
Equação de difusão
Dedução em 1-dimensão

@u

@t
= ↵r2u
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O que é difusão
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Difusão
• É um processo de transporte de massa 

ou de energia que ocorre em regiões 
onde existem diferenças de 
concentração. O transporte por difusão 
dá-se de regiões de alta concentração 
para regiões de baixa concentração. 

• O transporte por difusão é quantificado 
pela densidade de fluxo  ϕ, que é a 
quantidade de substância ou energia 
transportada por unidade de área por 
unidade de tempo. https://en.wikipedia.org/wiki/Diffusion
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Primeira Lei  
de Fick

• Para muitos problemas físicos, a difusão segue a primeira 
lei de Fick, em que o fluxo é proporcional à variação da 
concentração e ocorre no sentido contrário a concentração. 

• Em 1D:
u

x

du

dx

�
� = �↵

du

dx

Adolf Fick (1829–1901)
https://en.wikipedia.org/wiki/Adolf_Eugen_Fick
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Densidade de fluxo
O transporte de massa ou de energia é quantificado pela densidade de 
fluxo.

Por exemplo, se a concentração é dada em kg/m3, a densidade de 
fluxo é expressa em kg/m2/s:

A densidade de fluxo      é a quantidade de material ou energia que 
atravessa uma unidade de área por unidade de tempo.

�

<latexit sha1_base64="DgMinVQW3HGX+6P2qbv4paX3sVw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkRY9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NEwiNqrW3Lq7AFonXkFqUKA9qn4NxzFJBZWGcKz1wHMT42dYGUY4nVeGqaYJJlM8oQNLJRZU+9ni1jm6sMoYhbGyJQ1aqL8nMiy0nonAdgpsIr3q5eJ/3iA14Y2fMZmkhkqyXBSmHJkY5Y+jMVOUGD6zBBPF7K2IRFhhYmw8FRuCt/ryOule1b1GvfnQqLVuizjKcAbncAkeXEML7qENHSAQwTO8wpsjnBfn3flYtpacYuYU/sD5/AEWII5H</latexit>

�M

<latexit sha1_base64="mZkZcKuPwtS80FtTxXansWX7lv4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRixehgv2ANpTNZtIu3Wzi7kYopX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMC1LBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjrJFMMGS0Si2gHVKLjEhuFGYDtVSONAYCsY3kz91hMqzRP5YEYp+jHtSx5xRo2V2t0QhaHkrleuuFV3BrJMvJxUIEe9V/7qhgnLYpSGCap1x3NT44+pMpwJnJS6mcaUsiHtY8dSSWPU/nh274ScWCUkUaJsSUNm6u+JMY21HsWB7YypGehFbyr+53UyE135Yy7TzKBk80VRJohJyPR5EnKFzIiRJZQpbm8lbEAVZcZGVLIheIsvL5PmWdU7r17cn1dq13kcRTiCYzgFDy6hBrdQhwYwEPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDiDGPpQ==</latexit>

[kg]

Quantidade 
de matéria

[kg/m3]

Concentração

u =
�M

�V

<latexit sha1_base64="EUTtYosLHNghQ6EtuisyrLMGHKQ=">AAACBnicbZDLSsNAFIZPvNZ6i7oUYbAIrkoiFd0IRTduhAr2Ak0ok8mkHTq5MDMRSsjKja/ixoUibn0Gd76N0zaCtv4w8PGfczhzfi/hTCrL+jIWFpeWV1ZLa+X1jc2tbXNntyXjVBDaJDGPRcfDknIW0aZiitNOIigOPU7b3vBqXG/fUyFZHN2pUULdEPcjFjCClbZ65kGKLpATCEwyx6dcYXST/1Ar75kVq2pNhObBLqAChRo989PxY5KGNFKEYym7tpUoN8NCMcJpXnZSSRNMhrhPuxojHFLpZpMzcnSkHR8FsdAvUmji/p7IcCjlKPR0Z4jVQM7WxuZ/tW6qgnM3Y1GSKhqR6aIg5UjFaJwJ8pmgRPGRBkwE039FZIB1JkonV9Yh2LMnz0PrpGrXqqe3tUr9soijBPtwCMdgwxnU4Roa0AQCD/AEL/BqPBrPxpvxPm1dMIqZPfgj4+MbP6mYXg==</latexit>

� =
�M

A�t

<latexit sha1_base64="E4svAfHnTrzxTHvdCobcZq59B2I=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAiuCqJKLoRqm7cCBXsBZpQJpNJO3RyYeZEKCF7N76KGxeKuPUF3Pk2TtsstPWHgY//nMOZ83uJ4Aos69soLS2vrK6V1ysbm1vbO+buXlvFqaSsRWMRy65HFBM8Yi3gIFg3kYyEnmAdb3Q9qXcemFQ8ju5hnDA3JIOIB5wS0FbfrDrJkOML7ASS0MzxmQCCb/PsEhcMed+sWXVrKrwIdgE1VKjZN78cP6ZpyCKggijVs60E3IxI4FSwvOKkiiWEjsiA9TRGJGTKzaa35PhQOz4OYqlfBHjq/p7ISKjUOPR0Z0hgqOZrE/O/Wi+F4NzNeJSkwCI6WxSkAkOMJ8Fgn0tGQYw1ECq5/iumQ6JTAR1fRYdgz5+8CO3jun1SP707qTWuijjK6ABV0RGy0RlqoBvURC1E0SN6Rq/ozXgyXox342PWWjKKmX30R8bnD7Jhmjc=</latexit>

[kg/m2/s]
Densidade 
de fluxo
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[kg/m3]

Concentração

u =
�M

�V

<latexit sha1_base64="EUTtYosLHNghQ6EtuisyrLMGHKQ=">AAACBnicbZDLSsNAFIZPvNZ6i7oUYbAIrkoiFd0IRTduhAr2Ak0ok8mkHTq5MDMRSsjKja/ixoUibn0Gd76N0zaCtv4w8PGfczhzfi/hTCrL+jIWFpeWV1ZLa+X1jc2tbXNntyXjVBDaJDGPRcfDknIW0aZiitNOIigOPU7b3vBqXG/fUyFZHN2pUULdEPcjFjCClbZ65kGKLpATCEwyx6dcYXST/1Ar75kVq2pNhObBLqAChRo989PxY5KGNFKEYym7tpUoN8NCMcJpXnZSSRNMhrhPuxojHFLpZpMzcnSkHR8FsdAvUmji/p7IcCjlKPR0Z4jVQM7WxuZ/tW6qgnM3Y1GSKhqR6aIg5UjFaJwJ8pmgRPGRBkwE039FZIB1JkonV9Yh2LMnz0PrpGrXqqe3tUr9soijBPtwCMdgwxnU4Roa0AQCD/AEL/BqPBrPxpvxPm1dMIqZPfgj4+MbP6mYXg==</latexit>

� =
�M

A�t

<latexit sha1_base64="E4svAfHnTrzxTHvdCobcZq59B2I=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAiuCqJKLoRqm7cCBXsBZpQJpNJO3RyYeZEKCF7N76KGxeKuPUF3Pk2TtsstPWHgY//nMOZ83uJ4Aos69soLS2vrK6V1ysbm1vbO+buXlvFqaSsRWMRy65HFBM8Yi3gIFg3kYyEnmAdb3Q9qXcemFQ8ju5hnDA3JIOIB5wS0FbfrDrJkOML7ASS0MzxmQCCb/PsEhcMed+sWXVrKrwIdgE1VKjZN78cP6ZpyCKggijVs60E3IxI4FSwvOKkiiWEjsiA9TRGJGTKzaa35PhQOz4OYqlfBHjq/p7ISKjUOPR0Z0hgqOZrE/O/Wi+F4NzNeJSkwCI6WxSkAkOMJ8Fgn0tGQYw1ECq5/iumQ6JTAR1fRYdgz5+8CO3jun1SP707qTWuijjK6ABV0RGy0RlqoBvURC1E0SN6Rq/ozXgyXox342PWWjKKmX30R8bnD7Jhmjc=</latexit>

[kg/m2/s]
Densidade 
de fluxo

� = �↵
du

dx

↵

<latexit sha1_base64="a7YqkBbA1xhFAP7RlPgy5wTlbxw=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Ae0oUy2m3btZhN2N0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5YCYJ8yMcSh5yisZKrR6KZIT9csWtunOQVeLlpAI5Gv3yV28Q0zRi0lCBWnc9NzF+hspwKti01Es1S5COcci6lkqMmPaz+bVTcmaVAQljZUsaMld/T2QYaT2JAtsZoRnpZW8m/ud1UxNe+xmXSWqYpItFYSqIicnsdTLgilEjJpYgVdzeSugIFVJjAyrZELzll1dJ66Lq1aqX97VK/SaPowgncArn4MEV1OEOGtAECo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AI4ZjyA=</latexit>

[m2/s]
Difusividade
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Victor Sacek IAG/USPDedução

�x

x x+ �x

Área da seção
A

�V = A�xVolume:

Concentração u

variável no tempo 


e no espaço

Fluxo em  :x

Fluxo em        :x+ �x

� = �↵
du

dx

�(x) = �↵
du(x, t)

dx

�(x+ �x) = �↵
du(x+ �x, t)

dx

No instante  :t



�x

x x+ �x

A

� = �↵
du

dx

�(x) = �↵
du(x, t)

dx
�(x+ �x) = �↵

du(x+ �x, t)

dx

Entre os instantes    e        ,t t+ �t uma certa quantidade
de substância entra no volume em     e outra quantidade 

sai em
x

x+ �x

Entrada em   :x �(x)A�t

Saída em        :x+ �x �(x+ �x)A�t

Variação total de substância: �M = �(x)A�t� �(x+ �x)A�t

= [�(x)� �(x+ �x)]A�t
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�x

x x+ �x

A

Quantidade total de substância no instante t

M(t) = �V
u(x, t) + u(x+ �x, t)

2

Quantidade total de substância no instante t+ �t

M(t+ �t) = �V
u(x, t+ �t) + u(x+ �x, t+ �t)

2
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�xx x+ �x

A

Pela conservação de massa temos:
�M = M(t+ �t)�M(t)

Como �(x) = �↵
du(x, t)

dx
�(x+ �x) = �↵

du(x+ �x, t)

dxe

[�(x)� �(x+ �x)]A�t =

�V


u(x, t+ �t) + u(x+ �x, t+ �t)

2
� u(x, t) + u(x+ �x, t)

2

�

↵


du(x+ �x, t)

dx
� du(x, t)

dx

�
A�t =

A�x


u(x, t+ �t) + u(x+ �x, t+ �t)

2
� u(x, t) + u(x+ �x, t)

2

�
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�xx x+ �x

A

↵


du(x+ �x, t)

dx
� du(x, t)

dx

�
A�t =

A�x


u(x, t+ �t) + u(x+ �x, t+ �t)

2
� u(x, t) + u(x+ �x, t)

2

�

↵

h
du(x+�x,t)

dx � du(x,t)
dx

i

�x
=


u(x, t+ �t)� u(x, t)

2�t
+

u(x+ �x, t+ �t)� u(x+ �x, t)

2�t

�

<latexit sha1_base64="FFke5RUm7NiznoDArp488mWqHlk="></latexit>
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�xx x+ �x

A

↵

h
du(x+�x,t)

dx � du(x,t)
dx

i

�x
=

Para �t ! 0 �x ! 0e

↵
@2u

@x2
=

1

2

@u

@t
+

1

2

@u

@t

↵
@2u

@x2
=

@u

@t

Equação de 

difusão


u(x, t+ �t)� u(x, t)

2�t
+

u(x+ �x, t+ �t)� u(x+ �x, t)

2�t

�

<latexit sha1_base64="FFke5RUm7NiznoDArp488mWqHlk="></latexit>
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Equação de difusão
Dedução da equação em n-dimensões

@u

@t
= ↵r2u
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Primeira Lei de Fick
• Para muitos problemas físicos, a difusão segue a primeira 

lei de Fick, em que o fluxo é proporcional ao gradiente da 
concentração e ocorre no sentido contrário a concentração. 

