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I
nterference and diffraction are the important phenomena that distinguish
waves from particles.* Interference is the formation of a lasting intensity pat-
tern by two or more waves that superpose in space. Diffraction is the bending
of waves around corners that occurs when a portion of a wavefront is cut off
by a barrier or obstacle.

In this chapter, we will see how the pattern of the resulting wave can be cal-
culated by treating each point on the original wavefront as a point source,
according to Huygens’s principle, and calculating the interference pattern
resulting from these sources.

33
C H A P T E R

Have you ever wondered

if the phenomenon that produces

the bands that you see in

the light reflected off a soap bubble

has any practical applications?

(See Example 33-2.)

?
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WHITE LIGHT IS REFLECTED OFF A SOAP
BUBBLE. WHEN LIGHT OF ONE
WAVELENGTH IS INCIDENT ON A THIN
SOAP-AND-WATER FILM, LIGHT IS
REFLECTED FROM BOTH THE FRONT AND
THE BACK SURFACES OF THE FILM.
IFTHE ORDER OF MAGNITUDE OF THE
THICKNESS OF THE FILM IS ONE
WAVELENGTH OF THE LIGHT, THE TWO
REFLECTED LIGHT WAVES INTERFERE.
IFTHE TWO REFLECTED WAVES ARE 
OUT OF PHASE, THE REFLECTED WAVES
INTERFERE DESTRUCTIVELY, SO THE NET
RESULT IS THAT NO LIGHT IS
REFLECTED. IF WHITE LIGHT, WHICH
CONTAINS A CONTINUUM OF
WAVELENGTHS, IS INCIDENT ON THE
THIN FILM, THEN THE REFLECTED WAVES
WILL INTERFERE DESTRUCTIVELY
ONLY FOR CERTAIN WAVELENGTHS,
AND FOR OTHER WAVELENGTHS THEY
WILL INTERFERE CONSTRUCTIVELY.
THIS PROCESS PRODUCES THE
COLORED FRINGES THAT YOU SEE IN
THE SOAP BUBBLE. (Aaron Haupt/
Photo Researchers.)

180°

* Before you study this chapter, you may wish to review Chapter 15 and Chapter 16, where the general topics of inter-
ference and diffraction of waves are first discussed.

*

*

Diffraction - Single Slit
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UNIT 31:  INTERFERENCE AND DIFFRACTION

 
Interference of two circular waves, snapshots of absolute value of 
(real,scalar) wave field for different wave lengths and distances of point 
sources. (Wikimedia Commons)

OBJECTIVES  

1. Understand the creation of double-slit interference and single-slit 
diffraction patterns.

2. Measure slit separation using double-slit interference of He-Ne 
laser light.

3. Compare single slit diffraction patterns to double-slit patterns.

4. Examine some 2-D diffraction patterns. 

5. Construct and calibrate a portable diffraction-grating spectrometer 
and use it to examine the spectra of several light sources.

© 2008 by S. Johnson.  Adapted from PHYS 131 Optics lab #4

https://youtu.be/Iuv6hY6zsd0?t=2m17s



Polarização
• A luz é uma onda eletromagnética.

• Os campos elétrico e magnético oscilam numa direção perpendicular à da propagação 

da onda - a luz é uma onda transversal.

• A direção do campo elétrico indica-nos a polarização da luz.

• Se essa direção se mantiver constante diz-que a luz está linearmente polarizada.

Polarization

The	direction	of	the	of	the	electric	field	of	light	
gives	the	polarization	angle	of	light.	

(y-axis	polarized	light)

Most	light	comes	unpolarized		
(a	mix	of	all	directions	of	polarization)

(unpolarized	light)

luz polarizada segundo y



• Se um feixe de luz for uma “mistura” de muitos estados de polarização, diz-
que se trata de um feixe de luz não polarizada.


• A maior parte das fontes de luz produzem luz que não é polarizada, mas há 
exceções; a luz produzida por alguns lasers é polarizada!

Polarização

Polarization

The	direction	of	the	of	the	electric	field	of	light	
gives	the	polarization	angle	of	light.	

