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Breve histórico 
• Século 17: Sir Isaac Newton mostrou que a 

luz branca é feita de diferentes cores 
(teoria corpuscular)  
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Breve histórico 
• Século 18: Huygens, Fresnel e Young 

mostraram que luz se comportava como onda 
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• Século 19: Luz é onda eletromagnética !!!! 
(Maxwell) 

Breve histórico 
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• Início do século 20: Max Planck e, mais tarde, 
Albert Einstein propõem que a luz era uma onda, 
bem como uma partícula (dualidade na natureza 

da luz) 

Breve histórico 
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Atualmente... 

Fios de cobre: 10 Mb/s          downloads 1,25 MB/s 
Fibra óptica: 10 Gb/s         downloads 1,25 MB/s 
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x Corpuscular: gerada por partículas com 
velocidade muito alta que carregam energia 
devido ao seu movimento (energia cinética). 
Ex: partículas D,E, neutrons (geradas por 
aceleradores lineares, cíclotrons, etc).  

 
x Eletromagnética:  gerada por fótons (ou 
quanta), que são pacotes de pequenas unidades 
de energia. Não contém matéria (não possui 
massa ou peso). 

  

Tipos de Radiação 
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Radiação Eletromagnética 
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Radiação Eletromagnética 
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E [Kev] = 1.24/O [nm] E = h.Q 
(h=6,626x10-34J.s ou 4,136x10-15eV.s)  

Comprimento de onda (m) 
O = c/Q = c.h/E 

Frequência 
(Q) [Hz] 

Q = c/O 

Velocidade (c) = 3.108 m/s 

Características da radiação EM 
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ESPECTRO ELETROMAGNÉTICO 

* níveis de energia separados por um campo magnético 

Tipo de radiação Freqüência (Hz) Comprimento de 
onda 

Tipo de transição 

raios  gama 10 20  - 10 24 < 10 -12  m nuclear 

raios x 10 17 - 10 20 1  nm – 1  pm 

ultravioleta 10 15  – 10 
17 

400 – 1  nm elétron mais externo  

visível 4 – 7,5x10 
14 

750 – 400  nm 

infravermelho 
próximo 1x10 14  – 4x10 14 2,5  m m – 750  nm vibrações 

moleculares 

infravermelho 10 13  – 10 14 25 – 2,5  m m vibrações 
moleculares 

microondas 3x10 11  – 10 
13 

1 mm – 25  m m 
rotações moleculares, 
inversão de paridade  

do spin eletrônico 
* 

ondas de  rádio < 3x10 11 > 1 mm inversão de paridade 
do spin nuclear  

* 

elétron mais interno  

elétron mais externo  

elétron mais externo,  

   ionização 

dissociação 

Energias de  
excitação  
eletrônica 

Energias   
de vibração 

Energias   
de rotação i
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Espectro 
Eletromagnético 

Frequência (Hz) 

Comprimento de 
onda (nm) 

Energia de 
fóton (eV) 

106 10-4 

106 108 1018 1016 1014 1012 1010 

106 108 1010 104 102 10-2 1 

10-2 104 102 1 10-6 

Raio-X e Gama 

500 KeV 

100 MHz 

vermelho 
Luz Visível 

400 nm 700 nm 

azul 
Rádio, MRI 

1 MHz 

100 KeV 

Zezell, DM 

i

p

e

n



13 
(Sliney, 2007) 

Conceitos radiométricos 
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Densidade de Potência 
(Irradiância / Taxa de Fluência)  
(potência de saída da luz, por unidade de 

área ) 
 

Grandeza física que avalia a 
possibilidade de dano microtérmico  
 I (W/cm2) = P (W)                               A (cm2) 
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Desenho esquemático de um feixe 
paralelo que incide sobre o olho. O feixe 
é focalizado na retina. A densidade de 
potência torna-se tão alta, que pode 

ocorrer dano 
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Densidade de Energia  
(Exposição Radiante / Fluência) 

 
(quantidade de energia, por unidade 

de área, transferida à matéria) 
 

 DE (J/cm2) = E (J)                A (cm2) 
 

E (J) = P (W) x t (s) 
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Reflexão 

Transmissão 

Absorção Espalhamento 

INTERAÇÃO DA LUZ COM  O TECIDO 
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Onde o tecido afeta a luz ? 
técnicas diagnósticas: imagem, 

espectroscopia, sensores 
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Onde a luz afeta o tecido? 
técnicas terapêuticas: incisão 

cirúrgica, ablação, PDT  
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http://slideplayer.com/slide/10203377/ 
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https://www.google.us/patents/WO2007021948A2?cl=en 
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•A absorção é devido à conversão parcial de 
energia luminosa em outra forma de energia 
(química, térmica, mecânica,…) no material 

absorvedor.  