• Em 1D:
u

x

du

dx

�
� = �↵

du

dx
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Primeira Lei de Fick

ru: gradiente de u

Em 2D: ru =
@u

@x
i+

@u

@y
j

ru =
@u

@x
i+

@u

@y
j+

@u

@z
kEm 3D:

� = �↵
du

dxEm 1D:

~� = �↵ruEm n-D:
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Variação de u em um certo 
volume (3D) ou área (2D)

@Q

@t
=

Z

V

@u

@t
dV=

@

@t

Z

V
u dV

Q =

Z

V
u dV

= �
I

S

~� · ~ndS
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Dedução da equação de 
difusão

Z

V

@u

@t
dV = �

I

S

~� · ~ndS

Z

V

@u

@t
dV = �

Z

V
r · ~�dV

teorema do  
divergente

@u

@t
= �r · ~�

r · ~� =
@�x

@x
+

@�y

@y
+

@�z

@z
Em 3D:

Em 2D: r · ~� =
@�x

@x
+

@�y

@y

r · ~� : divergente de ~�
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Dedução da equação de 
difusão

@u

@t
= �r · ~� ~� = �↵rucomo @u

@t
= r · (↵ru)

@u

@t
= ↵r2uSe     é constante↵

r2u : laplaciano de u

r2u =
@2u

@x2
+

@2u

@y2
Em 2D:

r2u =
@2u

@x2
+

@2u

@y2
+

@2u

@z2
Em 3D:
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Equação de difusão
@u

@t
= ↵r2u

@u

@t
= ↵

✓
@2u

@x2
+

@2u

@y2

◆

@u

@t
= ↵

✓
@2u

@x2
+

@2u

@y2
+

@2u

@z2

◆

@u

@t
= ↵

✓
@2u

@x2

◆
1D

2D

3D
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Equação de difusão
Soluções analíticas

@u

@t
= ↵r2u
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Solução da equação de difusão pelo método 
de separação de variáveis no caso 1D

Utilizando-se o método de separação de variáveis temos:

Substituindo (1) na equação de difusão:

u(x, t) = X(x) · T (t)

<latexit sha1_base64="zMEHKmoWXOhZukc/0NCtR0cI4xc=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NB2ICEXYnoRQh68RghL0iWMDuZJENmZ5eZXkkI8eKvePGgiFf/wpt/4+Rx0MSChqKqm+6uIBZcg+t+W6mV1bX1jfRmZmt7Z3fP3j+o6ihRlFVoJCJVD4hmgktWAQ6C1WPFSBgIVgv6txO/9sCU5pEswzBmfki6knc4JWCkln2UOIMzyOFrXHcGOdyk7Qhw2YFcy866eXcKvEy8OcmiOUot+6vZjmgSMglUEK0bnhuDPyIKOBVsnGkmmsWE9kmXNQyVJGTaH00/GONTo7RxJ1KmJOCp+ntiREKth2FgOkMCPb3oTcT/vEYCnSt/xGWcAJN0tqiTCAwRnsSB21wxCmJoCKGKm1sx7RFFKJjQMiYEb/HlZVI9z3uF/MV9IVu8mceRRsfoBDnIQ5eoiO5QCVUQRY/oGb2iN+vJerHerY9Za8qazxyiP7A+fwCxI5R+</latexit>

(1)

X(x)T 0(t) = ↵T (t)X 00(x)

<latexit sha1_base64="ddQYdShLkivwgYu4dN2EMXevV64=">AAACCHicbVC7TsMwFHXKq5RXgJEBiwq1XaoEFcGCVMHCWKQ+IrVR5bhOa9VxIttBVFFHFn6FhQGEWPkENv4Gp80ALUe60vE598r3Hi9iVCrL+jZyK6tr6xv5zcLW9s7unrl/0JZhLDBp4ZCFwvGQJIxy0lJUMeJEgqDAY6TjjW9Sv3NPhKQhb6pJRNwADTn1KUZKS33z2Ck/VGCzVFYVeAV7iEUjBJvpyymVtNU3i1bVmgEuEzsjRZCh0Te/eoMQxwHhCjMkZde2IuUmSCiKGZkWerEkEcJjNCRdTTkKiHST2SFTeKqVAfRDoYsrOFN/TyQokHISeLozQGokF71U/M/rxsq/dBPKo1gRjucf+TGDKoRpKnBABcGKTTRBWFC9K8QjJBBWOruCDsFePHmZtM+qdq16flcr1q+zOPLgCJyAMrDBBaiDW9AALYDBI3gGr+DNeDJejHfjY96aM7KZQ/AHxucP24KWEQ==</latexit>

@u

@t
= ↵

@2u

@x2

<latexit sha1_base64="FpAg+u6BtkVvZVatHIpLESHNigE=">AAACMXicbVDLSgMxFM34rOOr6tJNsAiuykyp6EYouumygn1Apy130kwbmnmQZMQyzC+58U/ETReKuPUnzLQFbeuBwOGcc5Pc40acSWVZE2NtfWNzazu3Y+7u7R8c5o+OGzKMBaF1EvJQtFyQlLOA1hVTnLYiQcF3OW26o7vMbz5SIVkYPKhxRDs+DALmMQJKS7181fEEkMSJQCgGHMfpL1epeWM6wKMh4MVYt7QQfOqW0l6+YBWtKfAqseekgOao9fKvTj8ksU8DRThI2batSHWS7ErCaWo6saQRkBEMaFvTAHwqO8l04xSfa6WPvVDoEyg8Vf9OJOBLOfZdnfRBDeWyl4n/ee1YededhAVRrGhAZg95se4ixFl9uM8EJYqPNQEimP4rJkPQ3ShdsqlLsJdXXiWNUtEuFy/vy4XK7byOHDpFZ+gC2egKVVAV1VAdEfSM3tA7+jBejInxaXzNomvGfOYELcD4/gEcNarA</latexit>
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Solução da equação de difusão pelo método 
de separação de variáveis no caso 1D

X(x)T 0(t) = ↵T (t)X 00(x)

<latexit sha1_base64="ddQYdShLkivwgYu4dN2EMXevV64=">AAACCHicbVC7TsMwFHXKq5RXgJEBiwq1XaoEFcGCVMHCWKQ+IrVR5bhOa9VxIttBVFFHFn6FhQGEWPkENv4Gp80ALUe60vE598r3Hi9iVCrL+jZyK6tr6xv5zcLW9s7unrl/0JZhLDBp4ZCFwvGQJIxy0lJUMeJEgqDAY6TjjW9Sv3NPhKQhb6pJRNwADTn1KUZKS33z2Ck/VGCzVFYVeAV7iEUjBJvpyymVtNU3i1bVmgEuEzsjRZCh0Te/eoMQxwHhCjMkZde2IuUmSCiKGZkWerEkEcJjNCRdTTkKiHST2SFTeKqVAfRDoYsrOFN/TyQokHISeLozQGokF71U/M/rxsq/dBPKo1gRjucf+TGDKoRpKnBABcGKTTRBWFC9K8QjJBBWOruCDsFePHmZtM+qdq16flcr1q+zOPLgCJyAMrDBBaiDW9AALYDBI3gGr+DNeDJejHfjY96aM7KZQ/AHxucP24KWEQ==</latexit>

Constante de 

separação de variável

1

↵

T 0(t)

T (t)
=

X 00(x)

X(x)
= C

<latexit sha1_base64="fgiaOXu0COtzKQ7mg8lFQ1IpP7Y=">AAACJ3icbZBLS8NAEMc39VXjK+rRy2KR1ktJpKIXpdiLxwp9QRPKZrtpl24e7G7EEvJtvPhVvAgqoke/iZs2B20d2OHPb2aYnb8bMSqkaX5phZXVtfWN4qa+tb2zu2fsH3REGHNM2jhkIe+5SBBGA9KWVDLSizhBvstI1500snr3nnBBw6AlpxFxfDQKqEcxkgoNjGvb4wgnVprYiEVjlMI5aJUr8jRNWlmGV1Cf0165XHlQuJdlhRsDo2RWzVnAZWHlogTyaA6MV3sY4tgngcQMCdG3zEg6CeKSYkZS3Y4FiRCeoBHpKxkgnwgnmd2ZwhNFhtALuXqBhDP6eyJBvhBT31WdPpJjsVjL4H+1fiy9SyehQRRLEuD5Ii9mUIYwMw0OKSdYsqkSCHOq/grxGClHpLJWVyZYiycvi85Z1apVz+9qpfpNbkcRHIFjUAEWuAB1cAuaoA0weATP4A28a0/ai/ahfc5bC1o+cwj+hPb9A2jbo7o=</latexit>

(2)

A equação (2) tem soluções de forma diversa dependendo se 

C > 0

<latexit sha1_base64="URdJPpE+X1gtOWWgFHx06rF+g5E=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKRE8SzMVjRPOAZAmzk95kyOzsMjMrhJBP8OJBEa9+kTf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY1WZ+6wmV5rF8NOME/YgOJA85o8ZKD7Ubt1csuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjtT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0L8pepXx5XylVb7M48nACp3AOHlxBFe6gDg1gMIBneIU3RzgvzrvzsWjNOdnMMfyB8/kDidKNUQ==</latexit>

C = 0

<latexit sha1_base64="0EiPiavT5+1AtgYftvqKlf2fgIM=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKRC9CMBePEc0DkiXMTnqTIbOzy8ysEEI+wYsHRbz6Rd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gVJv5rSdUmsfy0YwT9CM6kDzkjBorPdRu3F6x5JbdOcgq8TJSggz1XvGr249ZGqE0TFCtO56bGH9CleFM4LTQTTUmlI3oADuWShqh9ifzU6fkzCp9EsbKljRkrv6emNBI63EU2M6ImqFe9mbif14nNeG1P+EySQ1KtlgUpoKYmMz+Jn2ukBkxtoQyxe2thA2poszYdAo2BG/55VXSvCh7lfLlfaVUvc3iyMMJnMI5eHAFVbiDOjSAwQCe4RXeHOG8OO/Ox6I152Qzx/AHzucPiE2NUA==</latexit>

C < 0

<latexit sha1_base64="ApNH1uQUd+fjSo+bRiaQrWYc5dk=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kooVFMI1lRPMByRH2NnPJkr29Y3dPCCE/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaCUW3mt55QaR7LRzNO0I/oQPKQM2qs9FC7cXvFklt25yCrxMtICTLUe8Wvbj9maYTSMEG17nhuYvwJVYYzgdNCN9WYUDaiA+xYKmmE2p/MT52SM6v0SRgrW9KQufp7YkIjrcdRYDsjaoZ62ZuJ/3md1ITX/oTLJDUo2WJRmApiYjL7m/S5QmbE2BLKFLe3EjakijJj0ynYELzll1dJ86LsVcqX95VS9TaLIw8ncArn4MEVVOEO6tAABgN4hld4c4Tz4rw7H4vWnJPNHMMfOJ8/hsiNTw==</latexit>

, ou

Victor Sacek IAG/USP
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Para                : C > 0

<latexit sha1_base64="URdJPpE+X1gtOWWgFHx06rF+g5E=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKRE8SzMVjRPOAZAmzk95kyOzsMjMrhJBP8OJBEa9+kTf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY1WZ+6wmV5rF8NOME/YgOJA85o8ZKD7Ubt1csuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjtT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0L8pepXx5XylVb7M48nACp3AOHlxBFe6gDg1gMIBneIU3RzgvzrvzsWjNOdnMMfyB8/kDidKNUQ==</latexit>

Assumindo que              , sendo       um número real não nuloC = �2

<latexit sha1_base64="uheToITYnk8dYLYVq3clBm0PhOg=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyUFt0IxW5cVrAPaKclk8m0oZnMkGSUMvQ/3LhQxK3/4s6/MW1noa0HAodzzuXeHC/mTGnb/rZyG5tb2zv53cLe/sHhUfH4pK2iRBLaIhGPZNfDinImaEszzWk3lhSHHqcdb9KY+51HKhWLxIOextQN8UiwgBGsjTRooBvU5ybu40EFDYslu2wvgNaJk5ESZGgOi199PyJJSIUmHCvVc+xYuymWmhFOZ4V+omiMyQSPaM9QgUOq3HRx9QxdGMVHQSTNExot1N8TKQ6VmoaeSYZYj9WqNxf/83qJDq7dlIk40VSQ5aIg4UhHaF4B8pmkRPOpIZhIZm5FZIwlJtoUVTAlOKtfXiftStmplmv31VL9NqsjD2dwDpfgwBXU4Q6a0AICEp7hFd6sJ+vFerc+ltGclc2cwh9Ynz+B75E7</latexit>

�

<latexit sha1_base64="87p802AjPb7Cs/EP/Opj7RaGDGU=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiSi6LLoxmUF+4A2lJvJpB06mYSZiVBCP8KNC0Xc+j3u/BunbRbaemDgcM65zL0nSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTlLVoIhLVDVAzwSVrGW4E66aKYRwI1gnGdzO/88SU5ol8NJOU+TEOJY84RWOlTl/YaIiDas2tu3OQVeIVpAYFmoPqVz9MaBYzaahArXuemxo/R2U4FWxa6WeapUjHOGQ9SyXGTPv5fN0pObNKSKJE2ScNmau/J3KMtZ7EgU3GaEZ62ZuJ/3m9zEQ3fs5lmhkm6eKjKBPEJGR2Owm5YtSIiSVIFbe7EjpChdTYhiq2BG/55FXSvqh7l/Wrh8ta47aoowwncArn4ME1NOAemtACCmN4hld4c1LnxXl3PhbRklPMHMMfOJ8/P12PhQ==</latexit>

Temos que

1

↵

T 0(t)

T (t)
= �2

<latexit sha1_base64="Yg+LAbWUbxxqu/6wGdZGB5qgu0w=">AAACGXicbVDLSgMxFM3UV62vqks3wSLWTZkpFd0IRTcuK/QFnbHcSTNtaOZBkhHKML/hxl9x40IRl7ryb0zbWWjrgYTDOffe5B434kwq0/w2ciura+sb+c3C1vbO7l5x/6Atw1gQ2iIhD0XXBUk5C2hLMcVpNxIUfJfTjju+mfqdByokC4OmmkTU8WEYMI8RUFrqF03bE0ASK01s4NEIUjwXmqdldZYmzemNr3DB5nrmAO6r/WLJrJgz4GViZaSEMjT6xU97EJLYp4EiHKTsWWaknASEYoTTtGDHkkZAxjCkPU0D8Kl0ktlmKT7RygB7odAnUHim/u5IwJdy4ru60gc1koveVPzP68XKu3QSFkSxogGZP+TFHKsQT2PCAyYoUXyiCRDB9F8xGYFORukwCzoEa3HlZdKuVqxa5fyuVqpfZ3Hk0RE6RmVkoQtUR7eogVqIoEf0jF7Rm/FkvBjvxse8NGdkPYfoD4yvH2hZn0M=</latexit>

T 0 � �2↵T = 0

<latexit sha1_base64="M5yEgDty1u6RR1MDXJxllPGNtug=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoNoY9gNEW2EoI1lhLwgu4a7s7PJkNkHM7NCWFLY+Cs2ForY+hF2/o2TR6GJBwYO59zDnXu8hDOpLOvbyK2srq1v5DcLW9s7u3vm/kFLxqkgtEliHouOB5JyFtGmYorTTiIohB6nbW94M/HbD1RIFkcNNUqoG0I/YgEjoLTUM4uNE3yGHa4TPtxXsAM8GQBu4Cts9cySVbamwMvEnpMSmqPeM78cPyZpSCNFOEjZta1EuRkIxQin44KTSpoAGUKfdjWNIKTSzaZHjPGxVnwcxEK/SOGp+juRQSjlKPT0ZAhqIBe9ifif101VcOlmLEpSRSMyWxSkHKsYTxrBPhOUKD7SBIhg+q+YDEAAUbq3gi7BXjx5mbQqZbtaPr+rlmrX8zryqIiO0Cmy0QWqoVtUR01E0CN6Rq/ozXgyXox342M2mjPmmUP0B8bnD7nIlZk=</latexit>

