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O que sdo cores
primdrias?

Porque quando
imprimimos as cores
ficam diferentes das
cores no monitor?

Quantas
cores
existem?




Como vemos ?

Teoria da Emissao
Grécia antiga: Euclides, Ptolomeu
Emissao do olho até o objeto.

Teoria mista
Grécia antiga: Platao
Emissao do olho até o objeto.
Emissao do objeto até o olho.
Interacao entre as duas emissoes.

Teoria da Intro-missao
Aristoteles, Da Vinci
Emissao do objeto ate o olho.



VEemos L U Z
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Issac Newton, sec. XVII
A luz é branca consiste de diferentes cores que
podem ser separadas e reagrupadas por prismas,

recuperando a luz branca.




O que é aluz?

Newton ~1700 : [\=8i[{V]W:\S

Young ~1800 : ONDAS

Maxwell ~1800 : ONDAS EM

Einstein ~1900 : I2N=3p[e{S] W\



LUZ

DUALIDADE

ONDA

' PARTICULA




ONDAS

Difracao

Interferéncia
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ONDAS EM

“Esta velocidade é tdo proxima da
velocidade da luz que,

aparentemente, temos fortes razoes
para concluir que a propria luz é um
disturbio eletromagnético na forma de
ondas que se propagam atraveés dos
campos eletromagnéticos e de acordo

com as leis do eletromagnetismo.”
Maxwell, 1862

~3x10°m/s
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ONDAS EM

Direction
__ of wave
77\ travel

Velocidade : ¢

Comprimento de onda: 4
=AT Periodo: T

Frequéncia: f



ONDAS EM

THE ELECTROMAGNETIC SPECTRUM
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ONDAS EM

<a— Comprimento de onda (m)
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PARTICULAS

Quantum de Luz : FOTON

Albert Einstein
@~ Q-
Voo =6.22x10° m/s

E=hf ‘&
Q- @
700 nm
1778V 550nm =2 .96x 10° mis /
2.25 eV
4DDnm
Constante de Planck Ll% 3.1 eV

h=6,63 x 1034 J s

- 2.0 eV needed to eject elactron

Photoelectrlc effect

Nobel,1921
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400 500 600 700 nm

COR Comp. de onda

Violeta 390 - 450 nm Anil
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Fontes de LUZ

Lampada de filamento
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Ultraviolet Visible Light Infrared (heat)




Fontes de LUZ

Objetos “quentes” : Incandescéncia
Filamentos de lampadas, sol, animais

Descarga de Gases
Lampadas neon, raios, aurora boreal, lasers de gas

Catodoluminescéncia (solidos, especialmente P)
Monitores antigos, lampada fluorescente*

Eletroluminescéncia (solidos)
Diodos, lasers de estado solido



Incandescéncia:

Radiacao de Planck

Lei de Wien: 4 = >

Temperatura da Cor

Objetos Quentes

5000 K

Spectral curves for blackbody radiators
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Increasing flux ——

Sol*: ~5.500 K

Lampadade W: 2.500 - 3.200 K

Lampada de W halogénica: 2900 — 3300 K
Corpo humano: ~ 300 K



Spectral Irradiance (W/m2/nm)

Solar Radiation Spectrum
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Normalized Solar Intensity
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Solar Energy Distribution

= 5% ultraviolet (300-400 nm)
= 43% visible (400-700 nm)
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Descarga de gases

434 4101

Quantizacao da Energia
Niveis de energia discretos
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Descarga de gases

Gas: mau condutor de eletricidade

Baixa Pressao + lonizacao

{'\—F 5'“—:’ J Photons ot

\_5“"‘ (™ Cf"’] various energies
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Current
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Descarga de gases +
Catodoluminescéncia

Lampada Fluorescente

FLOURESCENT rul




Eletroluminescéncia
)
LED : Light Emitting Diode Q Q F? ‘Q

Inside a
Light Emitting




LED : Light Emitting Diode

Semiconductor material
Color A(nm)

