!'_ Propietats de la llum



“ Dualitat ona particula
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Einstein:

La intensitat (flux d’energia) i el moment de l'ona EM
son el resultat de la transmissio de fotons individuals

freqliencia f = v

E=hf=— 31-1

EINSTEIN’'S EQUATION FOR PHOTON ENERGY
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Ona harmonica monocromatica

Fotons d’una sola classe
E7 p? V? A? w? k

Pols de radiacio

“Paquet d'ones”
Fotons de diverses classes
Distribucié d’energies, moments, frequencies ...
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“ Els fotons de I'espectre EM

I B, C
hv h)\

THE ELECTROMAGNETIC SPECTRUM
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Light, the visible spectrum
violet indigo blue green yellow orange red
I I I I I I I I
Ty 750 675 B30 580 525 510 460 380

wae Lt 400 445 475 510 570 500 B50 780
| | | | | | | |
photan 3.1 28 s 2.4 LR 2.1 1.4 1.6
enErgy
e | | | | | | | |

#In terahertz (THz); 1 THz = 1 ®x 1012 eyeles per second.
## In nanometres [nrd; Tnm =1 % 103 metre,
2 2006 Encyclopaedia Britannica, Inc. #%%n electron walts (eV).
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Espectres (imatge de Bohr):
transicions entre estats discrets
radiacido EM emesa o absorbida
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“ L'espectre de I'hidrogen

I I 2.6. The hydrogen energy spectrum 13 6
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The Hydrogen Spectrum
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Altres atoms

Hydrogen
SR L . T -
Sodium
| I SRR | I
Helium
(g
Neon
s cmelloadb © 4 4 B
Mercury ‘
EEtID EDCI 550 4I5'EI' 400 3as0

500
Wavelength{nm)



“ Processos amb fotons

elastic

-

Raman (Stokes)
(b) .

i o

Raman (antiStokes)
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absorcio
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0 2 electron
i
7

emissio estimulada

(8)
Emitted
Compton  s—clectron
(h) 7 o
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Lasers

Rubi

Al,O3 + Cr™3

rTrigger - i Taas
electrode > o .

—
Flashtube

Absorption
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Trigger » : Beam
electrode

/
Flashtube

Relaxation

Nonradiative
transitions

Metastable E,

states
Photon
1 Absorption 694.3 nm
Stimulated
emission
Ground
0 state E 1
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Partially i
Silvered end silvered \end Flashtube
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“ La velocitat de la llum

c = 299,792,458 m/s ~ 3 x 10° m/s 31-5

DEFINITION—SPEED OF LIGHT
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Index de refraccié

A un medi material v < ¢

Index de refracciddel medi |n =S| 5> 1
v
Constants relatives ¢ = ¢,¢g . I e
M= Mo VER A\ Erflr

Estatica ¢, =& Constant dielectrica

15



“ Propagaci6 de la llum: Optica
j!
Optica geometrica | jum visible

Les dimensions d’interés son molt més grans que la
longitud d’ona de I'ona EM

A~ 500nm=5x%x10""m

El raig lluminds i el front d’'ona

Trajectories de I'energia lluminosa

Point
source
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Lleis de I'optica geometrica

e Dins un medi homogeni i isotrop un raig de llum es propaga
seguint una trajectoria recta

reflexié
e Un raig "rebota” d’un mirall de manera que ’angle amb la

normal del raig incident i el reflectit és el mateix
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refraccio (llei de Snell)
e (Quan un raig passa d’un medi a un altre, canvia de tra-

jectoria, essent la relacié entre angle incident i refractat la
donada per la llei de Snell

L 61= 0

n1 sin 91 = N9 sin (92

Sing > ng (ve < vy) Sing < nip (ve > vy)

n1 | n1 |

N9 UZ




e Les trajectories de la llum per distins medis son reversibles

ni

12
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Refraccio d’aire a aigua

n1 sin 91 = N9 sin (92

91 = 450

05 = arcsin (

= 32.1°

ny .
—— sin 45°
(1%

)
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El principi de Fermat del temps minim

The path taken by light traveling from one point to another is such that the
time of travel is a minimum.’

FERMAT S PRINCIPLE

Trajectories rectes dins un medi homogeni

Reflexio A

APB=A'PB
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Refraccio
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La reflexio interna total

. ng . no
sinf, = —sin90° = —
ni ni

7)2>'01







. no 1
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St ni 1.5
0. = 41.8°
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Il.lusions optiques
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Reflexid difosa

b &‘A\‘

30



-

El principi de Huygens

Each point on a primary wavefront serves as the source of
spherical secondary wavelets that advance with a speed and
frequency equal to those of the primary wave. The primary
wavefront at some later time is the envelope of these wavelets.

HUYGENS'S PRINCIPLE
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Llei de reflexidé a partir del principi de Huygens
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Llei de Snell a partir del principi de Huygens

t

Sinqblz%
AB — Ult o Ult
_Sin¢1  sin#,

t

Sinqbgz%
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sin ¢ sinfs

’Ult ’Ugt

sinf;  sin6-

n1 sin (91 = N9 sin (92
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“ Dispersio

N

Silicate flint glass
s Borate flint glass

— Quartz

—_—

Silicate crown glass
1.5

Violet Red
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- Orange
Yellow
Green
Blue
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1 Arc de Sant Marti (Arco Iris, Rainbow)
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Observer A

A
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Water
droplets
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Secondary

/
Pl Primary

J42°|51°

Water
droplets
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@, degrees

180°

170°

160°

150°

140°

130°

OO

200 40" 60°
61, degrees

80°

= 180°% — 138° = 42°
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“ Polaritzacid

paral.lela Er,Bx

Components {perpendiculal’ Es, Bs

(a) Polaritzacio al pla d’incidencia

(b) Polaritzacio perpendicular
al pla d’'incidencia

Eia E7,“O'
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1y COS 97“ — Ng COS 6)1

n1 COS 67“ —+ N2 COS Qz

2n1 cos b;

n1 cos 0, + ng cos 0;

n1 cos ; — na cos O,

ny cos 0; + ng cos 6,

2n1 cos ;

ny cos 8; + no cos b,
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La reflexio6 paral.lela es potanul.lar R, =0
Ona reflexada polaritzada o

_E,. njcosf, —nycosb;

R
E;. ni cos b, + no cos b;

ni1 cos b, = ny cosb;

=) sin 8; cos8; = sin 0,. cos 6,
(Snell) 5, sinf;, = nysiné,

2(97;:7'(—2(97a
s

Llei de Brewster

Quan el raig reflectit i refractat son
perpendiculars aleshores el raig reflectit
esta polaritzat en direcio perpendicular
al pla d‘incidéncia.
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I | Angle de Brewster 6, = 0p
T
0, +0, = —
+ 2
tan 0 — sinf; 2 sin 6, _ w2 sin(m/2 — 6;)
cos b, cos b, cos b,
=
n
tanfp = i
ni

En general R,#0 T,#0 1I5#0
T >0 Incident i transmesa en fase

R <>0
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!'_ Problems
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31.38

Marching
band

50-yd

line
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ny (11 > 1y)

ng (13 > ny)
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31.40

Air

Air
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