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Experimento 3: Difração da Luz por Fendas 
!

2.3.1 Objetivos 

9 8D-C$',!'!N&PC,'!$.!$&N,'QA#!$'!ECR!1#6#H,#1S-&H'!K#,!C1'!N.6$'!N&6'!.1!NC6QA#!$'!
E',PC,'!$'!N.6$' 2!

9 8D-C$',!'!N&PC,'!$.!&6-.,N.,T6H&'!.!$&N,'QA#!$'!ECR!1#6#H,#1S-&H'!K#,!%S,&'D!N.6$'D!
K','E.E'D!.!&$T6-&H'D!.1!NC6QA#!$'!UC'6-&$'$.!$.!N.6$'D!.!$#!.DK'Q'1.6-#!.6-,.!
.E'D2!

9 8D-C$',!'!N&PC,'!$.!$&N,'QA#!$'!ECR!O,'6H'2!

!

2.3.2 Materiais Necessários 

9 V1'!N#6-.!$.!ECR!O,'6H'!H#1!E.6-.!'H#KE'$'! !

9 V1!E'R.,!$.!ECR!%.,1.EJ' !

9 V1'!-.E'!H#1!+!W!:/!>!.!)*!N.6$'D!$.!.DK'Q'1.6- #!&$T6-&H#!.6-,.!.E'D2!

9 V1'!-.E'!H#1!N.6$'D!$CKE'D!H#1!.DK'Q'1.6-#D!$.!*/:X!*/?X!.!*/3!11!.6-,.!.E'D2!Y!
'O.,-C,'!$'D!N.6$'D!DA#!&$.6-&H'D!

9 V1'!-.E'!H#1!N.6$'D!Z6&H'D!.!'O.,-C,'D!$.!*/)X!*/:!.!*/<!11!.6-,.!.E'D2 !

9 ".$.!$.!$&N,'QA#!H#1!)***!N.6$'D 2!

9 "[PC'!1&E&1.- ,'$'2 !

!

2.3.3 Fundamentação Teórica 

Y!\-&H'!P.#1[-,&H'!H#6D&$.,'!#D!H'D#D!.1!UC.! '!ECR!D.!K,#K'P'!.1!N.&].D!K','E.E#D!
$.!,'&#D!.!.6H#6-,'!#O^.-#D!HC^'D!$&1.6D_.D!DA#!1C&-#!1'&#,.D!$#!UC.!#!D.C!H#1K,&1.6-#!
$.!#6$'2!+.D-.!$#1F6&#/!&6HEC&=D.!#!.D-C$#!$'D!K,#K,&.$'$.D!$#D!.DK.EJ#D!.!$'D!E.6-.D2!!Y!
.]K.,&T6H&'!1#D-,'/!.6-,.-'6-#/!UC.!'!ECR!'#! '-,'%.DD', !#OD-SHCE#D!1C&-#!N&6#D/!H#1K',S%.&D!
'#!H#1K,&1.6-#!$.!#6$'!$'!ECR/!K'DD'!'!'K,.D.6-',!DC'D!K,#K,&.$'$.D!#6$CE'-\,&'D/!UC.![!#!
H'D#! $'! $&N,'QA#! K#,! N.6$'D! N&6'D2! Y! $&N,'QA#! [! #! $.D%&#! #C! $&DK.,DA#! $.! #6$'D! UC.!
.6H#6-,'1!C1!#O^.-#!.1!D.C!H'1&6J#2!Y!#OD.,%'QA#!.]K.,&1.6-'E!$'!$&N,'QA#!$'!ECR!D.!$S!
UC'6$#! C1! N.&].! $.! #6$'D! H#.,.6-.D! `UC'6$#! 'D! '1KE&-C$.D! $'D! #6$'D! .! DC'D! N'D.D! DA#!
H#6D-'6-.D! 6#! -.1K#a! '-,'%.DD'! C1'! 'O. ,-C,'! 1C&-#! N&6'! ./! C1! .DK'EJ'1.6-#! $.! ECR! [!
#OD.,%'$#!.1!-#$'D!'D!$&,.Q_.D2!8D-.!H'D#!.D-S!&ECD-,'$#!6'!b&PC,'!)2!
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!

b&PC,'!) !�±!&ECD-,'QA#!$'!$&N,'QA#!$'!ECR!K#,!C1'!N.6$'!N&6'!

!

     Parte 1 - Difração por fenda única 

! 7#6D&$.,.!UC.!#!#OD-SHCE#!-.6J'!N#,1'!$.!C1'!N.6$'!N&6'2!Y!ECR/!'K\D!D.,!$&N,'-'$'!
K.E'!N.6$'/!D.,S!N#,1'$'!K.E'!DCK.,K#D&QA#!$.!DCK.,NFH&.D!.DN[,&H'D!'E&6J'$'D!.!.Uc&$&D-'6-.D!
$'!N.6$'/!H#6N#,1.!'!b&PC,'!)2!V1!K#6-#!9!UC'EUC.,!.1!C1!'6-.K',#!$&D-'6-.!.!K','E.E#!d!
N.6$'!,.H.O.,S!'D!#6$'D!.DN[ ,&H'D!K,#$CR&$'D!'#!E#6P#!$'!'O.,-C,'!$'!N.6$'2!8D-'D!#6$'D!D.!
&6-.,N.,&,A#! .! K,#$CR&,A#! '! HJ'1'$' ! N&PC,'! $.! $&N,'QA#2! V1'! &ECD-,'QA#! $.D-.! N.6G1.6#! [!
'K,.D.6-'$'!6'!b&PC,'! :/!#6$.!#D!,'&#D!UC.!K',-.1!$'!N.6$'/!$.! 'O.,-C,'! ' /!D.!&6-.,N.,.1!
.1! C1! K#6-#! 9! $# ! '6-.K',#! '! C1'! $&D-56H&'! e2! Y! .]K.,&T6H&'! 1#D-,'! UC.! 6'! N&PC,'! $.!
$&N,'QA#!.]&D-.1!K#6-#D!H#1!&6-.6D&$'$.!1F6&1'! .!1S]&1'/!$.K.6$.6$#!D.! '!&6-.,N.,T6H&'!
$'D! #6$'D! EC1&6#D'D! UC.! &6H&$.1! .1! 9! [! H#6D-,C-&%'! #C! $.D-,C-&%'2! Y! b&PC,'! <! [! C1'!
&1'P.1!$.!$&N,'QA#/!K,#$CR&$'!K#,!C1'!Z6&H'!N.6$'/!UC'6$#!C1'!ECR!1#6#H,#1S-&H'!$.!C1!
E'D.,!&6H&$.!D#O,.!C1'!N.6$'2!!

