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Artificial materials — analytical methods in complex media

Syllabus
Week Topic Comm

1. Introduction and motivation. Maxwell’s equations in media. Constitutive Jackson,
relations. Anisotropy, Bi-isotropy, Bi-Anisotropy. LL

2. Temporal dispersion. Analytic properties of the electric and magnetic Jackson,
susceptibilities. Energy in dispersive medium. Kramers-Kroning relations. LL
Spatial dispersion.

3. Plane waves in Bi-anisotropic media. Example: waves in magnetoplasma Ishimaru
(anisotropic and dispersive) — the “Whisler Mode”. Plane waves that
propagate parallel to DC magnetic bias field. Lorentz reciprocity theorem.

4, Modelling of thin layers and sheets. Introduction. The concept of “locally Tretyakov
guasi-static”. Vector transmission line equations. Derivation of impedance
condition for thin layers. Example: partially filled waveguide.

5. Modelling of interfaces between media. High order impedance models. Tretyakov
Models for good conductors. Exact surface impedance operator, and
approximations.

6-7. Modelling of periodic strictures, arrays, and meshes. Floquet theorem, Tretyakov
harmonics. Comparison to atomic crystals in natural materials. Example: array
of parallel current lines. Averaged boundary conditions. Wire grids —
generalizations. Dense array of particles. The notion of local field, energy
conservation, and the imaginary part of the interaction constant.

8-9. Polarizability as a building block. Calculation through exact Mie theory for Ishimaru,
dielectric sphere, comparison to a quasi-static solution including radiation Novotny,
correction. Polarizability in inhomogeneous media. Example: dielectric sphere Born &
above perfect electric conductor. Characteristics of electric and magnetic Wolf
polarizability. Scattering, absorption, and extinction cross sections and
connection to polarizability of small inclusions.

10. Composite materials. The Maxwell Garnett model. Local and averaged fields. Tretyakov
Clausius-Mossotti and Maxwell Garnett formulations. Scattering loss.

11. Periodic composite materials. Transmission line with periodic loading. Tretyakov
Dispersion, effective parameters. Example in wire media. Temporal and spatial | , Pozar
.dispersion, reflection coefficient from half-space. Special case: dense array.

12. Composite materials. Quasi-static modelling. Example: wire media with wires | Tretyakov
that are not perfect conductors but are loaded reactively, or nonlinearly.

13. Parametric media with temporal modulation. Magnet-less non-reciprocity. Louisell

Temporal coupled mode theory. Conclusions.