(y-axis	polarized	light)

Most	light	comes	unpolarized		
(a	mix	of	all	directions	of	polarization)

(unpolarized	light)

luz não polarizada



• A direção da polarização é dada por um vetor unitário (versor),

Polarização
Linear Polarization

�3

is a unit vector. For example: if θ is 45°ê ê =
î+ ĵp
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Polarização
• Um polarizador é um filtro que só deixa passar a componente da luz 

paralela a uma direção especial denominada eixo do polarizador.
Polarizing Filter

Polarizing	filters	select	only	component	of	light	
that	has	E	in	the	direction	of	the	transmission	axis	
of	the	filter

Ef = E0 cosθ
I f = I 0 cos

2θ

Also	reduces	the	amplitude	
of	the	electric	field…

…and	the	intensity	of	light
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• Se a luz for linearmente polarizada segundo y e o eixo do polarizador estiver alinhado 
com x a luz fica completamente bloqueada - é totalmente absorvida no filtro.
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eixo do polarizador



• A estrutura molecular do material polarizador de que é feito o filtro faz com 
que a componente do campo elétrico que é perpendicular ao eixo de 
transmissão seja absorvida.

The	molecular	structure	of	a	polarizer	causes	the	component	of	 
the	E	field	perpendicular	to	the	Transmission	Axis	to	be	absorbed.

Polarizer

�5

Polarização



Polarização
Polarizadores “paralelos”

Polarizadores “cruzados”



Polarização



Polarização

polarização 

por reflexão

polarização 

por passagem 
através de um 
filtro polarizador

polarização 

por dispersão



Interferência em filmes finos
Thin Film Interference



Interference

Constructive	Interference

Two	waves	align,	and	the	peaks	add	to	
make	a	larger	amplitude	wave

Destructive	Interference

Two	waves	anti-align	and	
add	to	zero	amplitude

Interferência
Interferência construtiva Interferência destrutiva



Interferência em filmes finosThin Film Interference

(1)	Beam	Travels	in
(1)	Incident	Ray

(2)	Reflected	Ray	
(Off	Top	Surface)

(3)	Refracted	Ray

(2)	Beam	reflects	off	
of	top	surface

(3)	Beam	reflects	off	
of	bottom	surface

If	the	total	film	is	the	
thickness	of	an	integer	

number	of	wavelengths…	

…Constructive	Interference!

2D =mλ2D = m λ

m=1,2,3…

n1

n2D



Thin Film Interference

(1)	Beam	Travels	in
(1)	Incident	Ray

(2)	Reflected	Ray	
(Off	Top	Surface)

(3)	Refracted	Ray

(2)	Beam	reflects	off	
of	top	surface

(3)	Beam	reflects	off	
of	bottom	surface

If	the	total	film	is	the	
thickness	of	an	integer	
number	of	wavelengths	
plus	½	wavelength…	

…Destructive	Interference!

2D = (m—1/2) λ

m=1,2,3…

n1

n2

<latexit sha1_base64="QPI5Cn6ohOiF8pNr/aUi5aD5V2I="></latexit>

2d = (m� 1/2)�, m = 1, 2, 3, . . .Há interferência destrutiva se

Interferência em filmes finos



Bridge Question 2 Explanation

Hard		
Reflection

nwater	=	1.34

noil	=	1.47
Hard		

Reflection

Constructive		
Interference!

Incident	Ray

Reflected	Ray	
(Off	Top	Surface)

Refracted	Ray

Case	C:
Interferência em filmes finos

Os 

Os raios refletidos na interface água/óleo e óleo/asfalto sofrem inversão de fase

água

óleo
reflexão 1

reflexão 2

Há inversão de fase na reflexão na interface 1,2 se n2 > n1.



Difração
Diffraction

As	light	goes	through	a	slit	it	spreads	out	like	a	wave	

Light	from	different	parts	of	
the	slit	interfere	to	create	
interference	patterns	

Constructive	
Interference	

Destructive	
Interference	

Angle	of	dark	fringes:	 sin ✓ =
m�

w
Ângulos em que se formam 

bandas escuras:

Interferência construtiva

Interferência destrutiva

Luz proveniente de várias partes da 
fende interfere, originando um padrão 
de difração.