9','! .]KE&H',! #D! K#6-#D! $.! 1F6&1'! &6-.,N.,T6H&'/! H#6D&$.,'=D.! C1! '6-.K',#! '! C1'!
$&D-56H&'!e2! @.! '! $&D-56H&'!e /! $#! '6-.K',#! '! N.6$'! N#,! 1C&-#! 1'&#,! UC.! ' ! 'O.,- C,'! ' ! $'!
N.6$'/!#D!,'&#D!UC.!.1.,P.1!$'!N.6$'!D.,A#!K,'-&H'1.6-.!K','E.E#D2! !

! 7#6D&$.,.!�T�X�H���Ç�����Q�D���)�L�J�X�U�D���������V�H�M�D���W�D�O���T�X�H���D���G�L�I�H�U�H�Q�o�D���H�Q�W�U�H���R�V���F�D�P�L�Q�K�R�V���S�H�U�F�R�U�U�L�G�R�V��
�S�H�O�R�V���U�D�L�R�V�������H�������V�H�M�D���Ê���������R�Q�G�H���Ê���p���R���F�R�P�S�U�L�P�H�Q�W�R���G�H���R�Q�G�D���G�D���O�X�]���P�R�Q�R�F�U�R�P�i�W�L�F�D���T�X�H���L�Q�F�L�G�H��
.1 !C1!K#6-#!9!6#!'6-.K',#2!e.D-'!N#,1'/!#!%'E.!$.!C1'!$'D!#6$'D!&,S!H#&6H&$&,!H#1!'!H,&D-'!
$'!#C-,' !`%.^'!&6-.,N.,T6H&'!$.!#6$'D!.1!f'EE&$'g!".D6&H0/!%#E!:a/!J'%.6$#!C1'!&6-.,N.,T6H&'!
$.D-,C-&%'! 6C1! K#6-#! $#! '6-.K',#2! ! hOD.,%'=D.! 6.D-'! N&PC,'/! K','! .D-.D! ,'& #D/! UC.! '!
$&N.,.6Q'!$.!H'1&6J#!.6-,.! .E.D![!$'$#!K#,!`'L:aD.6 ! �Ç���� �8�P�� �U�D�L�R�� �P�X�L�W�R�� �S�U�y�[�L�P�R���� �D�E�D�L�[�R�� �G�R��
,'&#!)/!-'1O[1!D.!&6-.,N.,&,S!$.D-,C-&%'1.6-.!H#1!C1!,'&#!1C&-#!K,\]&1#!.!'O'&]#!$#!,'&#! : 2!
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!

b&PC,'!: ! �±!i&D-'!$.!H#,-.!$.!$#&D!,'&#D!$.!UC.!K',-.1!$.!C1'!N.6$'!.!HJ.P'1!.1!C1!K#6-#!$#!
'6-.K',# 2!+.D-'!b&PC,'/!e ! [!'!$&D-56H&'!$#!'6-.K',#!d!N.6$'/! ' ! [!'!'O.,-C,'!$'!N.6$'!.! g![!'!
$&D-56H&'!$#!K#6-#!$.!&6-.,N.,T6H&'!d!N.6$'2!

!

!

b&PC,'!<=!b&PC,'!$.!$&N,'QA#!$.!C1'!N.6$'!Z6&H'!K,#$CR&$'!.1!C1!'6-.K',#2 !

!

! @.PC&6$#! .D-.! ,'H&#HF6&#! K','! -#$#D! #D! ,'&#D/! HC^'D! $&N.,.6Q'D! $.! H'1&6J#!D.^'!
`'L:aD.6 !�Ç�����W�H�P�R�V���X�P���P�t�Q�L�P�R���Q�X�P���S�R�Q�W�R���G�R���D�Q�W�H�S�D�U�R�����G�D�G�R���S�H�O�D���F�R�Q�G�L�o�m�RI!

 
 
      

 
 
             !

! #C!

                !

! hOD.,%'=D.! UC.! UC'6$#! ' ! ������ �Ê���� �R�� �k�Q�J�X�O�R���Ä! D.! 'K,#]&1'! $.! ;* #/! &EC1&6'6$#!
C6&N#,1.1.6-.!#!'6-.K',#2 !

+'! b&PC,'!>/! ,.K,.D.6-' =D.! 'P#,' ! ?! ,'&#D!.1.,P&6$#!$'!N.6$'! .!&6-.,N.,&6$#!.1!C1!
�S�R�Q�W�R���3�¶�����G�L�I�H�U�H�Q�W�H���G�R���S�R�Q�W�R���3��!
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!

!

!

!

!

!

!

!

!

!

!

!

!

b&PC,'!?=! jECD-,'Q_.D!$.!$#&D!,'&#D!EC1&6#D#D!UC.!K',-.1!$.!C1'!N.6$'!$.!'O.,-C,'!'!.!D.!&6-.,N.,.1!
.1!C1!K#6-#!9!$#!'6-.K',#2!Y!$&N.,.6Q'!$.! �F�D�P�L�Q�K�R���p���L�Q�G�L�F�D�G�D���S�R�U���Ê����2!

!

