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1 Theoretical aspects

1.1 Basics

1.1.1  Maxwell-Equations

1.1.2  Electromagnetic waves

1.1.3  Fresnel-Kirchhoff diffraction integral
1.1.4  Boundary conditions at a surface
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AT Maxwell's Equations

In vacuum, with sources p and j, the Microscopic Maxwell Equations say

divD = p E electric field [E] =
~ - 5o B electric -
cwll B o= 7'(7 f‘ coE electric flux density D]
= ot H magnetic field H] =
divB = 0 5 B = ol magnetic flux density [B] =
. N .
curlH = j+ =D
at

In isotropic, linear media following relations hold:

D = ©E+P = £:E P =coxeE polarisation P =
B = ;J”(ﬁ i '\7) = Jippt i M =y, H magnetisation M] =
An equivalent set of equations as for the microscopic ME is valid, however, now only
for fields averaged over a small but finite volume (Macroscopic Maxwell Equations).

Contributions to p and j are divided in ,free“ and ,bound* or ,external“ and ,internal“:

P = Prree T Pbound

J = Jext ‘)( (almost) never

significant in optics

I

B> EJF;
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AT Polarisation (dielectric material)
U
(D)
2 The entire information of the
P B optical properties of a material is
= contained in the polarisation
i — 5 P. However, usually other
NN . quantities are used which are
+ closely related to the polarisation:
] -—+
+ 0N, ...
B e B —_—
+
- >+
DEIEDEREIDD

Pree Pind

iveoE = Piree + Pind
divP = —Pind

Averaged
field!
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AIT  Important Quantities and Relations

Lorentz force: F=gq (E+#xB)

Continuity equation: divj+p = 0

Energy density: w= 3 (D E+B- H)

Energy flux density: & — E x H  with Intensity 1 = (S),

Ohm's law: J = a(fE with conductivity o
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AIT Energy Density and Poynting-Vector

ﬁ':*(f) F,«ﬁ—ﬁ)

Temporal change of w = inflow or outflow + transformation:

dw 1 /52 = = =2 . Lo
— = = I)-.':'+1)-1£+B-H+b"H)
at 2 (
in vacuum 5”’_: ’_: + ,‘[“ﬁ I:[
= E(VxH-j)-H(VxE) div@xi) - (¥«
= —div (F'xﬁ]—? E
thus
dw i v = W
= —divS—j-F o [8l==
o J P Bl=2
radiation transformation to heat (Ohm's law)

b(V x a@)
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IT

Wave Equations

Maxwell‘s equations (p = 0; j = 0)

curlE = —% curl
e
o d = a
curl H = (
ot Hopt T \ Jint
= 9 - : s
curl curl £ 4 ;m_(—,- = {0 D o€ F
X ot
STt — dliv sra
A
analogue: .
= 1 8 = = 127
AE— 5 —SE=1(0 )
(e 2 o2
L Speed of light i
o = 8 eed of light in vacuum
(] ot P 2
with E = %J : Speed of light in matter
n o= Ept ; Index of refraction
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