Diffraction

As	light	goes	through	a	slit	it	spreads	out	like	a	wave	

Light	from	different	parts	of	
the	slit	interfere	to	create	
interference	patterns	

Constructive	
Interference	

Destructive	
Interference	

Angle	of	dark	fringes:	 sin ✓ =
m�

w

Diffraction

As	light	goes	through	a	slit	it	spreads	out	like	a	wave	

Light	from	different	parts	of	
the	slit	interfere	to	create	
interference	patterns	

Constructive	
Interference	

Destructive	
Interference	

Angle	of	dark	fringes:	 sin ✓ =
m�

w

écrã

fenda
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Single SlitWhy the Dark Bands?

Consider the path-lengths well away
from the centre axis
For any wavelet it is possible to find a
partner which is a/2 away.
If the path difference between
partners happens to be �/2 then this
pair will create total destructive
intereference. A dark band will be
created.
For any given wavelength there will
be an angle for which this condition is
true! There will always be dark
bands, as long as a is greater than �
and the slit is narrow.
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Difração
O raio 2 tem de percorrer uma distância adicional de 
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comparativamente ao raio 1. Idem para os pares 
3,4 e 5,6.


Se 

A interferência será destrutiva, o mesmo 
acontecendo, em geral, sempre que 

<latexit sha1_base64="Z7JNnX3eHqTyh0sJiOTmQ5ALSzI=">AAACJnicbZDLSgMxFIYz3q23qks3wSK4KjMi1Y0gunGpYFXolHImPWNDM5khOSOUYV7B5/AB3OojuBNx587XML0svB0I/Pz/OTnJF2VKWvL9d29qemZ2bn5hsbK0vLK6Vl3fuLJpbgQ2RapScxOBRSU1NkmSwpvMICSRwuuofzrMr+/QWJnqSxpk2E7gVstYCiBndaq7YWxAFFAWe2VopQ6phwT8aGyHyt3UHYWdas2v+6Pif0UwETU2qfNO9TPspiJPUJNQYG0r8DNqF2BICoVlJcwtZiD6cIstJzUkaNvF6Ecl33FOl8epcUcTH7nfJwpIrB0kketMgHr2dzY0/8taOcWH7ULqLCfUYrwozhWnlA/x8K40KEgNnABhpHsrFz1wLMhB/LElMtBHKisVRyb4zeGvuNqrB41642K/dnwyYbTAttg222UBO2DH7IydsyYT7J49sif27D14L96r9zZunfImM5vsR3kfX1zwpoU=</latexit>

a

2
sin ✓ =

�

2

<latexit sha1_base64="JuzcYfaveUceq9tZPklDPf6I3qM="></latexit>

a sin ✓ = m� m = ±1,±2,±3, . . .



Difração
Padrão de difração por uma fenda retangular



• Se a o ecrã estiver a grande distância da fenda, os ângulos serão 
pequenos e podemos usar a aproximação                    e, portanto,     

Difração

<latexit sha1_base64="N1TiQ/EDoplekVau2RsCbB+fxCQ=">AAACFHicbZBLSgNBEIZ7fMb4GhXcuGkMgqswIxJdBt24jGAekITQ06kkTXp6hu4aIYy5hgdwq0dwJ27dewKvYSeZhUn8oeDjryqq+INYCoOe9+2srK6tb2zmtvLbO7t7++7BYc1EieZQ5ZGMdCNgBqRQUEWBEhqxBhYGEurB8HbSrz+CNiJSDziKoR2yvhI9wRlaq+Met4xQLRwAMmoxpDPuuAWv6E1Fl8HPoEAyVTruT6sb8SQEhVwyY5q+F2M7ZRoFlzDOtxIDMeND1oemRcVCMO10+v+YnlmnS3uRtqWQTt2/GykLjRmFgZ0MGQ7MYm9i/tdrJti7bqdCxQmC4rNDvURSjOgkDNoVGjjKkQXGtbC/Uj5gmnG0kc1dCTQbAo7zeZuMv5jDMtQuin6pWLq/LJRvsoxy5IScknPikytSJnekQqqEkyfyQl7Jm/PsvDsfzudsdMXJdo7InJyvXyT6nnk=</latexit>

sin ✓ ⇠ ✓

<latexit sha1_base64="xbVr3xdlabodtKexvq1bqmrgoOM="></latexit>

✓ ⇠ m
�

a
, m = ±1,±2,±3, . . .