! �1�R�Y�D�P�H�Q�W�H�����V�H���R���k�Q�J�X�O�R���Ç�¶/![!-'E!UC.!#!K',!$.!,'&#D!`) �¶/!: �¶a!.D-.^'!1.&#!H#1K,&1.6-#!
$.! #6$'! $.N'D'$#D/! 'DD&1! H#1#! #! K',! `</?a/! J'%. ,S! C1'! &6-.,N.,T6H&'! $.D-,C-&%'! $.D-.D!
�U�D�L�R�V�����Q�X�P���S�R�Q�W�R���3�¶���G�R���D�Q�W�H�S�D�U�R�����'�D���P�H�V�P�D���I�R�U�P�D�����R�V���U�D�L#D!&1.$&'-'1.6-.!'O'&]#!$.!H'$'!
,'&#! ) �¶/! : �¶/! <! .! ?/! &6-.,N.,&,A#! $.D-,C-&%'1.6-.! '#D! K',.D! .! 6#%'1.6-./! C1! 1F6&1#! D.!
�H�V�W�D�E�H�O�H�F�H�U�i�����H�P���X�P���S�R�Q�W�R���3�¶���G�R���D�Q�W�H�S�D�U�R�����V�HI!!

!

 
 
      

 
 
  !

! !!!!!!!! #C!!

         !

!

! !

λ/ !

1 

2 
"#$!

θ!

θ!%&'()*!

"#$!
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@.!'P#,'/!J#C%., !:1!,'&#D !`b&PC,'!>a/!#6$.!1![! C1!6Z1.,#!&6-.&,# /!'!H#6$&QA#!P.,'E!
K','!#D!1F6&1#D!-.1!'!N#,1' I!

 
  

      
 
 
!

!

#C!
!

        !!!!             !

!

!

!

!

!

!

!

!

!

!

!

!

!

!

b&PC,'!>=!jECD-,'QA#!$.!$#&D!K',.D!k`)/:a!.!`</?al!$.!,'&#D!EC1&6#D#D!UC.!K',-.1!$.!C1'!N.6$'!$.!
'O.,-C,'! ' ! �H���V�H���L�Q�W�H�U�I�H�U�H�P���H�P���X�P���S�R�Q�W�R���3�¶���G�R���D�Q�W�H�S�D�U�R�����$���G�L�I�H�U�H�Q�o�D���G�H���F�D�P�L�Q�K�R���p���L�Q�G�L�F�D�G�D���S�R�U���Ê������!

"#+!

λ/ !

1’ 

2’ 

3 

4 
"#$!

Θ’!

Θ’!

%&'()*!

9#6-#D!$.!1F6&1#!

"#$!
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!

7#1#! '! &6-.6D&$'$.! $.! H'$'! 1S]&1#! %',&'! H#1! '! $&D-56H&'! $#! K#6-#! H.6-,'E! $#!
'6-.K',#m! Y! HC,%'! $.&-'$'! 6'! b&PC,'! 3! [! C1! P,SN&H#! $.! H#1#! &6-.6D&$'$.! $#D! K#6-#D! 6'!
$&N,'QA#!$.!N.6$'!Z6&H'/!%',&'!.1!NC6QA#!$#!56PCE#!$.!'O.,-C,'!�Ã2!e.1#6D-,' =D.!UC./!D.6$#!
j #! '! &6-.6D&$'$.! EC1&6#D'! 6#! K#6-#! H.6-,'E! `#! 1'&D! O,&EJ'6-.a/! '! &6-.6D&$'$.! EC1&6#D'! .1!
C1'!K#D&QA#!g!`-'E!UC.!gLe!nn)a!D#O,.!#!'6 -.K',#![!$'$'!K.E'!NC6QA# I!!
!

      
    
 

 
 
!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!#6$.! ! !
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!

!

b&PC,'!3=! jECD-,'QA#! $'! $&N,'QA#! $'! ECR! K#,! C1'! N.6$'! $.! 'O.,-C,'! ' 2! YHC,%'! &ECD-,'! #D! K#6-#D! $.!
1S]&1'!.!1F6&1'!&6-. �U�I�H�U�r�Q�F�L�D���G�R�V���U�D�L�R�V���O�X�P�L�Q�R�V�R�V���H�P���I�X�Q�o�m�R���G�R���k�Q�J�X�O�R���Ç�����)�L�J�X�U�D���D�G�D�S�W�D�G�D���G�H���+�X�J�R��
42!b,'P6&-#!.!Y6-G6&#!72!7#D-'2!

!

7#1# !#!'6-.K',#!.D-S!E#H'E&R'$#!'!C1'!$&D-56H&'!e/!1C&-#!$&D-'6-.!$'!N.6$'/!-.1#D!
UC.!�Ã!nn) !.!6.D-.!H'D#! �V�H�Q���Ä���a���W�J���Ä!W!gLe2!YDD&1/!-.1#DI!

     
  
  

 !

hD!1F6&1#D!$.!&6-.6D&$'$.!EC1&6#D'!#H#,,.1!UC'6$#!D.6α!W!*/!#C!D.^'/!UC'6$#!

`: a!

g!
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!!!!!!! +.D-.!H'D# !

      
  
 

                 
!

7#1!'!.]K,.DDA#!'H&1'/!'!E',PC,'!$#!1S]&1#!H.6-,'E![!#!$#O,#!$'!E',PC,'!$ .!
UC'EUC.,!1S]&1#!E'-.,'E/!UC.!.6-A#![!.]K,.DD#!K#, !

   
   
 

       !
!

                                         
!

     Parte 2 - Difração por fenda dupla 

7#6D&$.,.!'!D&-C'QA#!6'!b&PC,'!o/!#6$.!'!'O.,-C,'! ' !$.!H'$'!C1'!$'D!N. 6$'D![!1C&-#!
1.6#,! $#! UC.! #! H#1K,&1.6-#! $.! #6$'! �Ê! $'! ECR! &6H&$.6-.! 6'D! N.6$'D2! 7'$'! ,'&#! $.! ECR!
$&N,'-'$#!UC.!.1.,P.!$'!N.6$'!DCK.,&#,!&,S!D.!&6-.,N.,&,/! .1!C1!K#6-#!9!$#! '6-.K',#/!H#1!
C1!,'&#!$&N,'-'$#!$'!N.6$'!&6N.,&#,/!UC'6$#!'!$&D-56H&'!.6-,.!.E.D![!$2!!

!!

!

!

!

!

!

!

!

!

b&PC,'!o=!e&N,'QA#!$'!ECR!K#,!C1'!N.6$'!$CKE'!$.! .DK'Q'1.6-#!$ !%&D-#!.1!C1!'6-.K',#!'!C1'!
$&D-56H&'!e !$'!N.6$'2 !!