•As propriedades de transparência ou 
opacidade dependem do comprimento de onda 
da radiação incidente e do tecido.  

 

Ex. A córnea é transparente no visível e absorvedora 
no UV 

  

Absorção 
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Lei de Lambert-Beer 
 

I(x)= I0 e-�Pax 
 
Absorção predomina sobre o espalhamento 
 
Comprimento de absorção (La) é  1/Pa e 
corresponde à distância x na qual a 
intensidade cai para 1/e (a 37%) do seu 
valor de incidência I0. 
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http://omlc.org/classroom/ece532/class3/muaspectra.html 
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https://ned.ipac.caltech.edu/level5/Sept07/Li1/Li3.html 

Espalhamento 
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• A luz espalhada pelo tecido interagiu com a 
ultraestrutura do tecido. A ultraestrutura vai 
de membrana, organelas celulares, células, 
fibras.  
 
• Espalhamento da luz por estruturas da ordem 
de O é descrito pelo espalhamento Mie.  
 
• Espalhamento da luz por estruturas muito 
menores que O é descrito pelo espalhamento 
Rayleigh.  
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Espalhamento elástico (fóton 
incidente e espalhado têm a 
mesma frequência) 
 
Tipo Rayleigh 
Partícula << O 
difuso, isotrópico 
µs v 1/O4 
 
Tipo Mie 
Partícula | O 
dirigido, anisotrópico 
µs v 1/O1/4 
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http://www.scratchapixel.com/lessons/advanced-rendering/volume-rendering-for-artists 
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µs' = µs(1 - g) [cm-1] 
 
g: coeficiente de anisotropia 
O valor de g varia no intervalo de 0 a 1: g=0, corresponde ao 
espalhamento isotrópico e g=1 corresponde ao espalhamento 
completamente dirigido. 
 
 
 
 

Espalhamento reduzido 

http://omlc.org/classroom/ece532/class3/musp.html 
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µt = µa + µs(1 - g) [cm-1] 

Atenuação 
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• Tecidos biológicos são meios absorvedores 
opticamente inomogêneos 

 
• Na interface ar-biotecido parte da radiação 

é refletida e parte penetra o biotecido 
 

•  A luz é expandida e atenuada devido a 
múltiplos espalhamentos e absorção 

 
•  Por causa do espalhamento, parte da 
radiação laser se propaga na direção oposta 

(retroespalhamento) 
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REFLEXÃO ESPECULAR 
LUZ INCIDENTE 

REFLEXÃO DIFUSA 
(RETROESPALHAMENTO) 

ABSORÇÃO ESPALHAMENTO 

FLUORESCÊNCIA 

FLUORESCÊNCIA 

camada córnea 
(10 mm) 

epiderme 
(100 mm) 

gordura subcutânea 

derme 
(3 mm) 
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UV e IR (O t 2 mm) 
• absorção predomina  e a influência 

do espalhamento é relativamente 
pequena; 

• a onda de luz não penetra 
profundamente no biotecido.   
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Região do visível com  
menores O�

• há absorção e espalhamento; 
• a profundidade de penetração varia 

de 0.5 a 2.5 mm. 
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O = 0.6 Pm a 1 Pm  
• espalhamento predomina em relação 

à absorção; 
• profundidade de penetração 

aumenta até 8-10 mm. 
  