Busca-se uma solução da forma                     para esta EDO homogênea.T (t) = ept

<latexit sha1_base64="N/TO/iLpVDGPzD4YLMWuLhh4/lA=">AAAB9HicbVDLSgNBEJyNrxhfUY9eBoMQL2FXInoRgl48RsgLkjXMTjrJkNmHM72BsOQ7vHhQxKsf482/cZLsQRMLGoqqbrq7vEgKjbb9bWXW1jc2t7LbuZ3dvf2D/OFRQ4ex4lDnoQxVy2MapAigjgIltCIFzPckNL3R3cxvjkFpEQY1nETg+mwQiL7gDI3k1op4Tm8oPCYRTrv5gl2y56CrxElJgaSodvNfnV7IYx8C5JJp3XbsCN2EKRRcwjTXiTVEjI/YANqGBswH7Sbzo6f0zCg92g+VqQDpXP09kTBf64nvmU6f4VAvezPxP68dY//aTUQQxQgBXyzqx5JiSGcJ0J5QwFFODGFcCXMr5UOmGEeTU86E4Cy/vEoaFyWnXLp8KBcqt2kcWXJCTkmROOSKVMg9qZI64eSJPJNX8maNrRfr3fpYtGasdOaY/IH1+QNkM5E5</latexit>

1

↵

T 0(t)

T (t)
=

X 00(x)

X(x)
= C

<latexit sha1_base64="fgiaOXu0COtzKQ7mg8lFQ1IpP7Y=">AAACJ3icbZBLS8NAEMc39VXjK+rRy2KR1ktJpKIXpdiLxwp9QRPKZrtpl24e7G7EEvJtvPhVvAgqoke/iZs2B20d2OHPb2aYnb8bMSqkaX5phZXVtfWN4qa+tb2zu2fsH3REGHNM2jhkIe+5SBBGA9KWVDLSizhBvstI1500snr3nnBBw6AlpxFxfDQKqEcxkgoNjGvb4wgnVprYiEVjlMI5aJUr8jRNWlmGV1Cf0165XHlQuJdlhRsDo2RWzVnAZWHlogTyaA6MV3sY4tgngcQMCdG3zEg6CeKSYkZS3Y4FiRCeoBHpKxkgnwgnmd2ZwhNFhtALuXqBhDP6eyJBvhBT31WdPpJjsVjL4H+1fiy9SyehQRRLEuD5Ii9mUIYwMw0OKSdYsqkSCHOq/grxGClHpLJWVyZYiycvi85Z1apVz+9qpfpNbkcRHIFjUAEWuAB1cAuaoA0weATP4A28a0/ai/ahfc5bC1o+cwj+hPb9A2jbo7o=</latexit>

Victor Sacek IAG/USP
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T 0 � �2↵T = 0

<latexit sha1_base64="M5yEgDty1u6RR1MDXJxllPGNtug=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoNoY9gNEW2EoI1lhLwgu4a7s7PJkNkHM7NCWFLY+Cs2ForY+hF2/o2TR6GJBwYO59zDnXu8hDOpLOvbyK2srq1v5DcLW9s7u3vm/kFLxqkgtEliHouOB5JyFtGmYorTTiIohB6nbW94M/HbD1RIFkcNNUqoG0I/YgEjoLTUM4uNE3yGHa4TPtxXsAM8GQBu4Cts9cySVbamwMvEnpMSmqPeM78cPyZpSCNFOEjZta1EuRkIxQin44KTSpoAGUKfdjWNIKTSzaZHjPGxVnwcxEK/SOGp+juRQSjlKPT0ZAhqIBe9ifif101VcOlmLEpSRSMyWxSkHKsYTxrBPhOUKD7SBIhg+q+YDEAAUbq3gi7BXjx5mbQqZbtaPr+rlmrX8zryqIiO0Cmy0QWqoVtUR01E0CN6Rq/ozXgyXox342M2mjPmmUP0B8bnD7nIlZk=</latexit>

T (t) = ept

<latexit sha1_base64="N/TO/iLpVDGPzD4YLMWuLhh4/lA=">AAAB9HicbVDLSgNBEJyNrxhfUY9eBoMQL2FXInoRgl48RsgLkjXMTjrJkNmHM72BsOQ7vHhQxKsf482/cZLsQRMLGoqqbrq7vEgKjbb9bWXW1jc2t7LbuZ3dvf2D/OFRQ4ex4lDnoQxVy2MapAigjgIltCIFzPckNL3R3cxvjkFpEQY1nETg+mwQiL7gDI3k1op4Tm8oPCYRTrv5gl2y56CrxElJgaSodvNfnV7IYx8C5JJp3XbsCN2EKRRcwjTXiTVEjI/YANqGBswH7Sbzo6f0zCg92g+VqQDpXP09kTBf64nvmU6f4VAvezPxP68dY//aTUQQxQgBXyzqx5JiSGcJ0J5QwFFODGFcCXMr5UOmGEeTU86E4Cy/vEoaFyWnXLp8KBcqt2kcWXJCTkmROOSKVMg9qZI64eSJPJNX8maNrRfr3fpYtGasdOaY/IH1+QNkM5E5</latexit>

T 0(t) = pept

<latexit sha1_base64="nPILMA/2eQEoxpNFdz4oeL/FuFo=">AAAB+HicbVBNS8NAEN34WetHox69LBaxXkoiFb0IRS8eK/QL2lg22027dJMsuxOhhv4SLx4U8epP8ea/cdvmoK0PBh7vzTAzz5eCa3Ccb2tldW19YzO3ld/e2d0r2PsHTR0nirIGjUWs2j7RTPCINYCDYG2pGAl9wVr+6Hbqtx6Z0jyO6jCWzAvJIOIBpwSM1LML9dMSnOFrLNlDKmHSs4tO2ZkBLxM3I0WUodazv7r9mCYhi4AKonXHdSR4KVHAqWCTfDfRTBI6IgPWMTQiIdNeOjt8gk+M0sdBrExFgGfq74mUhFqPQ990hgSGetGbiv95nQSCKy/lkUyARXS+KEgEhhhPU8B9rhgFMTaEUMXNrZgOiSIUTFZ5E4K7+PIyaZ6X3Ur54r5SrN5kceTQETpGJeSiS1RFd6iGGoiiBD2jV/RmPVkv1rv1MW9dsbKZQ/QH1ucPEWGSFQ==</latexit>

pept � �2↵ept = 0

<latexit sha1_base64="xLwXf+bkvV4r8R+8UCAAIkEARCA=">AAACDnicbVC7SgNBFJ31GeNr1dJmMARsDLshoo0QtLGMYB6QF3dnZ5Mhs7vDzKwQlnyBjb9iY6GIrbWdf+Mk2UITDwwczrmHO/d4gjOlHefbWlldW9/YzG3lt3d29/btg8OGihNJaJ3EPJYtDxTlLKJ1zTSnLSEphB6nTW90M/WbD1QqFkf3eixoN4RBxAJGQBupbxcF7aVCT/AZ7nAT86FXxh3gYgg4c66w07cLTsmZAS8TNyMFlKHWt786fkySkEaacFCq7TpCd1OQmhFOJ/lOoqgAMoIBbRsaQUhVN52dM8FFo/g4iKV5kcYz9XcihVCpceiZyRD0UC16U/E/r53o4LKbskgkmkZkvihIONYxnnaDfSYp0XxsCBDJzF8xGYIEok2DeVOCu3jyMmmUS26ldH5XKVSvszpy6BidoFPkogtURbeohuqIoEf0jF7Rm/VkvVjv1sd8dMXKMkfoD6zPHxhJmtw=</latexit>

ept
�
p� �2↵

�
= 0

<latexit sha1_base64="Okdw7s/byDpUchgFk4KW0afy/pQ=">AAACFXicbVDLSgNBEJz1bXxFPXoZDIKChl1R9CKIXjwqGBWyMfROepPB2d1hplcIS37Ci7/ixYMiXgVv/o2TmIOvgoGiqouerkgracn3P7yR0bHxicmp6dLM7Nz8Qnlx6cJmuRFYE5nKzFUEFpVMsUaSFF5pg5BECi+jm+O+f3mLxsosPaeuxkYC7VTGUgA5qVnexOtCUy9UGNO65ls8VC7cguttHoLSHeChke0ObfAD7jfLFb/qD8D/kmBIKmyI02b5PWxlIk8wJaHA2nrga2oUYEgKhb1SmFvUIG6gjXVHU0jQNorBVT2+5pQWjzPjXkp8oH5PFJBY200iN5kAdexvry/+59VzivcbhUx1TpiKr0VxrjhlvF8Rb0mDglTXERBGur9y0QEDglyRJVdC8Pvkv+RiuxrsVHfPdiqHR8M6ptgKW2XrLGB77JCdsFNWY4LdsQf2xJ69e+/Re/Fev0ZHvGFmmf2A9/YJ2lCdVQ==</latexit>

p = �2↵

<latexit sha1_base64="WCWjJ5nrCVHMULnOvlVrv01nyak=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVZJS0Y1QdOOygn1AE8vNZNIOnUzCzESopfgrblwo4tb/cOffOG2z0NYDA4dz7uHeOUHKmdKO820tLa+srq0XNoqbW9s7u/beflMlmSS0QRKeyHYAinImaEMzzWk7lRTigNNWMLie+K0HKhVLxJ0eptSPoSdYxAhoI3XtwxRfYo+bQAj3FewBT/vQtUtO2ZkCLxI3JyWUo961v7wwIVlMhSYclOq4Tqr9EUjNCKfjopcpmgIZQI92DBUQU+WPpteP8YlRQhwl0jyh8VT9nRhBrNQwDsxkDLqv5r2J+J/XyXR04Y+YSDNNBZktijKOdYInVeCQSUo0HxoCRDJzKyZ9kEC0KaxoSnDnv7xImpWyWy2f3VZLtau8jgI6QsfoFLnoHNXQDaqjBiLoET2jV/RmPVkv1rv1MRtdsvLMAfoD6/MH25mUNw==</latexit>

Assim uma solução geral seria dada por:

T (t) = e�
2↵t

<latexit sha1_base64="eqG2+KRCFU9OEwPKP3pof/mYpB0=">AAACBnicbVDJSgNBFOxxjXEb9ShCYxDiJcyEiF6EoBePEbJBNt50OkmTnoXuN0IYcvLir3jxoIhXv8Gbf2NnOWhiQUNR9YrXr7xICo2O822trK6tb2ymttLbO7t7+/bBYVWHsWK8wkIZqroHmksR8AoKlLweKQ6+J3nNG95O/NoDV1qEQRlHEW/50A9ETzBAI3Xsk3IWz+k15e2kKU2sC+08bYKMBkBx3LEzTs6Zgi4Td04yZI5Sx/5qdkMW+zxAJkHrhutE2EpAoWCSj9PNWPMI2BD6vGFoAD7XrWR6xpieGaVLe6EyL0A6VX8nEvC1HvmemfQBB3rRm4j/eY0Ye1etRARRjDxgs0W9WFIM6aQT2hWKM5QjQ4ApYf5K2QAUMDTNpU0J7uLJy6Saz7mF3MV9IVO8mdeRIsfklGSJSy5JkdyREqkQRh7JM3klb9aT9WK9Wx+z0RVrnjkif2B9/gDtPpeJ</latexit>

1

↵

T 0(t)

T (t)
=

X 00(x)

X(x)
= C

<latexit sha1_base64="fgiaOXu0COtzKQ7mg8lFQ1IpP7Y=">AAACJ3icbZBLS8NAEMc39VXjK+rRy2KR1ktJpKIXpdiLxwp9QRPKZrtpl24e7G7EEvJtvPhVvAgqoke/iZs2B20d2OHPb2aYnb8bMSqkaX5phZXVtfWN4qa+tb2zu2fsH3REGHNM2jhkIe+5SBBGA9KWVDLSizhBvstI1500snr3nnBBw6AlpxFxfDQKqEcxkgoNjGvb4wgnVprYiEVjlMI5aJUr8jRNWlmGV1Cf0165XHlQuJdlhRsDo2RWzVnAZWHlogTyaA6MV3sY4tgngcQMCdG3zEg6CeKSYkZS3Y4FiRCeoBHpKxkgnwgnmd2ZwhNFhtALuXqBhDP6eyJBvhBT31WdPpJjsVjL4H+1fiy9SyehQRRLEuD5Ii9mUIYwMw0OKSdYsqkSCHOq/grxGClHpLJWVyZYiycvi85Z1apVz+9qpfpNbkcRHIFjUAEWuAB1cAuaoA0weATP4A28a0/ai/ahfc5bC1o+cwj+hPb9A2jbo7o=</latexit>

Para                : C > 0

<latexit sha1_base64="URdJPpE+X1gtOWWgFHx06rF+g5E=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKRE8SzMVjRPOAZAmzk95kyOzsMjMrhJBP8OJBEa9+kTf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY1WZ+6wmV5rF8NOME/YgOJA85o8ZKD7Ubt1csuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjtT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0L8pepXx5XylVb7M48nACp3AOHlxBFe6gDg1gMIBneIU3RzgvzrvzsWjNOdnMMfyB8/kDidKNUQ==</latexit>

Victor Sacek IAG/USP
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1

↵

T 0(t)

T (t)
=

X 00(x)