Θ!

$! Θ!

g!

9!

$D.6!Θ!

!

`<a!

`?a!
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hOD.,%'=D.!6'!b&PC,'!o!UC.!D.6$#!$2D.6 Θ!' !$&N.,.6Q'!$.!H'1&6J#!K.,H#,,&$#!K.E#D!
,'&#D!$'!N.6$'!DCK.,&#,!.!&6N.,&#,/!'D!D.PC&6-.D!D&-C'Q_.D!K','!1S]&1#!.!1F6&1#!$.!
&6-.,N.,T6H&'!D.,A#!#OD.,%'$'DI!!

!

        !

             !

!

          
 
  !

             !

! !

! ! hOD.,%'=D.! .]K.,&1.6-'E1.6-.! UC.! 6#! H'D#/! �D�� ������ �Ê/! '! N&PC,'! $.! $&N,'QA#! [!
H#6D-&-CF$'!K#,!K#6-#D!$.!1.D1'!&6-.6D&$'$.!.!&PC'E1.6-.!.DK'Q'$#D2!8D-.!N'-#![!,.DCE-'$#!
$'! &6-.,N.,T6H&'! $'! N&PC,'! $.! $&N,'QA#! $.! H'$'! N.6$'/! UC'6$#! H'$'! C1'! $.E'D! &EC1&6'!
C6&N#,1.1.6-.!#!'6-.K',#!`D.! �D���������Ê��2!Y!b&PC,'!p![!C1'!&ECD-,'QA#!$'D!N,'6^'D!$.!$&N,'QA#!
K,#$CR&$'D!K#,!C1'!N.6$'!$CKE'2!!

!

!

b&PC,'!p=!9'$,A#!$.!$&N,'QA#!K','!C1'!N.6$'!$CKE'/!#6$.!'! �p���G�D���R�U�G�H�P���G�H���Ê2!

!

! ! Y! &6-.6D&$'$.! EC1&6#D'! .1! C1! K#6-#! 9! $#! '6-.K',#/! E#H'E&R'$#! '! C1'! $&D-56H&'!!!!!!!!
e!qq!$ /!6'!$&N,'QA#!$.!N.6$'!$CKE'/!UC'6$#!'! nn !�Ê/![!$'$ #!K.E'!.]K,.DDA#!!
!

          !

    
  
  

 !

! ! Y!N&PC,'!$.!$&N,'QA#![!H#1K#D-'!K#,!K#6-#D/!#C!N,'6^'D!$.!&6-.6D&$'$.D!C6&N#,1.2!Y!
�L�Q�W�H�Q�V�L�G�D�G�H�� �p�� �S�U�R�S�R�U�F�L�R�Q�D�O�� �D�R�� �T�X�D�G�U�D�G�R�� �G�R�� �F�R�V�V�H�Q�R�� �G�R�� �S�D�U�k�P�H�W�U�R�� �Ã�� ���I�X�Q�o�m�R�� �S�H�U�L�y�G�L�F�D������h D!
1S]&1#D!$.!$&N,'QA#!D.,A#!K.,&\$&H#D!H#1!'!K#D&QA#!g!6#!'6-.K',#/!1.$&$'D!'!K',-&,!$#!D.C!
H.6-,#2!!

9#6-#D!$.!1S]&1# !

9#6-#D!$.!1F6&1#!

`>a!

`3a!

`oa!
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! hD! 1S]&1#D! $.! &6-.,N.,T6H&'! H#,,.DK#6$.1! d! H#6$&QA#! ! W!nπ! `6! W! */! r)/! r:/222a2!

@COD-&-C&6$#!.D-.D!%'E#,.D!$.! !6'!.UC'QA#!`oa!#O-[1 =D.!'!D.K','QA#! #C!'!E',PC,'!`  a!.6-, .!
1S]&1#D!`#C!1F6&1#Da!$.!&6-.,N.,T6H&'!H#6D.HC-&%'I!!!!!! !
!!!!!!!!!!!!!!!  

     
  
 

!

!

! ! +'! b&PC,'! ; /! '! HC,%'! -,'H.^'$'! `$.! 1.D1'! '1KE&-C$.a! [! C1'! ,.K,.D.6-'QA#! $'!
&6-.6D&$'$.!$'D!N,'6^'D!$.!$&N,'QA#!6'! N.6$'!$CKE'!D#O,.!#!'6-.K',#2!8D-'!HC,%'! -.\,&H' !.D-S!
$.!'H#,$#!H#1!'!b&PC,'!p !`#O-&$'!.]K.,&1.6-'E1.6-.a /!K','!C1'!$&N,'QA#!$.!N.6$'!$CKE' 2!Y!
D.K','QA#!.6-,.!'D! N,'6^'D!'$^'H.6-.D !` a![!H#6D-'6-. 2!e&DHC-.!�±!D.!6#!K,\]&1#!K',SP,'N#/!'!
HC,%'!D\E&$'!6'!b&PC,'!;2!

!

!

b&PC,'! ;! =! jECD-,'QA#! $'! $&N,'QA#! $'! ECR! K#,! C1'! N.6$'! $CKE'! $.! .DK'Q'1.6-#! $2! Y! HC,%'! .1!
-,'H.^'$#!'RCE!&ECD-,'!#D!K#6-#D!$.!1S]&1'! .!1F6&1'!&6-.,N.,T6H&'!$#D!,'&#D!EC1&6#D#D!.1!NC6QA#!$#!
�k�Q�J�X�O�R�� �Ç���� �T�X�D�Q�G�R�� �D�� ������ �Ê���� �$�� �F�X�U�Y�D�� �H�P�� �Y�H�U�P�H�O�K�R�� �p�� �D�� �P�R�G�X�O�D�o�m�R�� �G�D�� �G�L�I�U�D�o�m�R�� �G�H�� �I�H�Q�G�D�� �~�Q�L�F�D�� �Q�D��
$&N,'QA#! $.! N.6$�D�� �G�X�S�O�D�� �T�X�D�Q�G�R�� �D�� �F�R�Q�G�L�o�m�R�� �D�� ������ �Ê���� �Q�m�R�� �p�� �V�D�W�L�V�I�H�L�W�D���� �)�L�J�X�U�D�� �D�G�D�S�W�D�G�D�� �G�H�� �+�X�J�R�� �/����
b,'P6&-#!.!Y6-G6&#!72!7#D-'2!

