnel diffraction and parabolic equation, Gaussian beam, higher-order (Gauss-Hermite and
Gauss-Laguerre) beams. ABCD matrix of an optical element. Transformation of Gaussian beams
by optical elements. Open resonators, stability diagram, modes and eigenfrequencies of stable
open resonators. Unstable resonators.

* Fundamentals of dielectric waveguides. Planar waveguide, TE and TM modes and their
properties. Ray-optic theory of multimode waveguides, concept of phase space, acceptance,
guided and leaky modes.

* Fundamentals of electromagnetic theory of optical fibers. LP approximation, rigorous approach
and hybrid modes, dispersion equation. Propagation constants and classification of modes.

» Dispersion of optical multimode and single mode waveguides. (Inter)modal dispersion,
chromatic dispersion, material and waveguide dispersion, transmission bandwidth. Dispersion
management.

+ Kerr nonlinearity in fibers, dispersion compensation. Nonlinear Schrédinger equation, soliton
propagation.

» Wave propagation in periodic media, Floquet-Bloch modes. Origin of photonic band gap in
photonic crystals. Microstructure optical fibers.

* Metal/dielectric interface; surface plasmon (-polariton) as a wave guided by a single interface.
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