X(x)
= C

<latexit sha1_base64="fgiaOXu0COtzKQ7mg8lFQ1IpP7Y=">AAACJ3icbZBLS8NAEMc39VXjK+rRy2KR1ktJpKIXpdiLxwp9QRPKZrtpl24e7G7EEvJtvPhVvAgqoke/iZs2B20d2OHPb2aYnb8bMSqkaX5phZXVtfWN4qa+tb2zu2fsH3REGHNM2jhkIe+5SBBGA9KWVDLSizhBvstI1500snr3nnBBw6AlpxFxfDQKqEcxkgoNjGvb4wgnVprYiEVjlMI5aJUr8jRNWlmGV1Cf0165XHlQuJdlhRsDo2RWzVnAZWHlogTyaA6MV3sY4tgngcQMCdG3zEg6CeKSYkZS3Y4FiRCeoBHpKxkgnwgnmd2ZwhNFhtALuXqBhDP6eyJBvhBT31WdPpJjsVjL4H+1fiy9SyehQRRLEuD5Ii9mUIYwMw0OKSdYsqkSCHOq/grxGClHpLJWVyZYiycvi85Z1apVz+9qpfpNbkcRHIFjUAEWuAB1cAuaoA0weATP4A28a0/ai/ahfc5bC1o+cwj+hPb9A2jbo7o=</latexit>

X 00

X
= �2

<latexit sha1_base64="TV0yZJ8/sLInrJsOpKXhviBB2sQ=">AAACAnicbVDNSsNAGNz4W+tf1JN4WSxSTyUpFb0IRS8eK9g20MSy2WzapZtN2N0IJQQvvooXD4p49Sm8+TZu2xy0dWBhmPmGb7/xE0alsqxvY2l5ZXVtvbRR3tza3tk19/Y7Mk4FJm0cs1g4PpKEUU7aiipGnEQQFPmMdP3R9cTvPhAhaczv1DghXoQGnIYUI6WlvnnohgLhzKlW88zJ4SV0mQ4H6L7eNytWzZoCLhK7IBVQoNU3v9wgxmlEuMIMSdmzrUR5GRKKYkbysptKkiA8QgPS05SjiEgvm56QwxOtBDCMhX5cwan6O5GhSMpx5OvJCKmhnPcm4n9eL1XhhZdRnqSKcDxbFKYMqhhO+oABFQQrNtYEYUH1XyEeIt2J0q2VdQn2/MmLpFOv2Y3a2W2j0rwq6iiBI3AMToENzkET3IAWaAMMHsEzeAVvxpPxYrwbH7PRJaPIHIA/MD5/ALoUll0=</latexit>

Para                : C > 0

<latexit sha1_base64="URdJPpE+X1gtOWWgFHx06rF+g5E=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKRE8SzMVjRPOAZAmzk95kyOzsMjMrhJBP8OJBEa9+kTf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY1WZ+6wmV5rF8NOME/YgOJA85o8ZKD7Ubt1csuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjtT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0L8pepXx5XylVb7M48nACp3AOHlxBFe6gDg1gMIBneIU3RzgvzrvzsWjNOdnMMfyB8/kDidKNUQ==</latexit>

! X 00 � �2X = 0

<latexit sha1_base64="g2dVlkNHn1nm6aAfHdSo9+RSuBM=">AAACCXicbVC9TsMwGHTKXyl/AUYWiwqVhSqpimBBqmBhLBJtIzWhchynterEke2AqqgrC6/CwgBCrLwBG2+D22aAlpMsne6+0+fv/IRRqSzr2ygsLa+srhXXSxubW9s75u5eW/JUYNLCnHHh+EgSRmPSUlQx4iSCoMhnpOMPryZ+554ISXl8q0YJ8SLUj2lIMVJa6pnQFbQ/UEgI/gCdSgWeQJfpeIDuag68gFbPLFtVawq4SOyclEGOZs/8cgOO04jECjMkZde2EuVlSCiKGRmX3FSSBOEh6pOupjGKiPSy6SVjeKSVAIZc6BcrOFV/JzIUSTmKfD0ZITWQ895E/M/rpio89zIaJ6kiMZ4tClMGFYeTWmBABcGKjTRBWFD9V4gHSCCsdHklXYI9f/Iiadeqdr16elMvNy7zOorgAByCY2CDM9AA16AJWgCDR/AMXsGb8WS8GO/Gx2y0YOSZffAHxucPPp2YHQ==</latexit>

Busca-se, novamente, uma solução da seguinte forma: X(x) = eqx

<latexit sha1_base64="wtRu1kSq9ZwLRos066gcHYc1KU0=">AAAB9HicbVBNT8JAEN3iF+IX6tHLRmKCF9IajF5MiF48YiIfCVSyXaawYbstu1sCafgdXjxojFd/jDf/jQv0oOBLJnl5byYz87yIM6Vt+9vKrK1vbG5lt3M7u3v7B/nDo7oKY0mhRkMeyqZHFHAmoKaZ5tCMJJDA49DwBnczvzECqVgoHvUkAjcgPcF8Rok2ktssjs/xDYanZDiedvIFu2TPgVeJk5ICSlHt5L/a3ZDGAQhNOVGq5diRdhMiNaMcprl2rCAidEB60DJUkACUm8yPnuIzo3SxH0pTQuO5+nsiIYFSk8AznQHRfbXszcT/vFas/Ws3YSKKNQi6WOTHHOsQzxLAXSaBaj4xhFDJzK2Y9okkVJucciYEZ/nlVVK/KDnl0uVDuVC5TePIohN0iorIQVeogu5RFdUQRUP0jF7RmzWyXqx362PRmrHSmWP0B9bnD3hFkUY=</latexit>

q2eqx � �2eqx = 0

<latexit sha1_base64="3u3SbfwLce8RO0jTEjKX53UhNj4=">AAACCXicbVC7SgNBFL3rM8bXqqXNYBBsDLshoo0QtLGMYB6QbMLs7GwyZPaRmVkxLGlt/BUbC0Vs/QM7/8ZJsoUmHhg4nHMPd+5xY86ksqxvY2l5ZXVtPbeR39za3tk19/brMkoEoTUS8Ug0XSwpZyGtKaY4bcaC4sDltOEOrid+454KyaLwTo1i6gS4FzKfEay01DXRsFOinXT4MEanqM110MOdEsqkS2R1zYJVtKZAi8TOSAEyVLvmV9uLSBLQUBGOpWzZVqycFAvFCKfjfDuRNMZkgHu0pWmIAyqddHrJGB1rxUN+JPQLFZqqvxMpDqQcBa6eDLDqy3lvIv7ntRLlXzgpC+NE0ZDMFvkJRypCk1qQxwQlio80wUQw/VdE+lhgonR5eV2CPX/yIqmXina5eHZbLlSusjpycAhHcAI2nEMFbqAKNSDwCM/wCm/Gk/FivBsfs9ElI8scwB8Ynz88J5jD</latexit>

eqx
�
q2 � �2

�
= 0

<latexit sha1_base64="NRfq4tynM6JXy8q1Id8+lSlHDBM=">AAACEXicbZC7SgNBFIZnvRtvq5Y2g0GIhWE3RLQRgjaWCsYEcmN2cjYZMnvJzFkxLHkFG1/FxkIRWzs738ZJTKGJPwx8/Occzpzfi6XQ6Dhf1tz8wuLS8spqZm19Y3PL3t651VGiOJR5JCNV9ZgGKUIoo0AJ1VgBCzwJFa93MapX7kBpEYU3OIihEbBOKHzBGRqrZeegmfbvh7Quwcdcv1mgR4bNfJsZrivR6eIhPaNOy846eWcsOgvuBLJkoquW/VlvRzwJIEQumdY114mxkTKFgksYZuqJhpjxHutAzWDIAtCNdHzRkB4Yp039SJkXIh27vydSFmg9CDzTGTDs6unayPyvVkvQP22kIowThJD/LPITSTGio3hoWyjgKAcGGFfC/JXyLlOMowkxY0Jwp0+ehdtC3i3mj6+L2dL5JI4Vskf2SY645ISUyCW5ImXCyQN5Ii/k1Xq0nq036/2ndc6azOySP7I+vgFICpth</latexit>

!

<latexit sha1_base64="xdCKiTivUbtG9dMa7+zKK3CXlUo=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7AekoWy2m3bpJht2J0op/RlePCji1V/jzX/jts1BWx8MPN6bYWZemEph0HW/ncLa+sbmVnG7tLO7t39QPjxqGZVpxptMSaU7ITVcioQ3UaDknVRzGoeSt8PR7cxvP3JthEoecJzyIKaDRESCUbSS39ViMESqtXrqlStu1Z2DrBIvJxXI0eiVv7p9xbKYJ8gkNcb33BSDCdUomOTTUjczPKVsRAfctzShMTfBZH7ylJxZpU8ipW0lSObq74kJjY0Zx6HtjCkOzbI3E//z/Ayj62AikjRDnrDFoiiTBBWZ/U/6QnOGcmwJZVrYWwkbUk0Z2pRKNgRv+eVV0rqoerXq5X2tUr/J4yjCCZzCOXhwBXW4gwY0gYGCZ3iFNwedF+fd+Vi0Fpx85hj+wPn8AcVTkZU=</latexit>

q = ±�

<latexit sha1_base64="wtojlDtqHU7CmMi/RsstWH3TQxE=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURRTdC0Y3LCvYBTSiTyaQdOpPEmYlQQ7/EjQtF3Pop7vwbp20W2npg4HDOPdw7J0g5U9pxvq3Syura+kZ5s7K1vbNbtff22yrJJKEtkvBEdgOsKGcxbWmmOe2mkmIRcNoJRjdTv/NIpWJJfK/HKfUFHsQsYgRrI/Xt6gO6Ql4qkMdNKMR9u+bUnRnQMnELUoMCzb795YUJyQSNNeFYqZ7rpNrPsdSMcDqpeJmiKSYjPKA9Q2MsqPLz2eETdGyUEEWJNC/WaKb+TuRYKDUWgZkUWA/VojcV//N6mY4u/ZzFaaZpTOaLoowjnaBpCyhkkhLNx4ZgIpm5FZEhlpho01XFlOAufnmZtE/r7ln9/O6s1rgu6ijDIRzBCbhwAQ24hSa0gEAGz/AKb9aT9WK9Wx/z0ZJVZA7gD6zPH2qLkk0=</latexit>

!

<latexit sha1_base64="xdCKiTivUbtG9dMa7+zKK3CXlUo=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7AekoWy2m3bpJht2J0op/RlePCji1V/jzX/jts1BWx8MPN6bYWZemEph0HW/ncLa+sbmVnG7tLO7t39QPjxqGZVpxptMSaU7ITVcioQ3UaDknVRzGoeSt8PR7cxvP3JthEoecJzyIKaDRESCUbSS39ViMESqtXrqlStu1Z2DrBIvJxXI0eiVv7p9xbKYJ8gkNcb33BSDCdUomOTTUjczPKVsRAfctzShMTfBZH7ylJxZpU8ipW0lSObq74kJjY0Zx6HtjCkOzbI3E//z/Ayj62AikjRDnrDFoiiTBBWZ/U/6QnOGcmwJZVrYWwkbUk0Z2pRKNgRv+eVV0rqoerXq5X2tUr/J4yjCCZzCOXhwBXW4gwY0gYGCZ3iFNwedF+fd+Vi0Fpx85hj+wPn8AcVTkZU=</latexit>

Temos assim duas soluções particulares:                         eX1(x) = e�x

<latexit sha1_base64="kczqLImyfahRGC+/FR+R94o9/KU=">AAAB/3icbVC7SgNBFL0bXzG+VgUbm8EgxCbsSkQbIWhjGcE8IFmX2dnZZMjsg5lZSVhT+Cs2ForY+ht2/o2TR6GJBwYO59zDvXO8hDOpLOvbyC0tr6yu5dcLG5tb2zvm7l5DxqkgtE5iHouWhyXlLKJ1xRSnrURQHHqcNr3+9dhvPlAhWRzdqWFCnRB3IxYwgpWWXPOg5dqlwQm6RPQ+63Ad9DEajFyzaJWtCdAisWekCDPUXPOr48ckDWmkCMdStm0rUU6GhWKE01Ghk0qaYNLHXdrWNMIhlU42uX+EjrXioyAW+kUKTdTfiQyHUg5DT0+GWPXkvDcW//PaqQounIxFSapoRKaLgpQjFaNxGchnghLFh5pgIpi+FZEeFpgoXVlBl2DPf3mRNE7LdqV8dlspVq9mdeThEI6gBDacQxVuoAZ1IPAIz/AKb8aT8WK8Gx/T0Zwxy+zDHxifP/PQlM0=</latexit>

X2(x) = e��x

<latexit sha1_base64="R2NVseM2MH+JJIf2QwhJ0YOwdvs=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUBeWpFR0IxTduKxgH9DGMJlM2qGTSZiZSEvIxl9x40IRt36GO//GaZuFVg8MHM65hzv3eDGjUlnWl1FYWl5ZXSuulzY2t7Z3zN29towSgUkLRywSXQ9JwignLUUVI91YEBR6jHS80fXU7zwQIWnE79QkJk6IBpwGFCOlJdc86Lq1yvgEXkJyn572mU76CI4z1yxbVWsG+JfYOSmDHE3X/Oz7EU5CwhVmSMqebcXKSZFQFDOSlfqJJDHCIzQgPU05Col00tkBGTzWig+DSOjHFZypPxMpCqWchJ6eDJEaykVvKv7n9RIVXDgp5XGiCMfzRUHCoIrgtA3oU0GwYhNNEBZU/xXiIRIIK91ZSZdgL578l7RrVbtePbutlxtXeR1FcAiOQAXY4Bw0wA1oghbAIANP4AW8Go/Gs/FmvM9HC0ae2Qe/YHx8A2QGlQU=</latexit>

tal que a solução geral pode ser dada por: 