!

!
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! �1�D���S�U�i�W�L�F�D�����H�P���V�H���W�U�D�W�D�Q�G�R���G�D���O�X�]���Y�L�V�t�Y�H�O�����D���F�R�Q�G�L�o�m�R���D���������Ê���J�H�U�D�O�P�H�Q�W�H���Q�m�R���p��
D'-&DN.&-'2! 9','! .D-'D! N,'6^'D! ,.E'-&%'1.6-.! E',P'D/! '! &6-.6D&$'$.! $'D! N,'6^'D! $.!
&6-.,N.,T6H&'! N#,1'$'! D#O,.! #! '6-.K',#/! 6A#! [! C6&N#,1.2! sC'6$#! &D-#! #H#,,./! '!
&6-.6D&$'$.! $'D! N,'6^'D! [! 1#$CE'$'! K.E#! K'$,A#! $.! $&N,'QA#! $.! N.6$'! Z6&H'!!!!
`b&PC,'! ;a2! +'! &ECD-,'QA#! $'!b&PC,'!; ! #OD.,%'=D.! .D-.! .N.&-#/! $'! 'O.,-C,'! ' ! $'D!
N.6$'D/!D#O,.! '! &6-.,N.,T6H&'!$.!N.6$'!$CKE'! .DK'Q'$'D!$.!C1'!$&D-56H&'!$2!Y!HC,%'!
UC.! $.DH,.%.! '! &6-.6D&$'$.! $'D! N,'6^'D! .1! N �X�Q�o�m�R�� �G�R�� �k�Q�J�X�O�R�� �Ç�� �p�� �L�O�X�V�W�U�D�G�D�� �Q�H�V�W�D��
N&PC,'/!'-,'%[D!$'!.6%#E-\,&'!-,'H.^'$'2! !

! ! Y!b&PC,'!)*`'a![!C1!,.DCE-'$#!.]K.,&1.6-'E!$.!C1'!$&N,'QA#!$.!N.6$'!$CKE'!H#1!'!
�F�R�Q�G�L�o�m�R���D���������Ê���Q�m�R���p���V�D�W�L�V�I�H�L�W�D�����3�D�U�D���F�R�P�S�D�U�D�o�m�R�����D���)�L�J�X�U�D���G�H���G�L�I�U�D�o�m�R���G�H���X�P�D���I�H�Q�G�D���~�Q�L�F�D��
[!H#E#H'$'!E#P#!.1O'&]#!$.D-'!kb&PC,'!)*`Oal2! !

!

!

!

b&PC,'!)*! =!`'a!9'$,A#!$.!$&N,'Q A#!K','!C1!E'D.,!$.!ECR!%.,1.EJ' !6C1!D&D-.1'!$.!N.6$'!$CKE'!#6$.!'!
E',PC,'! $'! N.6$'! 6A#! [! $.DK,.RF%.E! .1! H#1K','QA#! H#1! #! H#1K,&1.6-#! $.! #6$'2! `Oa! K'$,A#! $.!
$&N,'QA#!$.!C1'!Z6&H'!N.6$'!$.!1.D1'!E',PC,'2 !

!

! ! 9','! 'K.6'D! $C'D! N.6$'D/! K#$. =D.! 1#D-,',! UC.! '! &6-.6D&$'$.! EC1&6#D'/! D#O,.! C1!
'6-.K',#/!#6$.! e!qq!$ /![!$'$'!K#, I!!

      
    
 

         !

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! #6$.!  
     

  
  

 !

     
  
  

 !

! ! h!-.,1#!` senα/α, $![ !#!N'-#,!$.!1#$CE'QA#!$.!C1'!N.6$'!Z6&H'!.!#!-.,1# !(cosβ)$![!
$.%&$#! '! $&N,'QA#!$'D!$C'D!N.6$'D2! YD!N,'6^'D! H.6-,'&D!DA#!1'&D!&6-.6D'D! ./! '!DC'!E',PC,'!!!!!!
`$&D-56H&'!.6-,.!#D!$#&D!1F6&1#D!UC.!'!H.,H'1a![!$'$'!K.E'!.UC'QA#!`?a2!

(b) 

(a) 

`pa!



 
 

UNIVERSIDADE FEDERAL DO ESPÍRITO SANTO 
CENTRO UNIVERSITÁRIO NORTE DO ESPÍRITO SANTO 

Departamento de Engenharia e Ciências Exatas 

Centro Universitário Norte do Espírito Santo!
"#$#%&'!("!)*)!+#,-./!012!3*/!('&,,#!4&-#,56.#/!789!:;;<: =>?*!

@A#!B'-.CD!�±!8@!�±!(,'D&E!
@F-&#!.E.-,G6&H#I!J--KILLMMM2H.C6.D2CN.D2O,!

!

74 

    Parte 3 - Difração por fendas múltiplas 

! sC'6$#! #! 6Z1.,#! $.! N.6$'D! [! 1'&#,! UC.! $C'D! N.6$'D/! $#&D! N'-#D! &1K#,-'6-.D! DA#!
#OD.,%'$#D! .]K.,&1.6-'E1.6-.I! `&a! 'D! N,'6^'D! $.! $&N,'QA#! D.! -#,6'1! 1'&D! N&6'D! `1'&D!
$.N&6&$'Da! .! `&&a! 1S]&1#D! D.HC6$S,&#D!$.! O'&]'D! &6-.6D&$'$.D! 'K',.H.1! .6-,.! 'D! N,'6^'D!
HE','D2!+'!b&PC,'! ))!#OD.,%'=D.!C1'!K#,QA#!$#!K'$,A#!$.!$&N,'QA#!K','!+!W!:!N.6$'D! '-[ !!!!!!!
+!W!>!N.6$'D2!+A#!D.!$&DHC-.!6.D-.!.]K.,&1.6-#/!#!'K',.H&1.6-#!$#D!1S]&1#D!D.HC6$S,&#D/!
HC^'! 'O#,$'P.1! .6%#E%.! #! 1 [-#$#! $.! N'D#,.D! K','! #! H'1K#! .E[-,&H#! $'D! #6$'D! $.! ECR!
&6H&$.6-.D!6#!'6-.K',#2!