(Tuchin, 1995) 
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Parâmetros importantes 

Massa corpórea  
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Cor da pele 

i

p

e

n



COR: 

ESPESSURA: 

λ: 

Transmitancia 

(633 nm) (820 nm) 
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During spontaneous burn healing. A- 3 days after 
injury; B- 17 days after injury. Note the necrotic 

area (*) and cell debris (arrow). 

healthy skin of rat. E- 
epidermis; D- dermis 
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A B 
C 
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Fotomicrografias de pele de camundongos. (A e B) Pele de um 
macho albino e black, respectivamente, mostrando epiderme 
(E), derme espessa (D), tecido adiposo (AT) e muscular (MT). 
(C e D) Pele de uma fêmea albina e black, respectivamente, 

mostrando as mesmas camadas, mas com derme mais fina e 
mais tecido adiposo.  
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Interação Luz-Tecido 

10 -15 10 -12 10 -9 10 -6 10 -3 10 0 10 3 

10 -3 

10 0 

10 3 

10 6 

10 9 

10 12 

10 15 

1 fs 1 ps 1 ns 1 µs 1 ms 1 s 

1 mW/cm2 

1 W/cm2 

1 kW/cm2 

1 MW/cm2 

1 GW/cm2 

1 TW/cm2 

1 PW/cm2 

UV 
Fotoablação 

IR 
Interações térmicas 

vis - IR 
Interações fotoquímicas 

15 minutos 

In
te

ns
id
ad

e 
(W

/c
m

2 )
 

Tempo de exposição (s) 

Ablação induzida por plasma 

Ablação por 
 ondas de choque 

Maldonado, EP 
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EFEITOS TÉRMICOS (altas densidades 
de potência) 
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oC 

400o 

100o 

60o 

150o 

40o 

35o Aquecimento Tecidual 

Hipertermia 

Desnaturação de proteínas, desidratação, 
coagulação 

Vaporização  

Carbonização 

Rápida Incisão e Ablação 

oC 
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EFEITOS NÃO-TÉRMICOS (baixas 
densidades de potência) 
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TERAPIA COM LUZ 
• Helioterapia 
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Mais de 100 anos de 
reconhecimento 

O Premio Nobel em 
Fisiologia ou 

Medicina (1903) foi 
dado a Niels 

Ryberg Finsen "in 
recognition of his 
contribution to the 

treatment of 
diseases, especially 
lupus vulgaris, with 
concentrated light 
radiation, whereby 
he has opened a 
new avenue for 

medical science". 

i

p

e

n



Tratamento de tuberculose cutânea com luz solar “filtrada e concentrada” 
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Anderson	Zanardi	de	Freitas	
Martha	Simões	Ribeiro	
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Overview	of	Op;cal	Imaging	

2	

Spa$al	Filtering.	It	is	one	of	the	simplest	methods	and	
relies	 on	 the	 fact	 that	 diffuse	 photons,	 undergoing	
mul;ple	 scaDering,	 are	more	 spread	out	 and	off-axis.	
Therefore,	 applying	 spa;al	 filtering	 by	 using	 a	
transmiDed	light	collec;on	using	an	aperture	provides	
rejec;on	 of	 a	 substan;al	 amount	 of	 off-axis	 diffuse	
light.		

Polariza$on	Ga$ng.	Here	one	u;lizes	a	linearly	polarized	
light.	 The	 transmiDed	 ballis;c	 and	 snake	 photons	 s;ll	
retain	much	of	the	ini;al	polariza;on,	while	the	mul;ply	
scaDered	diffuse	light	are	depolarized.		

Time	Ga$ng.	This	method	u;lizes	a	short	 laser	pulse	as	
the	 illumina;on	 source.	 The	 transmiDed	 light	 is	 passed	
through	 an	op;cal	 gate	 that	 opens	 and	 closes	 to	 allow	
transmission	only	of	 the	ballis;c	and/or	snake	photons.	
Synchroniza;on	 can	 be	 achieved	 by	 using	 a	 reference	
op;cal	pulse	that	controls	the	opening	and	closing	of	the	
op;cal	gate.		

Frequency-Domain	 Methods.	 In	 this	 method	 the	 ;me	
ga;ng	 is	 transformed	 to	 intensity	 modula;on	 in	
frequency	 domain.	 In	 this	 mode,	 the	 specimen	 is	
illuminated	 with	 an	 intensity-modulated	 beam	 from	 a	
CW	 laser,	 and	 the	 AC	 modula;on	 amplitude	 and	 the	
phase	shiS	of	the	transmiDed	signal	are	measured	using	
methods	 such	 as	 heterodyning.	 One	 oSen	 uses	 the	
diffuse	 photon	 density	wave	 descrip;on	 to	 analyze	 the	
transport	of	the	modulated	beam.	The	advantage	of	this	
method	 is	 that	 less	 expensive	CW	 laser	 sources	 can	be	
u;lized.		
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Wave	model	