• A largura      da banda central luminosa quando o ecrã 
está à distância     da fenda é    

<latexit sha1_base64="nWjc7ZtDg8AJxpIWIZVWYvBlkc8=">AAACHHicbVDLSgNBEJz1bXxFPQoyGARPYVdEvQiiHjx4UDBGyIbQO+lNhsw+mOkVwrI3v8MP8Kqf4E28Cn6Bv+Ek5mDUgoGiqovuqSBV0pDrfjgTk1PTM7Nz86WFxaXllfLq2o1JMi2wJhKV6NsADCoZY40kKbxNNUIUKKwHvdOBX79DbWQSX1M/xWYEnViGUgBZqVXe9M9QEfAj7ocaRL7rKxtuA7/gRQ5Fq1xxq+4Q/C/xRqTCRrhslT/9diKyCGMSCoxpeG5KzRw0SaGwKPmZwRREDzrYsDSGCE0zH/6j4NtWafMw0fbFxIfqz0QOkTH9KLCTEVDX/PYG4n9eI6PwsJnLOM0IY/G9KMwUp4QPSuFtqVGQ6lsCQkt7KxddsH2QrW5sS6Chh1SUSrYZ73cPf8nNbtXbr+5f7VWOT0YdzbENtsV2mMcO2DE7Z5esxgS7Z4/siT07D86L8+q8fY9OOKPMOhuD8/4F4y6g4Q==</latexit>

� =
2�L

a

<latexit sha1_base64="qJdgSZCiNLoGxFcL8cG5m+RmEWM=">AAAB/XicbVBNS8NAEN3Urxq/qh69BIvgqSQi1WPRiwcPLdhaaEPZbCft0s0m7E6EEoo/wKv+BG/i1d/iL/BvuG1zsK0PBh7vzTAzL0gE1+i631ZhbX1jc6u4be/s7u0flA6PWjpOFYMmi0Ws2gHVILiEJnIU0E4U0CgQ8BiMbqf+4xMozWP5gOME/IgOJA85o2ikxn2vVHYr7gzOKvFyUiY56r3ST7cfszQCiUxQrTuem6CfUYWcCZjY3VRDQtmIDqBjqKQRaD+bHTpxzozSd8JYmZLozNS/ExmNtB5HgemMKA71sjcV//M6KYbXfsZlkiJINl8UpsLB2Jl+7fS5AoZibAhliptbHTakijI02SxsCRQdAU5s2yTjLeewSloXFa9aqTYuy7WbPKMiOSGn5Jx45IrUyB2pkyZhBMgLeSVv1rP1bn1Yn/PWgpXPHJMFWF+/RVWVUw==</latexit>

L

Single SlitThe Width of the Bands

It can be useful to express the fringe
position in distance rather than angle.
The position on the screen is given by
yp = L tan�p. This leads to

yp =
p⇥L

a
,p = 1,2,3, . . .

The width of the central maximum is give
by twice the distance to the first dark
fringe

w =
2⇥L

a
It is important to note that: 1) the width
grows if the screen is farther away 2) A
thinner slit makes a wider central
maximum.
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<latexit sha1_base64="GXKDeh8W3veMK/SBGhnd1VvwDmA=">AAACAnicbVDLSgNBEJz1GddX1KOXwSB4Crsi0WNQDx4jmAckS5id9CZjZh/M9Aphyc0P8Kqf4E28+iN+gb/hJNmDSSxoKKq66e7yEyk0Os63tbK6tr6xWdiyt3d29/aLB4cNHaeKQ53HMlYtn2mQIoI6CpTQShSw0JfQ9Ic3E7/5BEqLOHrAUQJeyPqRCARnaKRG5xYksm6x5JSdKegycXNSIjlq3eJPpxfzNIQIuWRat10nQS9jCgWXMLY7qYaE8SHrQ9vQiIWgvWx67ZieGqVHg1iZipBO1b8TGQu1HoW+6QwZDvSiNxH/89opBldeJqIkRYj4bFGQSooxnbxOe0IBRzkyhHElzK2UD5hiHE1Ac1t8xYaAY9s2ybiLOSyTxnnZrZQr9xel6nWeUYEckxNyRlxySarkjtRInXDySF7IK3mznq1368P6nLWuWPnMEZmD9fULLEOXfw==</latexit>

�



Imaging

Larger	Diameter	Aperture

sinθR =1.22
λ
D

Smaller	Angle	of	Dark	Spots

Higher	Resolution!