!

!

b&PC,'!))! =! jECD-,'QA#!$'!$&N,'QA#!$'!ECR!K#,!+!W!)/!:/!<!.!?!N.6$'D!$.!1.D1#!.DK'Q'1.6-#! $2!b&PC,'!
'$'K-'$'!$.!+2!(2!hE&%.&,'2 !

!

! h!6Z1.,#!$.!N.6$'D!K#$.!D.,!-A#!P,'6$.!U C'6-#!)* ?!N.6$'D2!t 'E! ',,'6^#!$.!N.6$'D!
1ZE-&KE'D! [!HJ'1'$#!$.! ,.$.!$.!$&N,'QA#2!7#6N#,1.!#!6Z1.,#!$.!N.6$'D!%'&! 'C1.6-'6$#/!
K','! C1'! $&D-56H&'! N&]'! .6-,.! .E'D/! #! 6Z1.,#! $.! 1S]&1#D! D.HC6$S,&#D! -'1O[1! 'C1.6-' !
1' &D!D.C!O,&EJ#!$&1&6C&X!K#,!#C-,#!E'$#/!#D!1S]&1#D!K,&6H&K'&D!D.!-#,6'1!1'&D!$.D-'H'$#D/!
K#&D!%A#!D.! -#,6'6$#!1'&D! .D-,.&-#D2!9','!C1!$'$#!H#1K,&1.6-#!$.!#6$'/!#! .DK'Q'1.6-#!
.6-,.! 'D!N,'6^'D! [!$.-.,1&6'$#!K.E'!$&D-56H&'! $! .6-,.! 'D!N.6$'D/! .6UC'6-#! 'D!&6-.6D&$'$.D!
$'D!N,'6^'D!DA#!$.-.,1&6'$'D!K.E#D!.N.&-#D!$.!$&N,'QA#!'DD#H&'$#D!'!E',PC,'!`' a!$'!N.6$'2! !

Δy!
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h! %'E#,! 'K,#]&1'$#!$'! E',PC,'! $.! E&6J'! d! 1.&'! 'E-C,' ! `  a!$.! UC'EUC.,! 1S]&1#! [!
$'$'!K.E'!.]K,.DDA#I !

   
  
  

!

 

!

2.3.4 Procedimentos Experimentais 

)2 ".'E&R.!'!1#6-'P.1!.]K.,&1.6-'E!H#6N#,1.!'!b&PC,'!):2 !
!
!

!
b&PC,'!):! �±!B#6-'P.1!.]K.,&1.6-'E!K','!'!$&N,'QA#!$'!ECR!K#,!N.6$'D !

!
!

:2 9','!UC.! 'D!1.$&$'D!D.^'1!N.&-'D!$'!1.EJ#,!N#,1'!K#DDF%.E/! '! -.E' ! H#1! '! ,.$.!$.!
$&N,'QA#! $.%.! D.,! H#E#H'$' ! K.,K.6$&HCE',1.6-. ! '#! N.&].! $#! E'D.,2! jDD#! K#$.! D.,!
N'H&E1.6-.!N.&-#!.6%&'6$#!#!N.&].!,.NE.-&$#!6#!%&$,#!6#%'1.6-.!K','!'!D'F$'!$#!E'D.,2!!
jD-#!$.%.!D.,!N.&-#!-#$'!%.R!UC.!'!-.E'!H#1!'D!N.6$'D!N#,.1!-,#H'$'D2 !
!

<2 b&].! C1'! N#EJ'! $.! K'K.E! H#1! N&-'! '$.D&%'! .1! C1! '6-.K', #! `#C! 6'! K',.$.! $#!
E'O#,'-\,&#a2!YDD&1![!K#DDF%.E!,.P&D-,',!H#1!C1!ESK&D!#!K.,N&E!$'!$&N,'QA#2!

!
!!
!
!
!
!
!
!
!
!
!
!

`)* a!

Rede de Difração 

Suporte 

Caneta laser 
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Parte 1 - Difração por fenda única 
!

?2 B#6-.!#!H#6^C6-#!H#1!#!E'D.,/!'! -.E'!H#1!N.6$'!Z6&H'!.!'6-.K',#2! VD.!&6&H&'E1.6-.!'!
N.6$'!H#1!'O.,-C,'! a = 0,1 mm2!9,#^.-.!#!K'$,A#!$.!$&N,'QA#L&6-.,N.,T6H&'!D#O,.!#!
'6-.K',# /!-'E!UC.!#D!K'$,_.D!$.!$&N,'QA#!K#DD'1!D.,!N'H&E1.6-.!#OD.,%'$#D2!!
!

>2 V-&E&R.! C1'! -,.6'! K','! 1.$&,! '! $& D-56H&'!�'�� �“�� �¨�' /! $'! -.E'! H#1! N.6$'! Z6&H'! '#!
'6-.K',#2 !
!

�'���“���©�'��� ��!

!
!

32 e.D.6J. ! HC&$'$#D'1.6-. ! D#O,.! '!N#EJ'!6#! '6-.K',#/! ' ! ESK&D/!#!K'$,A#!$.!$&N,'QA#/!
&6$&H'6$#!HE','1.6-.! 'D!K#D&Q_.D!$#D!1S]&1#D!.!1F6&1#D2!B.Q'!H#1!C1'! ,[PC'! '!
E',PC,'! �¨g) !�“���/`�¨g) a!$#!1S]&1#!H.6-,'E 2!Y6#-.!.D-'!1.$&$'!6'!t'O.E'!)2 !
!

!!!!!!!!!!! !t'O.E'!)! �±!4',PC,'!$#D!1S]&1#D!H.6-,'&D!K','!'!-.E'!H#1!N.6$'!Z6&H'!$.!'O.,-C,'!%',&S%.E2 !