Electromagne;c	radia;on	is	a	transverse	wave,	meaning	that	its	oscilla;ons	
are	perpendicular	to	the	direc;on	of	energy	transfer	and	travel.	The	electric	
and	magne;c	parts	of	the	field	stand	in	a	fixed	ra;o	of	strengths	in	order	to	
sa;sfy	 the	 two	Maxwell	 equa;ons	 that	 specify	 how	one	 is	 produced	 from	
the	other.	These	E	and	B	fields	are	also	in	phase,	with	both	reaching	maxima	
and	minima	at	the	same	points	in	space	(see	illustra;ons	

λ
ν

c
=

O	que	é	um	fóton?	
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Par$cle	model	and	quantum	theory	

	

An	anomaly	arose	in	the	late	19th	century	involving	a	contradic;on	between	the	wave	theory	of	light	and	measurements	

of	the	electromagne;c	spectra	that	were	being	emiDed	by	thermal	radiators	known	as	black	bodies.	Physicists	struggled	

with	this	problem,	which	later	became	known	as	the	ultraviolet	catastrophe,	unsuccessfully	for	many	years.	In	1900,	Max	

Planck	developed	a	new	theory	of	black-body	radia;on	that	explained	the	observed	spectrum.	Planck's	theory	was	based	

on	 the	 idea	 that	 black	 bodies	 emit	 light	 (and	 other	 electromagne;c	 radia;on)	 only	 as	 discrete	 bundles	 or	 packets	 of	

energy.	These	packets	were	called	quanta.	Later,	Albert	Einstein	proposed	that	light	quanta	be	regarded	as	real	par;cles.	

Later	the	par;cle	of	light	was	given	the	name	photon,	to	correspond	with	other	par;cles	being	described	around	this	;me,	

such	as	the	electron	and	proton.	A	photon	has	an	energy,	E,	propor;onal	to	its	frequency,	f,	by	

	

	

	

where	h	is	Planck's	constant,	λ	is	the	wavelength	and	c	is	the	speed	of	

	light.	This	is	some;mes	known	as	the	Planck–Einstein	equa;on.	

	In	quantum	theory	(see	first	quan;za;on)	the	energy	of	the	photons		

is	thus	directly	propor;onal	to	the	frequency	of	the	EMR	wave.	

λ
ν

hchE ==

O	que	é	um	fóton?	
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O	que	é	um	fóton?	

Wave–par$cle	duality	

The	 modern	 theory	 that	
explains	 the	 nature	 of	 light	
includes	 the	 no;on	 of	 wave–
p a r ; c l e	 d u a l i t y .	 Mo r e	
generally,	 the	 theory	 states	
that	 everything	 has	 both	 a	
par;cle	 nature	 and	 a	 wave	
n a t u r e , 	 a n d 	 v a r i o u s	
experiments	 can	 be	 done	 to	
bring	 out	 one	 or	 the	 other.	
The	 par;cle	 nature	 is	 more	
easily	 discerned	 using	 an	
object	 with	 a	 large	 mass.	 A	
bold	 proposi;on	 by	 Louis	 de	
Broglie	 in	 1924	 led	 the	
scien;fic	community	to	realize	
that	 electrons	 also	 exhibited	
wave–par;cle	duality.	 5	
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Campo	Elétrico	

)cos(),( 0 rktEtrE !!!
⋅−= ω

)(
0),( rktieEtrE

!!!!
⋅−−= ω

Fundamentals	of	Op;cs-	Jenkins	and	White		
	

Parte	2	-	Capítulo	11	
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Principio	de	Huygens	

hDp://www.acous;cs.salford.ac.uk/feschools/
waves/diffract3.php	 7	
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Difração	
Cap	15	

!= #$/& ()*+		

hDps://www.youtube.com/watch?v=-mNQW5OShMA	
8	

I = A
2
0 sin

2(β)
β
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Difração	 Cap.	13	
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!!!!
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Campo	elétrico	
resultante	

Intensidade	
2
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!