Gallium arsenide (GaAs)
Aluminium gallium arsenide (AlGaAs)
Aluminium gallium arsenide (AlGaAs)
Gallium arsenide phosphide (GaAsP)
Aluminium gallium indium phosphide (AlGalnP)
Gallium(lll) phosphide (GaP)
Gallium arsenide phosphide (GaAsP)
s Orange | 590<A <610 |Aluminium galliumindium phosphide (AlGalnP)
Gallium(lll) phosphide (GaP)
Gallium arsenide phosphide (GaAsP)
2000 Yellow 570 <A <590 Aluminium gallium indium phosphide (AlGalnP)
Gallium(lll) phosphide (GaP)
Traditional green:
1. Gallium(l11) phosphide (GaP)
Aluminium gallium indium phosphide (AlGalnP)
Aluminium gallium phosphide (AlGaP)
e “e w“e o 700 " Pure green:

g Indium gallium nitride (InGaN) / Gallium(ll1) nitride (GaN)
Zinc selenide (ZnSe)
Indium gallium nitride (InGaN)
Silicon carbide (SiC) as substrate
Silicon (Si) as substrate—under development
Violet 400 <A <450 |Indium gallium nitride (InGaN)

Dual blue/red LEDs,

Purple multiple types |blue with red phosphor,
or white with purple plastic
Diamond (235 nm)7l
Boron nitride (215 nm)L58l691
Aluminium nitride (AIN) (210 nm)Za
Aluminium gallium nitride (AlGaN)
Aluminium gallium indium nitride (AlGalnN)—down to
210 nmizl

Infrared A>760

Intenady
(counts)