' ) !W!*/)!11 ! �¨g) !�“���/`�¨g) a!W!

' : !W!*/:!11 ! �¨g: !�“���/`�¨g: a!W!

' <!W!*/<!11 ! �¨g<!�“���/`�¨g<a!W!

!

o2 e.DE&R.!'!-.E'!H#1!'!,.$.!$.!$&N,'QA #!D#O,.!#!DCK#,-./!-'E!UC.!'! 'O.,-C,'!$'!N.6$'!
D.^'!$.! a = 0,2 mm2!@CO'!H.,H'!$.!<!H1!'!N#EJ'!$.!K'K.E!D#O,.!#!'6-.K',#2!".K&-'!
#!&-.1!>2!Y6#-.!#D!$'$#D!6'!t'O.E'!)2!b'Q'!#!1.D1#!K','!'!'O.,-C,'! a = 0,3 mm2!!
!

p2 7#1.6-.! 6#! .DK'Q#! 'O'&]# I! `&a!'D! 1C$'6Q'D ! #OD.,%'$'D! 6#! K'$,A#! $.! $&N,'QA#/!
UC'6$#!'!'O.,-C,'! `aa!$'!N.6$'!Z6&H'![!'C1.6-'$' !./!`&&a!'!,.E'QA#!.6-,.!#!1S]&1#!
H.6-,'E! .! #D! K'$,_.D! $.! $&N,'QA#! D.HC6$S,&#D2! +#! H'D#! `&&a/! %#HT! $.%.,S! ,.'E&R',!
1.$&$'D!$'!E',PC,'! $#!1S]&1#!H.6-,'E!.!#D!K'$,_.D!$.!$&N,'QA#!D.HC6$S,&#D2!!

!
7#1.6-S,&#DI!
!
!
!
!
!
!
!
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;2 9','! H'$'! E&6J'! $'! t'O.E'! )/! H'EHCE.! #! H#1K,&1.6-#! $.! #6$'! $#! E'D.,! C-&E&R'$# !!!!
���Ê�“�©!�Ê��2!hO-.6J'!#!%'E#,!1[$&#!H#1!D.C!,.DK.H-&%#!$.D%&#!K'$,A#2!

 
Parte 2 - Difração por fenda dupla 

!
)2 @COD-&-C'! '!-.E'!$.!N.6$'!Z6&H'!K#,!C1'!UC.!K#DDC&!N.6$'D!$CKE'D/! D.K','$'D!K.E'D!

$&D-56H&'D!$.  d = 0,2, 0,4 e 0,6 mm2!Y!'O.,-C,'! `aa!$'D!N.6$'D![ !H#6D-'6-.2!!
!

:2 Y6-.D! $.! &6&H&',1#D! 'D! 1.$&$'D/! $.DE&R.! D#O,.! #! DCK#,-./! '! -.E'! H#1! N.6$'! $CKE'/!
'C1.6-'6$#! H#6-&6C'1.6-.! '! $&D-56H&'! .6-,.! 'D! 'O.,-C,' D! '-[! d = 0,6 mm2! 9','!
H'$'! D.K','QA#/ ! $.D.6J. ! HC&$'$#D'1.6-. ! D#O,.! '! N#EJ'!6#! '6-.K',#/! ' ! ESK&D/! #!
K'$,A#!$.!$&N,'QA#/!&6$&H'6$#!HE','1.6-.!'D!K#D&Q_.D!$#D!1S]&1#D!.!1F6&1#D2!b'Q'!
H#1.6-S,&#D!'!,.DK.&-#!$#D!K'$,_.D!$.!$&N,'QA#/!&6HEC&6$#I!
!
!

'a  h!UC.![!1#$&N&H'$#!H#1!,.E'QA#!'#!.]K.,&1.6-#!'6-.,&#,!m !
uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu
uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu
uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu!

!
Oa 9'$,A#!H#1!D.K','QA#!$ !W!*/:!11!

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu
uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu
uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu!
!

Ha 9'$,A#!H#1!D.K','QA#!$!W!*/?!11!
uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu
uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu
uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu!
!

$a 9'$,A#!H#1!D.K','QA#!$!W!*/3!11!
uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu
uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu
uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu!

!
.a Y!E',PC,'!$#!1S]&1#!H.6-,'E!D.!1#$&N&H'!m!8]KE&UC.2!

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu
uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu
uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu!

!
!
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<2 VD.!'!N.6$'! $CKE'!H#1!D.K','QA#! d = 0,6 mm2!B.Q'!'!E',PC,'!$#!1S]&1#!H.6-,'E!
`$&D-56H&'! .6-,.! #D! 1F6&1#D! UC.! H.,H'1! 'D! N,'6^'D! H.6-,'&Da! .! H'EHCE.! '! 'O.,-C,'!!!!!!!
a �“�� �©a! $'D! N.6$'D2!Y6#-.! #! ,.DCE-'$#! 6#! .DK'Q#! 'O'&]#2! V-&E&R.! K','! &D-#! #!
H#1K,&1.6-#! $.! #6$'! $'! ECR! %.,1.EJ'! $#! E'D., ! . ! '! $&D-56H&'! e! r! �©e/! .6-,.! #!
'6-.K',#!.!'!-.E'!H#1!'D!N.6$'D!$CKE'D2 !
!

a �“���©a!W!!

!
?2 t#1.!'P #,'/!'!$&D-56H&'!���¯����.6-,.!?!N,'6^'D!d!.DUC.,$'!.!?!N,'6^'D!d!$&,.&-'!$'!N,'6^'!

H.6-,'E2!hO-.6J'!C1'! 1[$&'!$.D-'D!$&D-56H&'D2!hO-.6J'! -'1O[1!#!$.D%&#!K'$,A#/!
UC.!D.,%&,S!H#1#!&6H.,-.R'!6.D-'D!$&D-56H&'D2!Y6#-.!#D!$'$#D!6'!t'O.E'!:2! !
!
t'O.E'!:! �±!i'E#,.D!1.$ &$#D!$'!$&D-56H&'!.6-,.!N,'6^'D!'$^'H.6-.D2!