X(x) = �e�x + ✓e��x

<latexit sha1_base64="D118qlrp2gF2zspaPf8RKXCAuaE=">AAACHHicbVBdSxtBFJ3VfsRo66qPfRkaBKU07GpKfRFEX/qo0MRANoa7k5tkyMzuMnO3JCz5Ib74V3zxQRFffCj03zj5gLbqgYHDOfdw5544U9JSEPzxlpbfvH33vrRSXl378HHd39hs2DQ3AusiValpxmBRyQTrJElhMzMIOlZ4Hg9Ppv75LzRWpslPGmfY1tBPZE8KICd1/P3mzmiXH/KoD1oDx4siUi7dBT6a8C88ogHSTP76V+/4laAazMBfknBBKmyB047/GHVTkWtMSCiwthUGGbULMCSFwkk5yi1mIIbQx5ajCWi07WJ23IRvO6XLe6lxLyE+U/9NFKCtHevYTWqggX3uTcXXvFZOvYN2IZMsJ0zEfFEvV5xSPm2Kd6VBQWrsCAgj3V+5GIABQa7PsishfH7yS9LYq4a16rezWuXoeFFHiX1in9kOC9l3dsR+sFNWZ4Jdsmt2y+68K+/Gu/ce5qNL3iKzxf6D9/sJ8E+gGA==</latexit>

Victor Sacek IAG/USP



Solução da equação de difusão pelo método 
de separação de variáveis no caso 1D

1

↵

T 0(t)

T (t)
=

X 00(x)

X(x)
= C

<latexit sha1_base64="fgiaOXu0COtzKQ7mg8lFQ1IpP7Y=">AAACJ3icbZBLS8NAEMc39VXjK+rRy2KR1ktJpKIXpdiLxwp9QRPKZrtpl24e7G7EEvJtvPhVvAgqoke/iZs2B20d2OHPb2aYnb8bMSqkaX5phZXVtfWN4qa+tb2zu2fsH3REGHNM2jhkIe+5SBBGA9KWVDLSizhBvstI1500snr3nnBBw6AlpxFxfDQKqEcxkgoNjGvb4wgnVprYiEVjlMI5aJUr8jRNWlmGV1Cf0165XHlQuJdlhRsDo2RWzVnAZWHlogTyaA6MV3sY4tgngcQMCdG3zEg6CeKSYkZS3Y4FiRCeoBHpKxkgnwgnmd2ZwhNFhtALuXqBhDP6eyJBvhBT31WdPpJjsVjL4H+1fiy9SyehQRRLEuD5Ii9mUIYwMw0OKSdYsqkSCHOq/grxGClHpLJWVyZYiycvi85Z1apVz+9qpfpNbkcRHIFjUAEWuAB1cAuaoA0weATP4A28a0/ai/ahfc5bC1o+cwj+hPb9A2jbo7o=</latexit>

Para                : C > 0

<latexit sha1_base64="URdJPpE+X1gtOWWgFHx06rF+g5E=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKRE8SzMVjRPOAZAmzk95kyOzsMjMrhJBP8OJBEa9+kTf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY1WZ+6wmV5rF8NOME/YgOJA85o8ZKD7Ubt1csuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjtT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0L8pepXx5XylVb7M48nACp3AOHlxBFe6gDg1gMIBneIU3RzgvzrvzsWjNOdnMMfyB8/kDidKNUQ==</latexit>

X(x) = �e�x + ✓e��x

<latexit sha1_base64="D118qlrp2gF2zspaPf8RKXCAuaE=">AAACHHicbVBdSxtBFJ3VfsRo66qPfRkaBKU07GpKfRFEX/qo0MRANoa7k5tkyMzuMnO3JCz5Ib74V3zxQRFffCj03zj5gLbqgYHDOfdw5544U9JSEPzxlpbfvH33vrRSXl378HHd39hs2DQ3AusiValpxmBRyQTrJElhMzMIOlZ4Hg9Ppv75LzRWpslPGmfY1tBPZE8KICd1/P3mzmiXH/KoD1oDx4siUi7dBT6a8C88ogHSTP76V+/4laAazMBfknBBKmyB047/GHVTkWtMSCiwthUGGbULMCSFwkk5yi1mIIbQx5ajCWi07WJ23IRvO6XLe6lxLyE+U/9NFKCtHevYTWqggX3uTcXXvFZOvYN2IZMsJ0zEfFEvV5xSPm2Kd6VBQWrsCAgj3V+5GIABQa7PsishfH7yS9LYq4a16rezWuXoeFFHiX1in9kOC9l3dsR+sFNWZ4Jdsmt2y+68K+/Gu/ce5qNL3iKzxf6D9/sJ8E+gGA==</latexit>

T (t) = e�
2↵t

<latexit sha1_base64="eqG2+KRCFU9OEwPKP3pof/mYpB0=">AAACBnicbVDJSgNBFOxxjXEb9ShCYxDiJcyEiF6EoBePEbJBNt50OkmTnoXuN0IYcvLir3jxoIhXv8Gbf2NnOWhiQUNR9YrXr7xICo2O822trK6tb2ymttLbO7t7+/bBYVWHsWK8wkIZqroHmksR8AoKlLweKQ6+J3nNG95O/NoDV1qEQRlHEW/50A9ETzBAI3Xsk3IWz+k15e2kKU2sC+08bYKMBkBx3LEzTs6Zgi4Td04yZI5Sx/5qdkMW+zxAJkHrhutE2EpAoWCSj9PNWPMI2BD6vGFoAD7XrWR6xpieGaVLe6EyL0A6VX8nEvC1HvmemfQBB3rRm4j/eY0Ye1etRARRjDxgs0W9WFIM6aQT2hWKM5QjQ4ApYf5K2QAUMDTNpU0J7uLJy6Saz7mF3MV9IVO8mdeRIsfklGSJSy5JkdyREqkQRh7JM3klb9aT9WK9Wx+z0RVrnjkif2B9/gDtPpeJ</latexit>

u(x, t) = X(x) · T (t)

<latexit sha1_base64="zMEHKmoWXOhZukc/0NCtR0cI4xc=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NB2ICEXYnoRQh68RghL0iWMDuZJENmZ5eZXkkI8eKvePGgiFf/wpt/4+Rx0MSChqKqm+6uIBZcg+t+W6mV1bX1jfRmZmt7Z3fP3j+o6ihRlFVoJCJVD4hmgktWAQ6C1WPFSBgIVgv6txO/9sCU5pEswzBmfki6knc4JWCkln2UOIMzyOFrXHcGOdyk7Qhw2YFcy866eXcKvEy8OcmiOUot+6vZjmgSMglUEK0bnhuDPyIKOBVsnGkmmsWE9kmXNQyVJGTaH00/GONTo7RxJ1KmJOCp+ntiREKth2FgOkMCPb3oTcT/vEYCnSt/xGWcAJN0tqiTCAwRnsSB21wxCmJoCKGKm1sx7RFFKJjQMiYEb/HlZVI9z3uF/MV9IVu8mceRRsfoBDnIQ5eoiO5QCVUQRY/oGb2iN+vJerHerY9Za8qazxyiP7A+fwCxI5R+</latexit>

(1)

u(x, t) =
�
�e�x + ✓e��x

�
e�

2↵t

<latexit sha1_base64="XpBxE6HrZr7FWvoogGTegXmyPho="></latexit>

Porém esta não é 
uma função limitada

Victor Sacek IAG/USP



Solução da equação de difusão pelo método 
de separação de variáveis no caso 1D

1

↵

T 0(t)

T (t)
=

X 00(x)

X(x)
= C

<latexit sha1_base64="fgiaOXu0COtzKQ7mg8lFQ1IpP7Y=">AAACJ3icbZBLS8NAEMc39VXjK+rRy2KR1ktJpKIXpdiLxwp9QRPKZrtpl24e7G7EEvJtvPhVvAgqoke/iZs2B20d2OHPb2aYnb8bMSqkaX5phZXVtfWN4qa+tb2zu2fsH3REGHNM2jhkIe+5SBBGA9KWVDLSizhBvstI1500snr3nnBBw6AlpxFxfDQKqEcxkgoNjGvb4wgnVprYiEVjlMI5aJUr8jRNWlmGV1Cf0165XHlQuJdlhRsDo2RWzVnAZWHlogTyaA6MV3sY4tgngcQMCdG3zEg6CeKSYkZS3Y4FiRCeoBHpKxkgnwgnmd2ZwhNFhtALuXqBhDP6eyJBvhBT31WdPpJjsVjL4H+1fiy9SyehQRRLEuD5Ii9mUIYwMw0OKSdYsqkSCHOq/grxGClHpLJWVyZYiycvi85Z1apVz+9qpfpNbkcRHIFjUAEWuAB1cAuaoA0weATP4A28a0/ai/ahfc5bC1o+cwj+hPb9A2jbo7o=</latexit>

Para                : C < 0

<latexit sha1_base64="ApNH1uQUd+fjSo+bRiaQrWYc5dk=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kooVFMI1lRPMByRH2NnPJkr29Y3dPCCE/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaCUW3mt55QaR7LRzNO0I/oQPKQM2qs9FC7cXvFklt25yCrxMtICTLUe8Wvbj9maYTSMEG17nhuYvwJVYYzgdNCN9WYUDaiA+xYKmmE2p/MT52SM6v0SRgrW9KQufp7YkIjrcdRYDsjaoZ62ZuJ/3md1ITX/oTLJDUo2WJRmApiYjL7m/S5QmbE2BLKFLe3EjakijJj0ynYELzll1dJ86LsVcqX95VS9TaLIw8ncArn4MEVVOEO6tAABgN4hld4c4Tz4rw7H4vWnJPNHMMfOJ8/hsiNTw==</latexit>

Assumindo que                    , sendo       um número real não nulo�

<latexit sha1_base64="87p802AjPb7Cs/EP/Opj7RaGDGU=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiSi6LLoxmUF+4A2lJvJpB06mYSZiVBCP8KNC0Xc+j3u/BunbRbaemDgcM65zL0nSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTlLVoIhLVDVAzwSVrGW4E66aKYRwI1gnGdzO/88SU5ol8NJOU+TEOJY84RWOlTl/YaIiDas2tu3OQVeIVpAYFmoPqVz9MaBYzaahArXuemxo/R2U4FWxa6WeapUjHOGQ9SyXGTPv5fN0pObNKSKJE2ScNmau/J3KMtZ7EgU3GaEZ62ZuJ/3m9zEQ3fs5lmhkm6eKjKBPEJGR2Owm5YtSIiSVIFbe7EjpChdTYhiq2BG/55FXSvqh7l/Wrh8ta47aoowwncArn4ME1NOAemtACCmN4hld4c1LnxXl3PhbRklPMHMMfOJ8/P12PhQ==</latexit>

Temos que

C = ��2

<latexit sha1_base64="rgowPQQk4VGhbKlwD3mgI2LlrIo=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgxjJTKroRit24rGAf0E5LJpNpQzOZIckoZeh/uHGhiFv/xZ1/Y9rOQlsPBA7nnMu9OV7MmdK2/W3l1tY3Nrfy24Wd3b39g+LhUUtFiSS0SSIeyY6HFeVM0KZmmtNOLCkOPU7b3rg+89uPVCoWiQc9iakb4qFgASNYG6lfRzfoosdN3sf9yqBYssv2HGiVOBkpQYbGoPjV8yOShFRowrFSXceOtZtiqRnhdFroJYrGmIzxkHYNFTikyk3nV0/RmVF8FETSPKHRXP09keJQqUnomWSI9UgtezPxP6+b6ODaTZmIE00FWSwKEo50hGYVIJ9JSjSfGIKJZOZWREZYYqJNUQVTgrP85VXSqpSdavnyvlqq3WZ15OEETuEcHLiCGtxBA5pAQMIzvMKb9WS9WO/WxyKas7KZY/gD6/MHk+uRSA==</latexit>

1

↵

T 0

T
= ��2

<latexit sha1_base64="3o9pRhpOzN9Wd8+OoSEtqHHIj2s=">AAACE3icbVC7SgNBFJ2NrxhfUUubwSCKYNgNEW2EoI1lhLwgu4a7s7PJkNkHM7NCWPYfbPwVGwtFbG3s/Bsnj0ITD1w4nHPvzL3HjTmTyjS/jdzS8srqWn69sLG5tb1T3N1rySgRhDZJxCPRcUFSzkLaVExx2okFhcDltO0Ob8Z++4EKyaKwoUYxdQLoh8xnBJSWesVT2xdAUitLbeDxADI8FRrHWdrI8BU+s7l+zYP7Sq9YMsvmBHiRWDNSQjPUe8Uv24tIEtBQEQ5Sdi0zVk4KQjHCaVawE0ljIEPo066mIQRUOunkpgwfacXDfiR0hQpP1N8TKQRSjgJXdwagBnLeG4v/ed1E+ZdOysI4UTQk04/8hGMV4XFA2GOCEsVHmgARTO+KyQB0JkrHWNAhWPMnL5JWpWxVy+d31VLtehZHHh2gQ3SCLHSBaugW1VETEfSIntErejOejBfj3fiYtuaM2cw++gPj8wcQY52g</latexit>

T (t) = ept

<latexit sha1_base64="N/TO/iLpVDGPzD4YLMWuLhh4/lA=">AAAB9HicbVDLSgNBEJyNrxhfUY9eBoMQL2FXInoRgl48RsgLkjXMTjrJkNmHM72BsOQ7vHhQxKsf482/cZLsQRMLGoqqbrq7vEgKjbb9bWXW1jc2t7LbuZ3dvf2D/OFRQ4ex4lDnoQxVy2MapAigjgIltCIFzPckNL3R3cxvjkFpEQY1nETg+mwQiL7gDI3k1op4Tm8oPCYRTrv5gl2y56CrxElJgaSodvNfnV7IYx8C5JJp3XbsCN2EKRRcwjTXiTVEjI/YANqGBswH7Sbzo6f0zCg92g+VqQDpXP09kTBf64nvmU6f4VAvezPxP68dY//aTUQQxQgBXyzqx5JiSGcJ0J5QwFFODGFcCXMr5UOmGEeTU86E4Cy/vEoaFyWnXLp8KBcqt2kcWXJCTkmROOSKVMg9qZI64eSJPJNX8maNrRfr3fpYtGasdOaY/IH1+QNkM5E5</latexit>