=

2
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9	

Fonte	coerente	

Máximos	

....3,2,1,0== nD
d
nxn
λ

Mínimos	

xm = (2m+1)
λ
2d

D m = 0,1, 2,3....
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Superposição	de	ondas	

)cos(),( 101 rktEtrE !!!
⋅−= ω

Fundamentals	of	Op;cs-	Jenkins	and	White		
	

Parte	2	-	Capítulo	13	
E
!"
2 (r, t) =

"
E0 cos(ωt −

!
k ⋅ !r2 )

Interferência	destru;va	
10	
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Superposição	de	ondas	
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Superposição	de	ondas	
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Superposição	de	ondas	
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IGHT 
MPLIFICATION BY 
TIMULATED 
MISSION OF 
ADIATION 

L
A
S
E
R

(Amplificação da Luz por Emissão Estimulada de Radiação) 

i

p

e

n



ΔE 

Absorção 
Ressonante 

Emissão 
 espontânea 

Fóton 
λ α ΔE 
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elétrons 

E1 

E2 

 n1 

 n2 ~0 

E2- E1 = h.ν= ΔE 

ABSORÇÃO	

n2 << n1 
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n2 >n1 

EMISSÃO	ESTIMULADA	

E1 

E2 

 n1 

 n2  

E2- E1 = h.ν= ΔE 

ΔE = h.ν  

h.ν  

h.ν  

inversão de população 

Einstein em 1917 de emissão estimulada pela 
radiação 
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Itrans. > Iinc  
e a radiação é amplificada. 

1 fóton 

8 fótons 

Light 
Amplification 
by Stimulated 
Emission of 
Radiation 

EMISSÃO	ESTIMULADA	
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ciclo	de	bombeamento	óp;co	de	4	níveis	ideal	

0
2

2
2 nwncn
dt
dn

pe +−−=
τ

φσ

En
er
gi
a	

φ 
νlaser wp 

0 

1 

2 

3 

E2 

E1>>kT 

Estado	Fundamental	

LASER	
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Meio Ativo 

Sistema de Bombeio 

Cavidade Ressonante 

Radiação laser 

LASER	
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Componentes	de	um	Laser	

LASER 

Meio de Ganho Sistema de Bombeio Cavidade Ressoante 

Gasoso 

Líquido 

Sólido 

Lâmpada 

Diodo i
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FLUXÔMETRO	LASER	DOPPLER		

	
VELOCIDADE	SANGUÍNEA	

VOLUME	SANGUÍNEO	

FLUXO	SANGUÍNEO	

	

NÃO	INVASIVA	

NÃO	OFERECE	RISCOS	

PERMITE	A	MONITORAÇÃO	CONTÍNUA	DO	FLUXO		
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CHRISTIAN	DOPPLER	FOI	QUEM	PELA	

PRIMEIRA	VEZ,	EM	1842,	POSTULOU	

QUE	A	FREQUÊNCIA	DE	ONDAS	

ACÚSTICAS	PODERIA	MUDAR	SE:	

OU	A	FONTE	OU	O	OBSERVADOR	

ESTIVER	EM	MOVIMENTO. 

CHRISTIAN	DOPPLER  
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O	Efeito	Doppler		
	

	

Existem	muitos	exemplos	do	efeito	

Doppler	no	co$diano:	

	

	

	

-	Sirene	de	viatura	

-	Buzina	de	carro	

-	Apito	de	trem	

 

mesma	freqüência	

Fonte	estacionária 

Freqüência	

	aumenta 
Freqüência	

	diminui 

Fonte	em	movimento 
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O	Efeito	Doppler	
V 

Laser	

Refletor 

	λ1 

 

λ2	-	λ1	∝	V	

	λ2 

 

VASO	SANGUÍNEO 

RADIAÇÃO	LASER	INCIDENTE 
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Fluxômetro	Laser	Doppler		
ESTUDO	DA	MICROCIRCULAÇÃO	

Fibra óptica 
transmissora 

Fibra óptica 
receptora 

1 mm 
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Fluxômetro	Laser	Doppler	

APLICAÇÕES	
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Visualização	da	Microvascularização	

IMAGENS	VIA	LASER	DOPPLER 
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Reumatologia		

SISTEMA	DE	IMAGEM	LASER	DOPPLER		
APLICAÇÕES	 

Controle Após	imersão	

em	água	fria 

Recuperação	

após	7,5	min. 
Recuperação	

após	15	min. 
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Op;cal	Spectroscopy	

i

p

e

n



Various	Spectroscopies	Useful	for	

Biophotonics		
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Fourier	Transform	Spectrometers	FTIR	
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TRANSMISSION	MICROSCOPY		
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Differen$al	Interference	Contrast	