�¯) ! �¯: ! �¯<! �¯?! �¯>! �¯3! �¯o! �¯p! �¯1[$&#! �/�¯!

! ! ! ! ! ! ! ! ! !

!

>2 �'�H���S�R�V�V�H���G�R���Y�D�O�R�U���G�H���¯1[$&#! �“���/�¯���H��!#!H#1K,&1.6-#!$.!#6$'! �Ê��� �������������“��������] )* =; !1!
$'!ECR!E'D.,/!N'Q'!C1!HSEHCE#!$'!$&D-56H&'!.6-,.!#! '6-.K',#! .! '! -.E'!H#1! 'D!N.6$'D!
$CKE'D2! 8D-.! %'E#,! H#&6H&$./! $.6-,#! $'! N'&]'! $.! &6H.,-.R'D! H#1! #! %'E#,! 1.$&$#! $.!!!!!
�'���“���©�'���"!

!

Parte 3 - Difração por fendas múltiplas 
!

)2 @COD-&-C'!#!H#6^C6-#!$.!N.6$'D!$CKE'D!K.E#!H#6^C6-#!H#1!N.6$'D!1ZE-&KE'D2!B#%'!'!
-.E'! K','! '! .DUC.,$' /! 'C1.6-'6$#! #! 6Z1.,# ! $.! N.6$'D/! $.D$.! +! W! :! '-[! +! W! >!
N.6$'D2! hOD.,%.! 'D! 1C$'6Q'D! UC.! #H#,,.1! 6#! K'$,A#! $.! $&N,'QA#2!e.DH,.%'! DC'D!
#OD.,%'Q_.D!6#!.DK'Q#!'O'&]#!.!.]KE&UC.!.1!D.C!,.E'-\,&# 2!

!

!

!

!

!

:2 e.! 'H#,$#!H#1! '!b&PC,'! )</!D COD-&-C'!#!E'D.,!K.E'!E'6-.,6'!H#1!ECR!O,'6H'2! t#1.!
' P#,'!'!- .E'!H#1!'!,.$.!$.!$&N,'QA#!`)** *!N.6$'D!K#,!1&EF1.-,#a2!4&PC.!'!E'6-.,6'!.!
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#OD.,%.! #! K'$,A#! $.! $&N,'QA#! D#O,.! #! '6-.K',#/! UC.! $.%.! .D-',! 'P#,'/! O.1! 1'&D!
K,\]&1#!$'!,.$.!$.!$&N,'QA#2! !

!

!

b&PC,'!)<!�±!B#6-'P.1!.]K.,&1.6-'E!K','!'!$&N,'QA#!$'!ECR !O,'6H' !
!

<2 i#HT!$.%.,S!#OD.,%',!C1'!ECR!O,'6H'!6#!H.6-,#!.!'!K',-&,!$.D-'!'D!H#,.D!$#!',H# =F,&D!
6'!D.UCT6H&'I!%&#E.-'/!'6&E/!'RCE/!%.,$./!'1',.E#/!E','6^'!.!%.,1.EJ#2!8]KE&UC.!.1!D.C!
,.E'-\,&#! .D-'!D.UCT6H&'!$.!H#,.D! D#O,.!#! '6-.K',# /!O'D.'$#!6#D!H#1K,&1.6-# D!$.!
#6$'! $.!H'$'!H#1K#6.6-.!$'!ECR!O,'6H'2 !
!

2.3.4 O que incluir no relatório do experimento 

Parte 1 - Difração por fenda única 
!

¾ e.D.6J#!D#O,.!#!K'K.E!$'D!N&PC,'D!$.!$&N,'QA#2!
!

¾ t#$#D!#D!H#1.6-S,&#D!$#!-\K&H#!p/!$'!K',-.!)2!
!

¾ 7SEHCE#D! $#D! H#1K,&1.6-#D! $.! #6$'! $'! ECR! E'D.,!&6HEC&6$#! #! %'E#,! 1[$&#! .! D.C! $.D%&#!
K'$,A# 2!

!
Parte 2 - Difração por fenda dupla 
 

¾ t#$#D!#D!H#1.6-S,&#D!$#!&-.1!:/!$'!K',-.!:2 !
!

¾ �&�i�O�F�X�O�R���G�D���D�E�H�U�W�X�U�D���D���“���©�D���G�D�V���I�H�Q�G�D�V��!

Anteparo 

Rede de 
Difração 

Lanterna c/ 
Luz branca 
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!
¾ �&�i�O�F�X�O�R���G�D���G�L�V�W�k�Q�F�L�D���'���“���©�'���T�X�H���V�H�S�D�U�D���R���D�Q�W�H�S�D�U�R���G�D���W�H�O�D���F�R�P���D�V���I�H�Q�G�D�V��!

!
!
Parte 3 - Difração por fendas múltiplas 
!

¾ BC$'6Q'D!#OD.,%'$'D!UC'6$#!#!6Z1.,#!$.!N.6$'D!'C1.6-'!$.!+!W!:!'!>!N.6$'D2 !
!

¾ 8]KE&H'QA#!$#!K'$,A#!$.!H#,.D!.!DC'D!K#D&Q_.D!D#O,.!#!'6-.K',#!UC'6$#![!,.'E&R'$#!'!
$&N,'QA#!$'!ECR!O,'6H'2!
!

!

!

      2.3.5 Bibliografia 

e&N,'QA#!$'!ECR!K#,!N.6$'D!fCP#!42!b,'P6&-#!.!Y6-#6&#!72!7#D-'2!V6&H'1K!�±!jbvw/!B',Q#!$.!
:*)* 2!

bFD&H'!?2!f'EE&$'g/!".D6&H0!.!x,'6.2!?' !.$&QA#2!8$&-#,'!4t7/!"&#!$.!^'6.&,#!"y!`);;3a 2!

z-&H'/!".E'-&%&$'$.!.!bFD&H'!sC56-&H'2!B#gD[D!+CDD.6R%.&P2!?' !.$&QA#2!8$&-#,'!(ECHJ.,/!@A#!
9'CE#!@9!`:*))a2!

!

!

!

!

!

!

!

!

!

!

!

!