T 0(t) = pept

<latexit sha1_base64="nPILMA/2eQEoxpNFdz4oeL/FuFo=">AAAB+HicbVBNS8NAEN34WetHox69LBaxXkoiFb0IRS8eK/QL2lg22027dJMsuxOhhv4SLx4U8epP8ea/cdvmoK0PBh7vzTAzz5eCa3Ccb2tldW19YzO3ld/e2d0r2PsHTR0nirIGjUWs2j7RTPCINYCDYG2pGAl9wVr+6Hbqtx6Z0jyO6jCWzAvJIOIBpwSM1LML9dMSnOFrLNlDKmHSs4tO2ZkBLxM3I0WUodazv7r9mCYhi4AKonXHdSR4KVHAqWCTfDfRTBI6IgPWMTQiIdNeOjt8gk+M0sdBrExFgGfq74mUhFqPQ990hgSGetGbiv95nQSCKy/lkUyARXS+KEgEhhhPU8B9rhgFMTaEUMXNrZgOiSIUTFZ5E4K7+PIyaZ6X3Ur54r5SrN5kceTQETpGJeSiS1RFd6iGGoiiBD2jV/RmPVkv1rv1MW9dsbKZQ/QH1ucPEWGSFQ==</latexit>

! T 0 + ↵�2T = 0

<latexit sha1_base64="BteJ/ulP9jPzqP4r2b9X9zrUxhI=">AAACEHicbVDLSgMxFM34rPU16tJNsEgFocyUim6EohuXFfqCTi130rQTmskMSUYppZ/gxl9x40IRty7d+Tem7Sy09cCFwzn3JvceP+ZMacf5tpaWV1bX1jMb2c2t7Z1de2+/rqJEElojEY9k0wdFORO0ppnmtBlLCqHPacMfXE/8xj2VikWiqocxbYfQF6zHCGgjdey8J1k/0CBl9ICreXyKPeBxANjj5pEu3BVxFV9ip2PnnIIzBV4kbkpyKEWlY3953YgkIRWacFCq5Tqxbo9AakY4HWe9RNEYyAD6tGWogJCq9mh60BgfG6WLe5E0JTSeqr8nRhAqNQx90xmCDtS8NxH/81qJ7l20R0zEiaaCzD7qJRzrCE/SwV0mKdF8aAgQycyumAQggWiTYdaE4M6fvEjqxYJbKpzdlnLlqzSODDpER+gEuegcldENqqAaIugRPaNX9GY9WS/Wu/Uxa12y0pkD9AfW5w9N7ZrU</latexit>

pept + ↵�2ept = 0

<latexit sha1_base64="FJ3wHEEiQfqD9alKsTJUYy9B0Ek=">AAACDnicbVDLSgMxFM34rPU16tJNsBQEocyUim6EohuXFewD+uJOJtOGZmZCkhHK0C9w46+4caGIW9fu/BvTdhbaeiBwOOcebu7xBGdKO863tbK6tr6xmdvKb+/s7u3bB4cNFSeS0DqJeSxbHijKWUTrmmlOW0JSCD1Om97oZuo3H6hULI7u9VjQbgiDiAWMgDZS3y4K2kuFnuAz3AEuhoA73KR96JVx5lxhp28XnJIzA14mbkYKKEOtb391/JgkIY004aBU23WE7qYgNSOcTvKdRFEBZAQD2jY0gpCqbjo7Z4KLRvFxEEvzIo1n6u9ECqFS49AzkyHooVr0puJ/XjvRwWU3ZZFINI3IfFGQcKxjPO0G+0xSovnYECCSmb9iMgQJRJsG86YEd/HkZdIol9xK6fyuUqheZ3Xk0DE6QafIRReoim5RDdURQY/oGb2iN+vJerHerY/56IqVZY7QH1ifPxYimto=</latexit>

! ept
�
p+ ↵�2

�
= 0

<latexit sha1_base64="EueNECj7YQHGxmMZIyFENHzP6VM=">AAACIHicbVBLSzMxFM34tj6+qks3wSIoQpkRP3QjiG5cKlgVOrXcSe+0wcxMSO4oZehPceNfceNCEd3przF9LHwdCBzOOTfJPZFW0pLvv3tj4xOTU9Mzs6W5+YXFf+Wl5XOb5UZgTWQqM5cRWFQyxRpJUnipDUISKbyIro/6/sUNGiuz9Iy6GhsJtFMZSwHkpGZ5NzSy3SEwJrvleFVo6oUKY9rQfIuHoHQHeKjcfS242h5mN/k+95vlil/1B+C/STAiFTbCSbP8FrYykSeYklBgbT3wNTUKMCSFwl4pzC1qENfQxrqjKSRoG8VgwR5fd0qLx5lxJyU+UL9OFJBY200il0yAOvan1xf/8uo5xXuNQqY6J0zF8KE4V5wy3m+Lt6RBQarrCAgj3V+56IABQa7Tkish+Lnyb3K+XQ12qv9PdyoHh6M6ZtgqW2MbLGC77IAdsxNWY4LdsQf2xJ69e+/Re/Feh9ExbzSzwr7B+/gEWYqiZg==</latexit>

! p = �↵�2

<latexit sha1_base64="nUgQD9ddGQPjoBUSsMAYd4WZzho=">AAACC3icbVDLSsNAFJ34rPUVdelmaBHcWJJS0Y1QdOOygn1AE8vNZNIOnTyYmSgldO/GX3HjQhG3/oA7/8Zpm4W2HrhwOOfemXuPl3AmlWV9G0vLK6tr64WN4ubW9s6uubffknEqCG2SmMei44GknEW0qZjitJMICqHHadsbXk389j0VksXRrRol1A2hH7GAEVBa6pklR7D+QIEQ8QNO8AU+wQ7wZADY4foVH+6qPbNsVawp8CKxc1JGORo988vxY5KGNFKEg5Rd20qUm4FQjHA6LjqppAmQIfRpV9MIQirdbHrLGB9pxcdBLHRFCk/V3xMZhFKOQk93hqAGct6biP953VQF527GoiRVNCKzj4KUYxXjSTDYZ4ISxUeaABFM74rJAAQQpeMr6hDs+ZMXSatasWuV05tauX6Zx1FAh6iEjpGNzlAdXaMGaiKCHtEzekVvxpPxYrwbH7PWJSOfOUB/YHz+ACCRmdU=</latexit>

T (t) = e�↵�2t

<latexit sha1_base64="eP9GnoT/M05PwBqoOLsPjJmGyeA=">AAACBnicbVDJSgNBFOyJW4xb1KMIjUGIB8NMiOhFCHrxGCEbZONNp5M06VnofiOEIScv/ooXD4p49Ru8+Td2loMmFjQUVa94/coNpdBo299WYmV1bX0juZna2t7Z3UvvH1R1ECnGKyyQgaq7oLkUPq+gQMnroeLguZLX3OHtxK89cKVF4JdxFPKWB31f9AQDNFInfVzO4hm9prwdnzdBhgOgTWniXWjncdxJZ+ycPQVdJs6cZMgcpU76q9kNWORxH5kErRuOHWIrBoWCST5ONSPNQ2BD6POGoT54XLfi6RljemqULu0Fyjwf6VT9nYjB03rkuWbSAxzoRW8i/uc1IuxdtWLhhxFyn80W9SJJMaCTTmhXKM5QjgwBpoT5K2UDUMDQNJcyJTiLJy+Taj7nFHIX94VM8WZeR5IckROSJQ65JEVyR0qkQhh5JM/klbxZT9aL9W59zEYT1jxzSP7A+vwB/yaXlg==</latexit>

Victor Sacek IAG/USP



Solução da equação de difusão pelo método 
de separação de variáveis no caso 1D

1

↵

T 0(t)

T (t)
=

X 00(x)

X(x)
= C

<latexit sha1_base64="fgiaOXu0COtzKQ7mg8lFQ1IpP7Y=">AAACJ3icbZBLS8NAEMc39VXjK+rRy2KR1ktJpKIXpdiLxwp9QRPKZrtpl24e7G7EEvJtvPhVvAgqoke/iZs2B20d2OHPb2aYnb8bMSqkaX5phZXVtfWN4qa+tb2zu2fsH3REGHNM2jhkIe+5SBBGA9KWVDLSizhBvstI1500snr3nnBBw6AlpxFxfDQKqEcxkgoNjGvb4wgnVprYiEVjlMI5aJUr8jRNWlmGV1Cf0165XHlQuJdlhRsDo2RWzVnAZWHlogTyaA6MV3sY4tgngcQMCdG3zEg6CeKSYkZS3Y4FiRCeoBHpKxkgnwgnmd2ZwhNFhtALuXqBhDP6eyJBvhBT31WdPpJjsVjL4H+1fiy9SyehQRRLEuD5Ii9mUIYwMw0OKSdYsqkSCHOq/grxGClHpLJWVyZYiycvi85Z1apVz+9qpfpNbkcRHIFjUAEWuAB1cAuaoA0weATP4A28a0/ai/ahfc5bC1o+cwj+hPb9A2jbo7o=</latexit>

Para                : C < 0

<latexit sha1_base64="ApNH1uQUd+fjSo+bRiaQrWYc5dk=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kooVFMI1lRPMByRH2NnPJkr29Y3dPCCE/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaCUW3mt55QaR7LRzNO0I/oQPKQM2qs9FC7cXvFklt25yCrxMtICTLUe8Wvbj9maYTSMEG17nhuYvwJVYYzgdNCN9WYUDaiA+xYKmmE2p/MT52SM6v0SRgrW9KQufp7YkIjrcdRYDsjaoZ62ZuJ/3md1ITX/oTLJDUo2WJRmApiYjL7m/S5QmbE2BLKFLe3EjakijJj0ynYELzll1dJ86LsVcqX95VS9TaLIw8ncArn4MEVVOEO6tAABgN4hld4c4Tz4rw7H4vWnJPNHMMfOJ8/hsiNTw==</latexit>

X 00

X
= ��2

<latexit sha1_base64="u8BxotTAyuPbGFcqBVODEabza/U=">AAACA3icbVDNSsNAGNzUv1r/ot70slikXixJqehFKHrxWMG2gSaWzXbTLt1swu5GKCHgxVfx4kERr76EN9/GbZuDtg4sDDPf8O03fsyoVJb1bRSWlldW14rrpY3Nre0dc3evLaNEYNLCEYuE4yNJGOWkpahixIkFQaHPSMcfXU/8zgMRkkb8To1j4oVowGlAMVJa6pkHbiAQTp1KJUudDF7CU5fpdB/d13pm2apaU8BFYuekDHI0e+aX249wEhKuMENSdm0rVl6KhKKYkazkJpLECI/QgHQ15Sgk0kunN2TwWCt9GERCP67gVP2dSFEo5Tj09WSI1FDOexPxP6+bqODCSymPE0U4ni0KEgZVBCeFwD4VBCs21gRhQfVfIR4iXYrStZV0Cfb8yYukXava9erZbb3cuMrrKIJDcAROgA3OQQPcgCZoAQwewTN4BW/Gk/FivBsfs9GCkWf2wR8Ynz8qgpaU</latexit>

! X 00 + �2X = 0

<latexit sha1_base64="pipJB3s8Au1h/sYYd1hqaJpogjo=">AAACCnicbVDNSsNAGNz4W+tf1KOX1SIVhJKUil6EohePFWwbaGLZbDbt0s0m7G6UEnr24qt48aCIV5/Am2/jts1BWwcWhplv+PYbP2FUKsv6NhYWl5ZXVgtrxfWNza1tc2e3JeNUYNLEMYuF4yNJGOWkqahixEkEQZHPSNsfXI399j0Rksb8Vg0T4kWox2lIMVJa6poHrqC9vkJCxA/QKZfhCXSZjgforgodeAGtrlmyKtYEcJ7YOSmBHI2u+eUGMU4jwhVmSMqObSXKy5BQFDMyKrqpJAnCA9QjHU05ioj0sskpI3iklQCGsdCPKzhRfycyFEk5jHw9GSHVl7PeWPzP66QqPPcyypNUEY6ni8KUQRXDcS8woIJgxYaaICyo/ivEfSQQVrq9oi7Bnj15nrSqFbtWOb2pleqXeR0FsA8OwTGwwRmog2vQAE2AwSN4Bq/gzXgyXox342M6umDkmT3wB8bnD5r7mEU=</latexit>

Busca-se, novamente, uma solução da seguinte forma: X(x) = eqx

<latexit sha1_base64="wtRu1kSq9ZwLRos066gcHYc1KU0=">AAAB9HicbVBNT8JAEN3iF+IX6tHLRmKCF9IajF5MiF48YiIfCVSyXaawYbstu1sCafgdXjxojFd/jDf/jQv0oOBLJnl5byYz87yIM6Vt+9vKrK1vbG5lt3M7u3v7B/nDo7oKY0mhRkMeyqZHFHAmoKaZ5tCMJJDA49DwBnczvzECqVgoHvUkAjcgPcF8Rok2ktssjs/xDYanZDiedvIFu2TPgVeJk5ICSlHt5L/a3ZDGAQhNOVGq5diRdhMiNaMcprl2rCAidEB60DJUkACUm8yPnuIzo3SxH0pTQuO5+nsiIYFSk8AznQHRfbXszcT/vFas/Ws3YSKKNQi6WOTHHOsQzxLAXSaBaj4xhFDJzK2Y9okkVJucciYEZ/nlVVK/KDnl0uVDuVC5TePIohN0iorIQVeogu5RFdUQRUP0jF7RmzWyXqx362PRmrHSmWP0B9bnD3hFkUY=</latexit>

q2eqx + �2eqx = 0

<latexit sha1_base64="AmgxVkfulpTYmt/59XCwtQ/TLQg=">AAACC3icbVDLSgMxFM34rPU16tJNaBEEocyUim6EohuXFewD+iKTudOGZh5NMmIZunfjr7hxoYhbf8Cdf2PaDqitBwKHc+7h5h4n4kwqy/oylpZXVtfWMxvZza3tnV1zb78mw1hQqNKQh6LhEAmcBVBVTHFoRAKI73CoO4OriV+/AyFZGNyqUQRtn/QC5jFKlJa6Zm7YKWLoJMP7MT7BLa6TLvmR8AW2umbeKlhT4EVipySPUlS65mfLDWnsQ6AoJ1I2bStS7YQIxSiHcbYVS4gIHZAeNDUNiA+ynUxvGeMjrbjYC4V+gcJT9XciIb6UI9/Rkz5RfTnvTcT/vGasvPN2woIoVhDQ2SIv5liFeFIMdpkAqvhIE0IF03/FtE8EoUrXl9Ul2PMnL5JasWCXCqc3pXz5Mq0jgw5RDh0jG52hMrpGFVRFFD2gJ/SCXo1H49l4M95no0tGmjlAf2B8fAPz25kV</latexit>