Microscopy	(DIC)		
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•  The	 split	 beams	 enter	 and	 pass	 through	 the	 specimen	
where	their	wave	paths	are	altered	in	accordance	with	the	
specimen’s	 varying	 thicknesses,	 slopes,	 and	 refrac;ve	
indices.	When	the	parallel	beams	enter	the	objec;ve,	 they	
are	focused	above	the	rear	focal	plane	where	they	enter	a	
second	 modified	 Wollaston	 prism	 that	 combines	 the	 two	
beams	at	a	defined	distance	outside	of	the	prism	itself.		

•  As	a	 result	of	having	 traversed	 the	 specimen,	 the	paths	of	
the	 two	 beams	 are	 not	 of	 the	 same	 length	 (op;cal	 path	
difference)	for	different	areas	of	the	specimen.		

•  ASer	 passing	 through	 another	 polarizer	 (analyzer)	 above	 the	
upper	 Wollaston	 beam-combining	 prism,	 these	 two	 beams	
interfere	 to	 translate	 the	 path	 difference	 introduced	 by	 the	
objects	in	the	sample	plane,	into	intensity	difference.		

•  When	a	white	light	source	from	a	lamp	is	used	for	imaging,	each	
color	 will	 have	 a	 different	 op;cal	 path-length	 difference,	
thereby	producing	a	color	contrast.	This	results	in	observing	the	
object	details	in	pseudo—3-D	and	in	color	contrast	
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Phase	contrast	yields	image	intensity	values	as	a	func;on	of	
specimen	op;cal	path	length	magnitude,	with	very	dense	
regions	(those	having	large	path	lengths)	appearing	darker	
than	the	background	

In	DIC	the	op;cal	path	length	gradients	are	
primarily	responsible	for	introducing	contrast	
into	specimen	images.	Steep	gradients	in	
path	length	generate	excellent	contrast,	and	
images	display	a	pseudo	three-dimensional	
relief	shading	that	is	characteris;c	of	the	DIC	
technique.	Regions	having	very	shallow	
op;cal	path	slopes,	such	as	those	observed	
in	extended,	flat	specimens,	produce	
insignificant	contrast	and	oSen	appear	in	the	
image	at	the	same	intensity	level	as	the	
background.	
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FLUORESCENCE	MICROSCOPY		
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FLUORESCENCE	MICROSCOPY		
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CONFOCAL	MICROSCOPY		
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MULTIPHOTON	MICROSCOPY		
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OPTICAL	COHERENCE	TOMOGRAPHY		
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What	is	a	Tomography?	
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pixel 

Information about:  
•  Light and  reflectivity of a surface 

Information about:  
•  Light, surface reflectivity and 
volume transparency 

voxel 

Basic	Unit	of	Image	Informa$on	
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Shadows	detec$on	

like	x-ray	tomography	
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Image a scattering media 
 
  Scattering of photons destroys image quality 

Non scattering media 

Light	Propaga$on	in	scarering	media	

Scattering media 
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Light	Propaga$on	in	scarering	media	

Diffuse reflectance 

Diffuse transmittance 

Forward scattering 

absorption 

“snake” component 

backscattering 
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Op$cal	coherence	tomography	

ScaDering	media	

•  Noninvasive diagnostic technique 

•  coherence window 

•  only the ballistic photons are detected 

Janela	de	coerência	
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S
ig

na
l 

Optical path Demodulator and 
band pass filter 

Detector 

Broad band 
light source 

computer 

Sample 
Lateral 

scanning 
system 

Depth 
scanning 
system 

beam 
splitter 

ER	

E	 ES	

Op$cal	coherence	tomography	
Michelson	interferometer	
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Scanning	protocol	for	OCT	imaging	

i

p

e

n



2D image Formation 

1D Scan 

Scanning	protocol	for	OCT	imaging	
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3D Stack Image 2D image Formation 

1D Scan 

Scanning	protocol	for	OCT	imaging	
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OCT	–	How	it	works	
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Time	Domain	and	Fourier	Domain	
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Fig. 1 Full-field OCT optical setup. Components include: super-
luminescent diode (SLD), convex lens (L1), 50/50 beamsplitter (BS), 
camera objective (CO), CMOS-DSP camera (CAM), reference (REF) 
and sample (SMP). The camera functions as a two-dimensional 
detector array, and with the OCT technique facilitating scanning in 
depth, a non-invasive three dimensional imaging device is achieved. 

