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Topics of Interest

Layered systems and optical coatings: In detall
Birefringence and polarization optics: In detail
Dispersion and pulse propagation: yes
Electro- and magneto-optics: yes
Nonlinear optics: basics
Waveguides and fibers: basics
Inhomogeneous media: basics
Coherence: marginal

Diffraction, gaussian beams: no
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Notation conventions

X
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curl E=srot E=0OxE =0UE
div E =0[E




Maxwell Equations
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Wave equation




Maxwell Equations

OOE + %? =0 Faraday (induction) E, -E, =
D . Ampere (induction) H, —Hy, =],
S - D,,-D;, =0
01 Coulomb (electric charges) 2n - ln
No magnetic charges
OB =0
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Discontinuity at the interface
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Time-resolved reflectivity
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e Pump pulse:
high density of free carriers
(non-equilibrium state)

* Probe pulse:




Properties of the permittivity

o dispersive [€ = €(w)] — not dispersive (€ does not depend on w)

e absorbing (€ is complex) — not absorbing or transparent (€ is real)

* inhomogeneous [€ = &(r)] — homogeneous (€ does not depend on r)
* anisotropic (€ Is a second rank tensor) — isotropic (€ Is a scalar)
 nonlinear [ = €(E,H)] — linear (¢ does not depend on the fields)




Spectral decomposition

Real notation:
« Monochromatic wave a(f)= 4 cos(wr +a)=Re] 4}  with 4=|4e®

* Polychromatic wave  a(r)= Y |4/cos(eyt +a,)
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Calculation of the field products

» If only mean values are needed (energy density and flow):

lale)p(t)) = ;}A cos(wr +a ) B|cos(oor +B) = ; 4B cos(a—p)

in complex notation: (a(t)a()) =;Re{ABE}.




Maxwell equations for the
spectral components

Introduction of the generalized permittivity:

OOE =—-iwB
UOH = j+iwD Total current (free + polarization charges):
OD =p .
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Conservation of energy

All conservation laws have the general form:

op
FiOg=pP
o o1

Work of the field per unit of time exerted on the charges (Lorentz force):

g(E+vOB)W =¢v[E - j[E




Conservation of energy: continued

E[%)H—mag + OEOH) = -jE <> aa(;+DES:—jEE

Linear non-dispersive (and non-absorbing) media:
U=1(ED+H B)

Absorbing medium: for a monochromatic wave the energy change
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