Difração - fenda circular

<latexit sha1_base64="2nIWqKlqlZaTCrur8PjXwvoXkNA=">AAACIXicbVDLSgMxFM34tr6qLt0Ei+CqzBSpbgRRFy4VrAqdInfSOzY0kxmSO0IZ5gP8Dj/ArX6CO3EnfoC/YVq78HUgcDjn3NzkRJmSlnz/zZuYnJqemZ2brywsLi2vVFfXLmyaG4EtkarUXEVgUUmNLZKk8CozCEmk8DLqHw39y1s0Vqb6nAYZdhK40TKWAshJ19VaaKUOqYcEfJ8H9UaDh7EBUYTKXdKFsjguXcqv+yPwvyQYkxob4/S6+hF2U5EnqEkosLYd+Bl1CjAkhcKyEuYWMxB9uMG2oxoStJ1i9JmSbzmly+PUuKOJj9TvEwUk1g6SyCUToJ797Q3F/7x2TvFep5A6ywm1+FoU54pTyofN8K40KEgNHAFhpHsrFz1wXZDr78eWyEAfqaxUXDPB7x7+kotGPWjWm2c7tYPDcUdzbINtsm0WsF12wE7YKWsxwe7YA3tkT9699+y9eK9f0QlvPLPOfsB7/wTKCKLt</latexit>

sin ✓ = 1.22
�

D



Interferência: fenda dupla

Figure 14.2.2 shows the ways in which the waves could combine to interfere 
constructively or destructively.  
  

   
Figure 14.2.2 Constructive interference (a) at P, and (b) at P1. (c) Destructive 
interference at P2.  
 
The geometry of the double-slit interference is shown in the Figure 14.2.3. 
 

 
 

Figure 14.2.3 Double-slit experiment 
 
Consider light that falls on the screen at a point P  a distance  from the point O  that 
lies on the screen a perpendicular distance L  from the double-slit system. The two slits 
are separated by a distance d. The light from slit 2 will travel an extra distance 

y

2 1r rδ = −  
to the point P  than the light from slit 1. This extra distance is called the path difference. 
From Figure 14.2.3, we have, using the law of cosines,   
 

 
2 2

2 2 2
1 cos sin

2 2 2
d dr r dr r drπ θ θ⎛ ⎞ ⎛ ⎞ ⎛ ⎞= + − − = + −⎜ ⎟ ⎜ ⎟ ⎜ ⎟

⎝ ⎠ ⎝ ⎠ ⎝ ⎠
 (14.2.1) 

 
and  

 
2 2

2 2 2
2 cos sin

2 2 2
d dr r dr r drπ θ θ⎛ ⎞ ⎛ ⎞ ⎛ ⎞= + − + = + +⎜ ⎟ ⎜ ⎟ ⎜ ⎟

⎝ ⎠ ⎝ ⎠ ⎝ ⎠
 (14.2.2) 

 
 
Subtracting Eq. (142.1) from Eq. (14.2.2) yields 
 

 14-5

Young’s Double-Slit Fringe Intensity

Idouble = 4I1 cos2
✓⇥d
�L

y
◆

Neil Alberding (SFU Physics) Physics 121: Optics, Electricity & Magnetism Spring 2010 9 / 1

Há interferência construtiva sempre que
<latexit sha1_base64="Wu9T3qU/tdMMs40TAzDQE8JK6f4="></latexit>

d sin ✓ = n�, n = 0,±1,±2, . . .