! eqx
�
q2 + �2

�
= 0

<latexit sha1_base64="m0VfrujO2CWHs3Z3CeKaBDxtxn4=">AAACH3icbVDJSgNBEO1xjXGLevTSGISIEGaC20UIevGoYBbIRk+nJmnSs9hdo4Yhf+LFX/HiQRHx5t/YWQ6a+KDh9XtV1V3PjaTQaNvf1tz8wuLScmolvbq2vrGZ2dou6zBWHEo8lKGqukyDFAGUUKCEaqSA+a6Eitu7HPqVe1BahMEt9iNo+KwTCE9whkZqZU7qSnS6yJQKHyg0k7vHAa1L8DBH75oFSg/NzUxrs2ZhXHlA6Tm1W5msnbdHoLPEmZAsmeC6lfmqt0Me+xAgl0zrmmNH2EiYQsElDNL1WEPEeI91oGZowHzQjWS034DuG6VNvVCZEyAdqb87EuZr3fddU+kz7Oppbyj+59Vi9M4aiQiiGCHg44e8WFIM6TAs2hYKOMq+IYwrYf5KeZcpxtFEmjYhONMrz5JyIe8c5Y9vjrLFi0kcKbJL9kiOOOSUFMkVuSYlwskTeSFv5N16tl6tD+tzXDpnTXp2yB9Y3z/i2aDw</latexit>

! q2 = ��2

<latexit sha1_base64="pDqwKlOPvbN7KMxcltpmqqc3A54=">AAACBXicbVDLSgMxFM34rPU16lIXwSK4scyUim6EohuXFewDOtOSyWTa0EwyJhmllG7c+CtuXCji1n9w59+YtrPQ1gOBwzn3cHNPkDCqtON8WwuLS8srq7m1/PrG5ta2vbNbVyKVmNSwYEI2A6QIo5zUNNWMNBNJUBww0gj6V2O/cU+kooLf6kFC/Bh1OY0oRtpIHfvAk7Tb00hK8QDv2iV4AU88ZvIhapc6dsEpOhPAeeJmpAAyVDv2lxcKnMaEa8yQUi3XSbQ/RFJTzMgo76WKJAj3UZe0DOUoJsofTq4YwSOjhDAS0jyu4UT9nRiiWKlBHJjJGOmemvXG4n9eK9XRuT+kPEk14Xi6KEoZ1AKOK4EhlQRrNjAEYUnNXyHuIYmwNsXlTQnu7MnzpF4quuXi6U25ULnM6siBfXAIjoELzkAFXIMqqAEMHsEzeAVv1pP1Yr1bH9PRBSvL7IE/sD5/AOFtl4g=</latexit>

! q = ±�i

<latexit sha1_base64="WkpZHBQpfcNCbSoXynn3bT97wc8=">AAACBXicbVDLSgMxFM34rPU16lIXwSK4KjNS0Y1QdOOygn1AZyiZTKYNzWNMMkop3bjxV9y4UMSt/+DOvzFtZ6GtBwKHc+7h5p4oZVQbz/t2FhaXlldWC2vF9Y3NrW13Z7ehZaYwqWPJpGpFSBNGBakbahhppYogHjHSjPpXY795T5SmUtyaQUpCjrqCJhQjY6WOexAo2u0ZpJR8gHcXMEg5DJjNxwjSjlvyyt4EcJ74OSmBHLWO+xXEEmecCIMZ0rrte6kJh0gZihkZFYNMkxThPuqStqUCcaLD4eSKETyySgwTqewTBk7U34kh4loPeGQnOTI9PeuNxf+8dmaS83BIRZoZIvB0UZIxaCQcVwJjqgg2bGAJworav0LcQwphY4sr2hL82ZPnSeOk7FfKpzeVUvUyr6MA9sEhOAY+OANVcA1qoA4weATP4BW8OU/Oi/PufExHF5w8swf+wPn8AZdol/0=</latexit>

X(x) = �e�ix + ✓e��ix

<latexit sha1_base64="bLNDm2u6TPGSA1c+hAHleYqvhN4=">AAACIHicbVDLSgNBEJz1bXxFPXoZDIIihl1R9CKIXjwqGA1kY+iddJLBmd1lplcMSz7Fi7/ixYMietOvcRJz8FUwUFR10dMVpUpa8v13b2R0bHxicmq6MDM7N79QXFy6sElmBFZEohJTjcCikjFWSJLCamoQdKTwMro+7vuXN2isTOJz6qZY19COZUsKICc1invV9dsNfsDDNmgNHK/yULl0E7jktz2+yUPqIA2Mre9Oo1jyy/4A/C8JhqTEhjhtFN/CZiIyjTEJBdbWAj+leg6GpFDYK4SZxRTENbSx5mgMGm09HxzY42tOafJWYtyLiQ/U74kctLVdHblJDdSxv72++J9Xy6i1X89lnGaEsfha1MoUp4T32+JNaVCQ6joCwkj3Vy46YECQ67TgSgh+n/yXXGyXg53y7tlO6fBoWMcUW2GrbJ0FbI8dshN2yipMsDv2wJ7Ys3fvPXov3uvX6Ig3zCyzH/A+PgFnoKFS</latexit>

Victor Sacek IAG/USP



Solução da equação de difusão pelo método 
de separação de variáveis no caso 1D

1

↵

T 0(t)

T (t)
=

X 00(x)

X(x)
= C

<latexit sha1_base64="fgiaOXu0COtzKQ7mg8lFQ1IpP7Y=">AAACJ3icbZBLS8NAEMc39VXjK+rRy2KR1ktJpKIXpdiLxwp9QRPKZrtpl24e7G7EEvJtvPhVvAgqoke/iZs2B20d2OHPb2aYnb8bMSqkaX5phZXVtfWN4qa+tb2zu2fsH3REGHNM2jhkIe+5SBBGA9KWVDLSizhBvstI1500snr3nnBBw6AlpxFxfDQKqEcxkgoNjGvb4wgnVprYiEVjlMI5aJUr8jRNWlmGV1Cf0165XHlQuJdlhRsDo2RWzVnAZWHlogTyaA6MV3sY4tgngcQMCdG3zEg6CeKSYkZS3Y4FiRCeoBHpKxkgnwgnmd2ZwhNFhtALuXqBhDP6eyJBvhBT31WdPpJjsVjL4H+1fiy9SyehQRRLEuD5Ii9mUIYwMw0OKSdYsqkSCHOq/grxGClHpLJWVyZYiycvi85Z1apVz+9qpfpNbkcRHIFjUAEWuAB1cAuaoA0weATP4A28a0/ai/ahfc5bC1o+cwj+hPb9A2jbo7o=</latexit>

Para                : C < 0

<latexit sha1_base64="ApNH1uQUd+fjSo+bRiaQrWYc5dk=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kooVFMI1lRPMByRH2NnPJkr29Y3dPCCE/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaCUW3mt55QaR7LRzNO0I/oQPKQM2qs9FC7cXvFklt25yCrxMtICTLUe8Wvbj9maYTSMEG17nhuYvwJVYYzgdNCN9WYUDaiA+xYKmmE2p/MT52SM6v0SRgrW9KQufp7YkIjrcdRYDsjaoZ62ZuJ/3md1ITX/oTLJDUo2WJRmApiYjL7m/S5QmbE2BLKFLe3EjakijJj0ynYELzll1dJ86LsVcqX95VS9TaLIw8ncArn4MEVVOEO6tAABgN4hld4c4Tz4rw7H4vWnJPNHMMfOJ8/hsiNTw==</latexit>

X(x) = �e�ix + ✓e��ix

<latexit sha1_base64="bLNDm2u6TPGSA1c+hAHleYqvhN4=">AAACIHicbVDLSgNBEJz1bXxFPXoZDIIihl1R9CKIXjwqGA1kY+iddJLBmd1lplcMSz7Fi7/ixYMietOvcRJz8FUwUFR10dMVpUpa8v13b2R0bHxicmq6MDM7N79QXFy6sElmBFZEohJTjcCikjFWSJLCamoQdKTwMro+7vuXN2isTOJz6qZY19COZUsKICc1invV9dsNfsDDNmgNHK/yULl0E7jktz2+yUPqIA2Mre9Oo1jyy/4A/C8JhqTEhjhtFN/CZiIyjTEJBdbWAj+leg6GpFDYK4SZxRTENbSx5mgMGm09HxzY42tOafJWYtyLiQ/U74kctLVdHblJDdSxv72++J9Xy6i1X89lnGaEsfha1MoUp4T32+JNaVCQ6joCwkj3Vy46YECQ67TgSgh+n/yXXGyXg53y7tlO6fBoWMcUW2GrbJ0FbI8dshN2yipMsDv2wJ7Ys3fvPXov3uvX6Ig3zCyzH/A+PgFnoKFS</latexit>

T (t) = e�↵�2t

<latexit sha1_base64="eP9GnoT/M05PwBqoOLsPjJmGyeA=">AAACBnicbVDJSgNBFOyJW4xb1KMIjUGIB8NMiOhFCHrxGCEbZONNp5M06VnofiOEIScv/ooXD4p49Ru8+Td2loMmFjQUVa94/coNpdBo299WYmV1bX0juZna2t7Z3UvvH1R1ECnGKyyQgaq7oLkUPq+gQMnroeLguZLX3OHtxK89cKVF4JdxFPKWB31f9AQDNFInfVzO4hm9prwdnzdBhgOgTWniXWjncdxJZ+ycPQVdJs6cZMgcpU76q9kNWORxH5kErRuOHWIrBoWCST5ONSPNQ2BD6POGoT54XLfi6RljemqULu0Fyjwf6VT9nYjB03rkuWbSAxzoRW8i/uc1IuxdtWLhhxFyn80W9SJJMaCTTmhXKM5QjgwBpoT5K2UDUMDQNJcyJTiLJy+Taj7nFHIX94VM8WZeR5IckROSJQ65JEVyR0qkQhh5JM/klbxZT9aL9W59zEYT1jxzSP7A+vwB/yaXlg==</latexit>

u(x, t) = X(x) · T (t)

<latexit sha1_base64="zMEHKmoWXOhZukc/0NCtR0cI4xc=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NB2ICEXYnoRQh68RghL0iWMDuZJENmZ5eZXkkI8eKvePGgiFf/wpt/4+Rx0MSChqKqm+6uIBZcg+t+W6mV1bX1jfRmZmt7Z3fP3j+o6ihRlFVoJCJVD4hmgktWAQ6C1WPFSBgIVgv6txO/9sCU5pEswzBmfki6knc4JWCkln2UOIMzyOFrXHcGOdyk7Qhw2YFcy866eXcKvEy8OcmiOUot+6vZjmgSMglUEK0bnhuDPyIKOBVsnGkmmsWE9kmXNQyVJGTaH00/GONTo7RxJ1KmJOCp+ntiREKth2FgOkMCPb3oTcT/vEYCnSt/xGWcAJN0tqiTCAwRnsSB21wxCmJoCKGKm1sx7RFFKJjQMiYEb/HlZVI9z3uF/MV9IVu8mceRRsfoBDnIQ5eoiO5QCVUQRY/oGb2iN+vJerHerY9Za8qazxyiP7A+fwCxI5R+</latexit>

(1)

u(x, t) =
�
�e�ix + ✓e��ix

�
e�↵�2t

<latexit sha1_base64="Dx+faU5L8htoG7r3SR4HxvKYHbI="></latexit>

Victor Sacek IAG/USP



Solução da equação de difusão pelo método 
de separação de variáveis no caso 1D

u(x, t) =
�
�e�ix + ✓e��ix

�
e�↵�2t

<latexit sha1_base64="Dx+faU5L8htoG7r3SR4HxvKYHbI="></latexit>

Fórmula de Euler:

e�ix = cos�x+ i sin�x

<latexit sha1_base64="RU/myF5eV6u9wniYomtRMKlbWEs=">AAACHHicbZDLSgMxFIYzXmu9jbp0EyyCIJQZrehGKLpxWcFeoDOWTCZtQzPJkGSkZeiDuPFV3LhQxI0LwbcxbUfU1h8CP985h5PzBzGjSjvOpzU3v7C4tJxbya+urW9s2lvbNSUSiUkVCyZkI0CKMMpJVVPNSCOWBEUBI/Wgdzmq1++IVFTwGz2IiR+hDqdtipE2qGUfk9vUY6Y/RJDC/hCeQw8LBb9ZHx4a7inKf1DLLjhFZyw4a9zMFECmSst+90KBk4hwjRlSquk6sfZTJDXFjAzzXqJIjHAPdUjTWI4iovx0fNwQ7hsSwraQ5nENx/T3RIoipQZRYDojpLtqujaC/9WaiW6f+SnlcaIJx5NF7YRBLeAoKRhSSbBmA2MQltT8FeIukghrk2fehOBOnzxrakdFt1Q8uS4VyhdZHDmwC/bAAXDBKSiDK1ABVYDBPXgEz+DFerCerFfrbdI6Z2UzO+CPrI8vwhaf7A==</latexit>

e��ix = cos�x� i sin�x

<latexit sha1_base64="PQMlV9E0XzqfNAgf1tYYGtrMGa0=">AAACHXicbZDLSgMxFIYzXmu9jbp0EyyCm5YZqehGKLpxWcFeoDOWTCZtQzPJkGSkZeiLuPFV3LhQxIUb8W1M2xG19YfAz3fO4eT8Qcyo0o7zaS0sLi2vrObW8usbm1vb9s5uXYlEYlLDggnZDJAijHJS01Qz0owlQVHASCPoX47rjTsiFRX8Rg9j4keoy2mHYqQNattlcpsWPWYGQgQpHIzgOfSwUPCbDWDRcE9R/oPadsEpORPBeeNmpgAyVdv2uxcKnESEa8yQUi3XibWfIqkpZmSU9xJFYoT7qEtaxnIUEeWnk+tG8NCQEHaENI9rOKG/J1IUKTWMAtMZId1Ts7Ux/K/WSnTnzE8pjxNNOJ4u6iQMagHHUcGQSoI1GxqDsKTmrxD3kERYm0DzJgR39uR5Uz8uueXSyXW5ULnI4siBfXAAjoALTkEFXIEqqAEM7sEjeAYv1oP1ZL1ab9PWBSub2QN/ZH18ATiYoCU=</latexit>

u(x, t) = (D sin�x+ E cos�x) e�↵�2t

<latexit sha1_base64="6u5vG4FMQ1eplQgw683ZjzgPFG4="></latexit>

Victor Sacek IAG/USP



Solução da equação de difusão pelo método 
de separação de variáveis no caso 1D

1

↵

T 0(t)

