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Structure of the course

1. Peculiarities of Maxwell's equations
IN the context of optics

2. Diffraction theory

3. Optics in anisotropic media
(a.k.a. Crystal optics)

4. Coherence optics



Suggested literature:

“Fundamentals of Photonics” by B. E. A. Saleh and M. C. Teich (excellent
overview over the basics)

“Principles of Optics” by E. Wolf (referential but sometimes too complete)
"Theoretical Optics: An Introduction” by H. Romer

"Classical Electrodynamics"” by J. D. Jackson

"Introduction to Fourier Optics" by J. W. Goodman (chapter on
diffraction)

"Introduction to the Theory of Coherence and Polarization of Light" by
E. Wolt (chapter on coherence properties of light)
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1. Review of Electromagnetism

1.1 Maxwell’s equations

1.1.1 Maxwell’s equations in optics

0B(r,t)

ot
oD(r, t)

ot

Maxwell: rotE(r,t) = div D(r,t) = pexe(r, t)

rot H(r, t) = jmakr (1, t) -

divB(r,t) =0

Constitutive relations:  D(r,t) = ¢, E(r,t) + P(r,t)

H(r,t) = 'ul[B(r, t) — M(r,t)]}

Impact of matter:

P(r,t) = flE(r,t)] and M(r, t) = f|B(r, t)]



Sources of electromagnetic radiation:

* free charge density pey (T, t)
* macroscopic current density: jumaker (5 t) = Jeond (1 t) + Jeony (1, £)
e conductive current density: jeonq(r, t) = fIE(r, t)]

e convective current density: jeony (I t) = Pext (T, t)V
Assumption: M(r, t) =0 pext(r» t)=0- iconv(r: t) =0 - jcond(rat) = j(l‘,t)

Maxwell in optics

JH(r,t
rotE(r,t) = —pu, ;t ) godiv E(r,t) = —div P(r, t)
oP(r,t JE(r,t
rot H(r,t) = j(r,t) + gt ) + &, gt ) div H(r,t) = 0

task in optics: given P(E) and J(E) — solve Maxwell consistent



1.1.2 Temporal dependencies of the fields

A) monochromatic, stationary fields
— fixed phase relation

— perfect coherence

— infinite wave train

E(r,t) = E(r, w,)e '@ot

B) polychromatic, non-stationary fields
* finite or an infinite number of different frequencies
* fully coherent

* Fourier decomposition
E(r,t) = ffooo E(r,w)e ! dw

E(r,w) = — [ E(r t)etdt

C) partially coherent or incoherent light

e only statements on statistical properties possible
e expressing their evolution
e |ater part of the lecture



1.1.3 Maxwell’s equations in frequency space
Fourier transforming the equations and herewith all quantities

Integration by parts

1 (oo d ; . 1 (o ] R
o dt | B )] et = —iw - [7) deE(r, D" = ~iwE(r, )

0 FT
oy =
rot E(r,w) = iou H(r, ) godiv E(r,w) = —div P(r, w)
rot H(r, w) = J(r,w) — iwP(r,w) — iwe,E(r, w) divH(r,w) =0
1.1.4 Wave equation
A) Time domain
trot E(r, £) = t(”)‘H(r, t) 0 '_( o+ oP(r,t) N OE(r,t)
rotrot E(r,t) = —porot——= —o _] I, Y &5,
1 0%E(r, t) dj(r, t) 0°P(r, t)
rotrot E(r,t) + 2 o “Ho o ~Ho T 55



div| ,E(r,t) + P(r,t)] = 0

magnetic field: OH(r, ) — irot E(r,t)
Jat Ho ,
B) Frequency domain
_ w* _ _
rot rot E(r, w) — — E(r,w) = iop)(r, w) + 0’y P(r, w)
Co

div|[ ,E(r,w) + P(r,w)] = 0

o _ i _
magnetic field: H(r,w) = rot E(r, w)
HoW

Non-stationary fields and linear media: E(r, t) = f_oooo E(r,w)e 't dw
9