 

 1 2 3 0 0

0

2 cos sin( ) sin( )
(1 2cos )sin( )

E E E E E t E t
E t

φ ω φ ω φ
φ ω φ

= + + = + + +
= + +

 (14.3.20) 

 
where 2 sin /dφ π θ= λ . The intensity is proportional to 2E : 
 

 ( ) ( ) (
2

2 22 2 0
0 1 2cos sin 1 2cos

2
EI E t )φ ω φ φ∝ + + = +  (14.3.21) 

 
where we have used ( )2sin 1/ 2tω φ+ = . The maximum intensity 0I  is attained when 
cos 1φ = . Thus,  
 

 ( )2

0

1 2cos
9

I
I

φ+
=  (14.3.22) 

 
which implies 
 

 ( )
2

20 0 2 sin1 2cos 1 2cos
9 9
I I dI π θφ

λ
⎡ ⎤⎛= + = + ⎜

⎞
⎟⎢ ⎥⎝ ⎠⎣ ⎦

 (14.3.23) 

 
(b) The interference pattern is shown in Figure 14.3.4. 
 

 
 
From the figure, we see that the minimum intensity is zero, and occurs when 
cos 1/ 2φ = − . The condition for primary maxima is cos 1φ = + , which gives . In 
addition, there are also secondary maxima which are located at 

0/I I =1
cos 1φ = − . The condition 

implies (2 1) ,m  φ π= + or sin / ( 1/ 2),  0, 1, 2,...d m mθ λ = + = ± ±  The intensity ratio is 
.  0/ 1/I I = 9

 
 

 14-12

Interferência: fenda dupla

Máximos primários:
<latexit sha1_base64="Wu9T3qU/tdMMs40TAzDQE8JK6f4="></latexit>

d sin ✓ = n�, n = 0,±1,±2, . . .

Máximos secundários:
<latexit sha1_base64="DPu40dWN5k9gH3iA5qb3VjBNo2o="></latexit>

d sin ✓ = (m+ 1)
�

2
, m = 0,±1,±2, . . .

máximo principal

máximo secundário



Rede de difração

 
 

Figure 14.8.1 Diffraction grating 
 
 
If we assume that the incident light is planar and diffraction spreads the light from each 
slit over a wide angle so that the light from all the slits will interfere with each other. The 
relative path difference between each pair of adjacent slits is sindδ θ= , similar to the 
calculation we made for the double-slit case. If this path difference is equal to an integral 
multiple of wavelengths then all the slits will constructively interfere with each other and 
a bright spot will appear on the screen at an angle θ . Thus, the condition for the principal 
maxima is given by 
 
 sin , 0, 1, 2, 3, ...d m mθ λ= = ± ± ±  (14.8.1) 
 
If the wavelength of the light and the location of the m-order maximum are known, the 
distance  between slits may be readily deduced.  d
 
The location of the maxima does not depend on the number of slits, N. However, the 
maxima become sharper and more intense as N is increased. The width of the maxima 
can be shown to be inversely proportional to N. In Figure 14.8.2, we show the intensity 
distribution as a function of / 2β  for diffraction grating with 10N = and . Notice 
that the principal maxima become sharper and narrower as increases.  

30N =
N

 

(a) (b) 
 
Figure 14.8.2 Intensity distribution for a diffraction grating for (a)  and (b) 

. 
10N =

30N =

 14-21

<latexit sha1_base64="d8tn9QtUctBMUA5kY9RjLJaEhHM=">AAACJHicbVDLSgMxFM34tr6qLt0Ei+KqzIhUN4LoxqWCVaFTyp30jg3NZIbkjlCG+QO/ww9wq5/gTly4cetvmNYufB0IHM45Nzc5UaakJd9/8yYmp6ZnZufmKwuLS8sr1dW1S5vmRmBTpCo11xFYVFJjkyQpvM4MQhIpvIr6J0P/6haNlam+oEGG7QRutIylAHJSp7odRkjAD3kYGxDFbpjJsgiVu6ALZWilDqnnAp1qza/7I/C/JBiTGhvjrFP9CLupyBPUJBRY2wr8jNoFGJJCYVkJc4sZiD7cYMtRDQnadjH6T8m3nNLlcWrc0cRH6veJAhJrB0nkkglQz/72huJ/Xiun+KBdSJ3lhFp8LYpzxSnlw3J4VxoUpAaOgDDSvZWLHrhiyFX4Y0tkoI9UViqumeB3D3/J5W49aNQb53u1o+NxR3Nsg22yHRawfXbETtkZazLB7tgDe2RP3r337L14r1/RCW88s85+wHv/BPwlpUM=</latexit>