Red 610<A <760

4000

Green 500<A <570

Blue 450 <A <500

Ultraviolet A <400



http://en.wikipedia.org/wiki/Infrared
http://en.wikipedia.org/wiki/Wavelength
http://en.wikipedia.org/wiki/Gallium_arsenide
http://en.wikipedia.org/wiki/Aluminium_gallium_arsenide
http://en.wikipedia.org/wiki/Red
http://en.wikipedia.org/wiki/Aluminium_gallium_arsenide
http://en.wikipedia.org/wiki/Gallium_arsenide_phosphide
http://en.wikipedia.org/wiki/Aluminium_gallium_indium_phosphide
http://en.wikipedia.org/wiki/Gallium(III)_phosphide
http://en.wikipedia.org/wiki/Orange_(colour)
http://en.wikipedia.org/wiki/Gallium_arsenide_phosphide
http://en.wikipedia.org/wiki/Aluminium_gallium_indium_phosphide
http://en.wikipedia.org/wiki/Gallium(III)_phosphide
http://en.wikipedia.org/wiki/Yellow
http://en.wikipedia.org/wiki/Gallium_arsenide_phosphide
http://en.wikipedia.org/wiki/Aluminium_gallium_indium_phosphide
http://en.wikipedia.org/wiki/Gallium(III)_phosphide
http://en.wikipedia.org/wiki/Green
http://en.wikipedia.org/wiki/Gallium(III)_phosphide
http://en.wikipedia.org/wiki/Gallium(III)_phosphide
http://en.wikipedia.org/wiki/Gallium(III)_phosphide
http://en.wikipedia.org/wiki/Aluminium_gallium_indium_phosphide
http://en.wikipedia.org/wiki/Aluminium_gallium_indium_phosphide
http://en.wikipedia.org/wiki/Aluminium_gallium_indium_phosphide
http://en.wikipedia.org/wiki/Aluminium_gallium_indium_phosphide
http://en.wikipedia.org/wiki/Aluminium_gallium_indium_phosphide
http://en.wikipedia.org/wiki/Aluminium_gallium_indium_phosphide
http://en.wikipedia.org/wiki/Aluminium_gallium_indium_phosphide
http://en.wikipedia.org/wiki/Aluminium_gallium_phosphide
http://en.wikipedia.org/wiki/Aluminium_gallium_phosphide
http://en.wikipedia.org/wiki/Aluminium_gallium_phosphide
http://en.wikipedia.org/wiki/Aluminium_gallium_phosphide
http://en.wikipedia.org/wiki/Aluminium_gallium_phosphide
http://en.wikipedia.org/wiki/Indium_gallium_nitride
http://en.wikipedia.org/wiki/Indium_gallium_nitride
http://en.wikipedia.org/wiki/Indium_gallium_nitride
http://en.wikipedia.org/wiki/Indium_gallium_nitride
http://en.wikipedia.org/wiki/Indium_gallium_nitride
http://en.wikipedia.org/wiki/Gallium(III)_nitride
http://en.wikipedia.org/wiki/Gallium(III)_nitride
http://en.wikipedia.org/wiki/Gallium(III)_nitride
http://en.wikipedia.org/wiki/Blue
http://en.wikipedia.org/wiki/Zinc_selenide
http://en.wikipedia.org/wiki/Zinc_selenide
http://en.wikipedia.org/wiki/Zinc_selenide
http://en.wikipedia.org/wiki/Indium_gallium_nitride
http://en.wikipedia.org/wiki/Indium_gallium_nitride
http://en.wikipedia.org/wiki/Indium_gallium_nitride
http://en.wikipedia.org/wiki/Indium_gallium_nitride
http://en.wikipedia.org/wiki/Indium_gallium_nitride
http://en.wikipedia.org/wiki/Silicon_carbide
http://en.wikipedia.org/wiki/Silicon_carbide
http://en.wikipedia.org/wiki/Silicon_carbide
http://en.wikipedia.org/wiki/Silicon
http://en.wikipedia.org/wiki/Violet_(color)
http://en.wikipedia.org/wiki/Indium_gallium_nitride
http://en.wikipedia.org/wiki/Purple
http://en.wikipedia.org/wiki/Ultraviolet
http://en.wikipedia.org/wiki/Diamond
http://en.wikipedia.org/wiki/Light-emitting_diode
http://en.wikipedia.org/wiki/Boron_nitride
http://en.wikipedia.org/wiki/Boron_nitride
http://en.wikipedia.org/wiki/Boron_nitride
http://en.wikipedia.org/wiki/Light-emitting_diode
http://en.wikipedia.org/wiki/Aluminium_nitride
http://en.wikipedia.org/wiki/Aluminium_nitride
http://en.wikipedia.org/wiki/Aluminium_nitride
http://en.wikipedia.org/wiki/Light-emitting_diode
http://en.wikipedia.org/wiki/Aluminium_gallium_nitride
http://en.wikipedia.org/wiki/Aluminium_gallium_nitride
http://en.wikipedia.org/wiki/Aluminium_gallium_nitride
http://en.wikipedia.org/wiki/Aluminium_gallium_nitride
http://en.wikipedia.org/wiki/Aluminium_gallium_nitride
http://en.wikipedia.org/w/index.php?title=Aluminium_gallium_indium_nitride&action=edit&redlink=1
http://en.wikipedia.org/w/index.php?title=Aluminium_gallium_indium_nitride&action=edit&redlink=1
http://en.wikipedia.org/w/index.php?title=Aluminium_gallium_indium_nitride&action=edit&redlink=1
http://en.wikipedia.org/w/index.php?title=Aluminium_gallium_indium_nitride&action=edit&redlink=1
http://en.wikipedia.org/w/index.php?title=Aluminium_gallium_indium_nitride&action=edit&redlink=1
http://en.wikipedia.org/w/index.php?title=Aluminium_gallium_indium_nitride&action=edit&redlink=1
http://en.wikipedia.org/w/index.php?title=Aluminium_gallium_indium_nitride&action=edit&redlink=1
http://en.wikipedia.org/wiki/Light-emitting_diode

Eletroluminescéncia

LASER
Light Amplification by Stimulated Emission of Radiation
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1. Gain medium

2. Laser pumping energy
3. High reflector

4. Qutput coupler

5. Laser beam


http://en.wikipedia.org/wiki/Output_coupler
http://en.wikipedia.org/wiki/Output_coupler
http://en.wikipedia.org/wiki/File:Laser.svg
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Wavelength




CIE

Commission Internationale de I'Eclairage

1474

22a; Standard [Ihmunants

-9

ﬂ Standard llluminant D65:
Average daylight (including
ultraviolet wavelength region) with
a correlated colour temperature of
6504K.

¥4 Standard llluminant C:
Average daylight (not including
ultraviolet wavelength region) with
a correlated colour temperature of
6774K.

Standard llluminant A:
Incandescent light with a
correlated colour temperature of
2856K.
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Como uma
linha vira
um circulo
na nossa
percep¢ao?