Fig. 2 Typical optical setup of single point OCT. Scanning the 
light beam on the sample enables non-invasive cross-sectional 
imaging up to 3 mm in depth with micrometer resolution. 

OCT	
	Systems	
Time	domain	
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OCT	
	Systems	
Spectral	domain	

Fig. 3 Spectral discrimination by swept-source OCT. 
Components include: swept source or tunable laser (SS), 
beamsplitter (BS), reference mirror (REF), sample (SMP), 
photodetector (PD), digital signal processing (DSP) 

2

),,(),()( zrksrkr AAkI +=
∫
∞

+=

=

0

)))((2(

)2(

)(
2
)()(

2
)()(

z

zrzkni
ss

kri
rr

dzezAkGkA

eAkGkA

⎟
⎟

⎠

⎞

⎜
⎜

⎝

⎛
++⎟

⎠

⎞
⎜
⎝

⎛= ∫ ∫∫
∞ ∞

−
∞

0 00

')'()()2cos()(21
2
)(

)( )'(2
2

z z

zzkni
ss

z
s dzdzezAzAdzknzzAkGkI

[ ] [ ] ⎟
⎠

⎞
⎜
⎝

⎛ ++⊗
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
⎟
⎠

⎞
⎜
⎝

⎛ℑ=ℑ −− ))((
8
1)(

2
1)(

2
)()(

2
11 zÂAutCorrzÂz

kG
KI sszz δ

Fig. 4 Spectral discrimination by fourier-domain OCT. 
Components include: low coherence source (G(k)), beamsplitter 
(BS), reference mirror, sample, diffraction grating and full-field 
detector (CCD) act as a spectrometer, and digital signal 
processing. 
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PS-OCT	
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Doppler-OCT	

opt_express_v11_n14_p1650_2003 
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Ophthalmology	
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Hair	fiber	characteris$cs	and	

methods	to	evaluate	hair	

physical	and	mechanical	

proper$es	
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Longitudinal 

straightening 
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Dermatology	
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Ex;nc;on	coefficient	

Control	

Sample	

>	16.1%	

>	6.1%	

µt = µa +µs

Enhancement	of	op;cal	coherence	tomography	images	and	by	gold	nanopar;cles	
in	skin	
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TOTAL	INTERNAL	REFLECTION	

FLUORESCENCE	MICROSCOPY		
	

Principles	of	
internal	reflec;on	
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NEAR-FIELD	OPTICAL	MICROSCOPY		
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Coherent	An$-Stokes	Raman	

Scarering	(CARS)	Microscopy		
	Coherent	an;-Stokes	Raman	scaDering	(abbreviated	as	CARS)	is	a	

third-	order	nonlinear	op;cal	process	that	can	produce	a	vibra;onal	
transi;on.	
For	CARS,	two	op;cal	beams	of	frequencies	n

p	
and	n

s	
interact	in	the	

sample	to	generate	an	an;-Stokes	op;cal	output	at	n
AS	

=	2n
p	
-	n

s	
in	

the	phase-matched	direc;on	(a	specific	direc;on).	The	signal	has	an	
electronic	contribu;on	(from	the	elec-	tronic	third-order	nonlinear	
op;cal	response),	but	is	resonantly	enhanced	if	n

p	
-	n

s	
coincides	with	

the	frequency	of	a	Raman	ac;ve	molecular	vibra;on	(see	Chapter	4).	
The	molecular	vibra<on	involved	in	a	CARS	signal	enhancement	can	
then	be	used	as	a	contrast	mechanism	for	bioimaging.	

CARS	(Coherent	An;-Stokes	Raman	ScaDering)	
microscopy	is	a	dye-free	method	which	images	
structures	by	displaying	the	characteris;c	
intrinsic	vibra;onal	contrast	of	their	
molecules.	The	crucial	advantage	of	this	
method	is	that	the	sample	remains	almost	
unaffected.	
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Thank	you	

for	your	aDen;on	
	

freitas.az@ipen.br	

hDps://micro.magnet.fsu.edu	
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