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Maxwell's equations In vaccuum

V- E=— * Charges are sources of the electric field
€
V -B =0 * The magnetic field as no sources (no monopoles)
0B _ - -
V X E = — a_ * Time-dependent magnetic fields generate electric fields
t
. OE
V X B = Ho€o g + ]/‘Qj/  Time-dependent electric fields and currents generate magnetic fields

\

As
Vacuum permeability g =4m-107" — Vacuum permittivity €9 = 8.854... - 10_12V—
m



Light as a wave

V-E=0 VxE:—aa—B
Maxwell‘s equations taE |
V-B=0 VXB:}[()GO& C:\/m
Vx(VXE)=V X 9B ——E(VXB)—— BZ—E——laZ—E
- ot ) — ot T T T2
2
Vx(VxE)=V(V-E)—-AE V-E=0 la_E_AE:()
| ¢t at?
Wave equation

CE(rt) =

E, ¢ilwt—kr) ]

Light as an @leoJrrovmm@Jric Wave



Light as a wave

Maxwell‘s equations taE 1
V v X ’/[060 at v/ HO€0

oE J 0°B
V x (V x B) = poegV X 5 = ﬂoeoa(v x E) = ~Ho€0 57

V x (VxB)=V(V-B)—AB = —AB 1B \p
c? ot?

wave eduation

B(T, t) — BO ei(wt—k.r) ]

Light as an electromaguetic wave
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Dispersion relation
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Clzaan — AB =0 B(r,t) = Bye'(w! k) [(ZZ‘? — (—ik)?| Boe'™ =) = 0
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w
—— +k*=0
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[ w = +ck ] Dispersion relatiov




Wave packets

4 I

E(r,t) = Ege' @ =k7) | w = Fck |

YT Dispersion relation
B(r,t) = Bye'lw k")

- J

Light as an electromaguetic wave

* All wave vectors k are allowed

Fourier transform
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Orientation of k, B & E

[ E = Eoei(k-r—wt) B — Boei(k-r—wt) ]

B

V- -E=0 V X E = —=
i(Eg - k)e'kr=wt) = 0 i(k x Eg)elkT=wh — jiyByeitkr—wh)

k 0,
Ey Lk K E,— B,
Sivmilar k
V:-B=0 Bolk k1 ELBlEk
k 1 EylBylk




Orientation of k, B & E

[ E — Eoei(k-r—wt) B — Boei(k-r—wt) ]

klEL|lB.lEk
k L Eg L By lk
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Linear polarization

{k__EJ_BJ_k

[ E — Eoei(k-r—wt) B — Boei(k-r—wt) ]

k L Ep L By Lk

Ey = Er + 1E;

* Special case F, H E;

r

Re (E) = E, |cos(k - r — wt) — ? sin(k - r — wt)]

= E, cos(k - r — wt + 6)




Elliptical polarization

Kk ELBLEk
k L Ey LBy Lk

[ E = Eoei(k"‘_Wf) B — Boei(k-r—wt) ] {

Eo = Eg +1E; X
* Specialcase E, | E;
k
Ex = E;cos(k-r— wt) E, || x
E, = E;sin(k - r — wt) E;
P

i |

(2 - ittt on {(g)n(g)%}

Ellipse equation




Circular polarization

k|l ELlLB.lEk
k L Ep L By Lk

[ E = Eoei(k"‘_Wt) B — Boei(k-r—wt) ] {

Ey = Er + 1E;