� =
2⇡

�
sin ✓

<latexit sha1_base64="dX2mTFDo/OdNqAX2ry3Xq3PwDAg=">AAACAXicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6EUIevEkEdwkkCxhdjKbDJl9MNMrhCUnP8CrfoI38eqX+AX+hpNkDyaxoKGo6qa7y0+k0Gjb39bK6tr6xmZhq7i9s7u3Xzo4bOg4VYy7LJaxavlUcyki7qJAyVuJ4jT0JW/6w9uJ33ziSos4esRRwr2Q9iMRCEbRSO79NXHsbqlsV+wpyDJxclKGHPVu6afTi1ka8giZpFq3HTtBL6MKBZN8XOykmieUDWmftw2NaMi1l02PHZNTo/RIECtTEZKp+ncio6HWo9A3nSHFgV70JuJ/XjvF4MrLRJSkyCM2WxSkkmBMJp+TnlCcoRwZQpkS5lbCBlRRhiafuS2+okOO42LRJOMs5rBMGucVp1qpPlyUazd5RgU4hhM4AwcuoQZ3UAcXGAh4gVd4s56td+vD+py1rlj5zBHMwfr6BQ6Dljs=</latexit>

N = 10
<latexit sha1_base64="dmlJCy0vrOmbooV/JCykRWezHII=">AAACAXicbVDLSsNAFJ3UV42vqks3g0VwVRKV6kYounElFUxbaEOZTG/aoZNJmJkIJXTlB7jVT3Anbv0Sv8DfcNpmYVsPXDiccy/33hMknCntON9WYWV1bX2juGlvbe/s7pX2DxoqTiUFj8Y8lq2AKOBMgKeZ5tBKJJAo4NAMhrcTv/kEUrFYPOpRAn5E+oKFjBJtJO/+Gp873VLZqThT4GXi5qSMctS7pZ9OL6ZpBEJTTpRqu06i/YxIzSiHsd1JFSSEDkkf2oYKEoHys+mxY3xilB4OY2lKaDxV/05kJFJqFAWmMyJ6oBa9ifif1051eOVnTCSpBkFni8KUYx3jyee4xyRQzUeGECqZuRXTAZGEapPP3JZAkiHosW2bZNzFHJZJ46ziVivVh4ty7SbPqIiO0DE6RS66RDV0h+rIQxQx9IJe0Zv1bL1bH9bnrLVg5TOHaA7W1y8Rt5Y9</latexit>

N = 30



Difração de raios-X
• Um cristal atua como uma rede de difração para radiação eletromagnética de 

comprimento de onda muito curto, os raiosX

<latexit sha1_base64="885EUcAYeEntrhp7S2WV5BRRkNc=">AAACFXicbVDLSgNBEJyNrxhfUQ8evAwGwVPYDaJeBNGLxwhGA9kQemc7Zsjs7DLTK4SQ7/ADvOoneBOvnv0Cf8NJzEGjBQNFVTXdU1GmpCXf//AKc/MLi0vF5dLK6tr6Rnlz68amuRHYEKlKTTMCi0pqbJAkhc3MICSRwtuofzH2b+/RWJnqaxpk2E7gTsuuFEBO6pR3dKhcOgZ+ymtxaKUOqYcEnXLFr/oT8L8kmJIKm6LeKX+GcSryBDUJBda2Aj+j9hAMSaFwVApzixmIPtxhy1ENCdr2cPKBEd93Ssy7qXFPE5+oPyeGkFg7SCKXTIB6dtYbi/95rZy6J+2h1FlOqMX3om6uOKV83AaPpUFBauAICCPdrVz0wIAg19mvLZGBPtKoVHLNBLM9/CU3tWpwVD26OqycnU87KrJdtscOWMCO2Rm7ZHXWYIKN2CN7Ys/eg/fivXpv39GCN53ZZr/gvX8BIjieag==</latexit>

n� = 2d sin ✓