T (t)
=

X 00(x)

X(x)
= C

<latexit sha1_base64="fgiaOXu0COtzKQ7mg8lFQ1IpP7Y=">AAACJ3icbZBLS8NAEMc39VXjK+rRy2KR1ktJpKIXpdiLxwp9QRPKZrtpl24e7G7EEvJtvPhVvAgqoke/iZs2B20d2OHPb2aYnb8bMSqkaX5phZXVtfWN4qa+tb2zu2fsH3REGHNM2jhkIe+5SBBGA9KWVDLSizhBvstI1500snr3nnBBw6AlpxFxfDQKqEcxkgoNjGvb4wgnVprYiEVjlMI5aJUr8jRNWlmGV1Cf0165XHlQuJdlhRsDo2RWzVnAZWHlogTyaA6MV3sY4tgngcQMCdG3zEg6CeKSYkZS3Y4FiRCeoBHpKxkgnwgnmd2ZwhNFhtALuXqBhDP6eyJBvhBT31WdPpJjsVjL4H+1fiy9SyehQRRLEuD5Ii9mUIYwMw0OKSdYsqkSCHOq/grxGClHpLJWVyZYiycvi85Z1apVz+9qpfpNbkcRHIFjUAEWuAB1cAuaoA0weATP4A28a0/ai/ahfc5bC1o+cwj+hPb9A2jbo7o=</latexit>

Para                : C = 0

<latexit sha1_base64="0EiPiavT5+1AtgYftvqKlf2fgIM=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKRC9CMBePEc0DkiXMTnqTIbOzy8ysEEI+wYsHRbz6Rd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gVJv5rSdUmsfy0YwT9CM6kDzkjBorPdRu3F6x5JbdOcgq8TJSggz1XvGr249ZGqE0TFCtO56bGH9CleFM4LTQTTUmlI3oADuWShqh9ifzU6fkzCp9EsbKljRkrv6emNBI63EU2M6ImqFe9mbif14nNeG1P+EySQ1KtlgUpoKYmMz+Jn2ukBkxtoQyxe2thA2poszYdAo2BG/55VXSvCh7lfLlfaVUvc3iyMMJnMI5eHAFVbiDOjSAwQCe4RXeHOG8OO/Ox6I152Qzx/AHzucPiE2NUA==</latexit>

X 00

X
= 0

<latexit sha1_base64="01DIPZ+pezy0TAm/Wd81LUt9G0I=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XqqSRS0YtQ9OKxgv2ANpTNdtMu3WzC7kYpMT/FiwdFvPpLvPlv3LY5aOuDgcd7M8zM82POlHacb2tldW19Y7OwVdze2d3bt0sHLRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW3745up336gUrFI3OtJTL0QDwULGMHaSH271AskJmmnUsnSToaukNO3y07VmQEtEzcnZcjR6NtfvUFEkpAKTThWqus6sfZSLDUjnGbFXqJojMkYD2nXUIFDqrx0dnqGTowyQEEkTQmNZurviRSHSk1C33SGWI/UojcV//O6iQ4uvZSJONFUkPmiIOFIR2iaAxowSYnmE0MwkczcisgImyy0SatoQnAXX14mrbOqW6ue39XK9es8jgIcwTGcggsXUIdbaEATCDzCM7zCm/VkvVjv1se8dcXKZw7hD6zPH59PkvA=</latexit>

! X 00 = 0

<latexit sha1_base64="pPi0+CeO5icNdr8QtnCM72VuMxM=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxSTyWRil6EohePFewHtKFstpt26WYTdieWEvtTvHhQxKu/xJv/xm2bg7Y+GHi8N8PMPD8WXIPjfFu5tfWNza38dmFnd2//wC4eNnWUKMoaNBKRavtEM8ElawAHwdqxYiT0BWv5o9uZ33pkSvNIPsAkZl5IBpIHnBIwUs8udhUfDIEoFY1xu1y+dnp2yak4c+BV4makhDLUe/ZXtx/RJGQSqCBad1wnBi8lCjgVbFroJprFhI7IgHUMlSRk2kvnp0/xqVH6OIiUKQl4rv6eSEmo9ST0TWdIYKiXvZn4n9dJILjyUi7jBJiki0VBIjBEeJYD7nPFKIiJIYQqbm7FdEgUoWDSKpgQ3OWXV0nzvOJWKxf31VLtJosjj47RCTpDLrpENXSH6qiBKBqjZ/SK3qwn68V6tz4WrTkrmzlCf2B9/gALmpM1</latexit>

! X 0 = B

<latexit sha1_base64="CfhrTyA2mAzDgc74qWFdXoUI16g=">AAAB+XicbVBNSwMxEM3Wr1q/Vj16CRbRU9mVil6EUi8eK9gPaJeSTdM2NJssyWylLP0nXjwo4tV/4s1/Y9ruQVsfDDzem2FmXhgLbsDzvp3c2vrG5lZ+u7Czu7d/4B4eNYxKNGV1qoTSrZAYJrhkdeAgWCvWjEShYM1wdDfzm2OmDVfyESYxCyIykLzPKQErdV23o/lgCERr9YRb57fVrlv0St4ceJX4GSmiDLWu+9XpKZpETAIVxJi278UQpEQDp4JNC53EsJjQERmwtqWSRMwE6fzyKT6zSg/3lbYlAc/V3xMpiYyZRKHtjAgMzbI3E//z2gn0b4KUyzgBJuliUT8RGBSexYB7XDMKYmIJoZrbWzEdEk0o2LAKNgR/+eVV0rgs+eXS1UO5WKlmceTRCTpFF8hH16iC7lEN1RFFY/SMXtGbkzovzrvzsWjNOdnMMfoD5/MHwQSTFg==</latexit>

! X = Bx+ C

<latexit sha1_base64="I+Unx4861EOCZF9S9MiDh7kippI=">AAAB+3icbVBNS8NAEN34WetXrEcvi0UQhJJIRS9CaS8eK9gPaEPZbDft0s0m7E60JfSvePGgiFf/iDf/jds2B219MPB4b4aZeX4suAbH+bbW1jc2t7ZzO/ndvf2DQ/uo0NRRoihr0EhEqu0TzQSXrAEcBGvHipHQF6zlj2ozv/XIlOaRfIBJzLyQDCQPOCVgpJ5d6Co+GAJRKnrC7dvq+KLWs4tOyZkDrxI3I0WUod6zv7r9iCYhk0AF0brjOjF4KVHAqWDTfDfRLCZ0RAasY6gkIdNeOr99is+M0sdBpExJwHP190RKQq0noW86QwJDvezNxP+8TgLBjZdyGSfAJF0sChKBIcKzIHCfK0ZBTAwhVHFzK6ZDoggFE1fehOAuv7xKmpclt1y6ui8XK9Usjhw6QafoHLnoGlXQHaqjBqJojJ7RK3qzptaL9W59LFrXrGzmGP2B9fkDOWaT6Q==</latexit>

1

↵

T 0

T
= 0

<latexit sha1_base64="VzaFextQXkft21OImdPizqd0rUY=">AAACCnicbVBNS8NAEN34WetX1KOX1SJ6KolU9CIUvXis0C9oSplsN+3SzSbsboQScvbiX/HiQRGv/gJv/hu3bQ7a+mDg8d4MM/P8mDOlHefbWlpeWV1bL2wUN7e2d3btvf2mihJJaINEPJJtHxTlTNCGZprTdiwphD6nLX90O/FbD1QqFom6Hse0G8JAsIAR0Ebq2UdeIIGkbpZ6wOMhZHgm1E+ztJ7ha+z07JJTdqbAi8TNSQnlqPXsL68fkSSkQhMOSnVcJ9bdFKRmhNOs6CWKxkBGMKAdQwWEVHXT6SsZPjFKHweRNCU0nqq/J1IIlRqHvukMQQ/VvDcR//M6iQ6uuikTcaKpILNFQcKxjvAkF9xnkhLNx4YAkczciskQTBTapFc0IbjzLy+S5nnZrZQv7iul6k0eRwEdomN0hlx0iaroDtVQAxH0iJ7RK3qznqwX6936mLUuWfnMAfoD6/MHSkSZ/A==</latexit>

! T 0 = 0

<latexit sha1_base64="qomE4IxnAOEnINrgEZYeJqDqAPw=">AAAB+3icbVBNSwMxEM36WevXWo9egkX0VHaloheh6MVjhX5Bu5Rsmm1Ds8mSzKql9K948aCIV/+IN/+NabsHbX0w8Hhvhpl5YSK4Ac/7dlZW19Y3NnNb+e2d3b1996DQMCrVlNWpEkq3QmKY4JLVgYNgrUQzEoeCNcPh7dRvPjBtuJI1GCUsiElf8ohTAlbquoWO5v0BEK3VI66d4mvsdd2iV/JmwMvEz0gRZah23a9OT9E0ZhKoIMa0fS+BYEw0cCrYJN9JDUsIHZI+a1sqScxMMJ7dPsEnVunhSGlbEvBM/T0xJrExozi0nTGBgVn0puJ/XjuF6CoYc5mkwCSdL4pSgUHhaRC4xzWjIEaWEKq5vRXTAdGEgo0rb0PwF19eJo3zkl8uXdyXi5WbLI4cOkLH6Az56BJV0B2qojqi6Ak9o1f05kycF+fd+Zi3rjjZzCH6A+fzB1Ywk1Q=</latexit>

! T (t) = A

<latexit sha1_base64="3A4xffuvjGQ+9TNrGraTFfy5o58=">AAAB/XicbVDLSgNBEJyNrxhf6+PmZTAI8RJ2JaIXIerFY4S8IFnC7GSSDJmdXWZ6lbgEf8WLB0W8+h/e/BsnyR40saChqOqmu8uPBNfgON9WZml5ZXUtu57b2Nza3rF39+o6jBVlNRqKUDV9opngktWAg2DNSDES+II1/OHNxG/cM6V5KKswipgXkL7kPU4JGKljH7QV7w+AKBU+4GoBTvAlvurYeafoTIEXiZuSPEpR6dhf7W5I44BJoIJo3XKdCLyEKOBUsHGuHWsWETokfdYyVJKAaS+ZXj/Gx0bp4l6oTEnAU/X3REICrUeBbzoDAgM9703E/7xWDL0LL+EyioFJOlvUiwWGEE+iwF2uGAUxMoRQxc2tmA6IIhRMYDkTgjv/8iKpnxbdUvHsrpQvX6dxZNEhOkIF5KJzVEa3qIJqiKJH9Ixe0Zv1ZL1Y79bHrDVjpTP76A+szx+3NZQX</latexit>

Assim:
u(x, t) = A · (Bx+ C)

<latexit sha1_base64="yYj0y0oOT6NM/2sAYX2YzW0N1rA=">AAACC3icbVDJSgNBEO2JW4xb1KOXJkFIUMKMRPQixOTiMYJZIDOEnp6epEnPQneNJITcvfgrXjwo4tUf8Obf2FkOGn1Q8Hiviqp6biy4AtP8MlIrq2vrG+nNzNb2zu5edv+gqaJEUtagkYhk2yWKCR6yBnAQrB1LRgJXsJY7qE391j2TikfhHYxi5gSkF3KfUwJa6mZzSWF4CkV8ha9t6kWAbcF8KODq8KRmS97rQ7GbzZslcwb8l1gLkkcL1LvZT9uLaBKwEKggSnUsMwZnTCRwKtgkYyeKxYQOSI91NA1JwJQznv0ywcda8bAfSV0h4Jn6c2JMAqVGgas7AwJ9texNxf+8TgL+pTPmYZwAC+l8kZ8IDBGeBoM9LhkFMdKEUMn1rZj2iSQUdHwZHYK1/PJf0jwrWeXS+W05X6ku4kijI5RDBWShC1RBN6iOGoiiB/SEXtCr8Wg8G2/G+7w1ZSxmDtEvGB/fldmY4w==</latexit>

u(x, t) = ax+ b

<latexit sha1_base64="Huu/rIy9Z7MOaomzotJ77c4gNfY=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBahopREKnoRil48VrAf0Iay2W7apZtN3N2UltDf4cWDIl79Md78N27bHLT1wcDjvRlm5nkRZ0rb9reVWVldW9/Ibua2tnd29/L7B3UVxpLQGgl5KJseVpQzQWuaaU6bkaQ48DhteIO7qd8YUqlYKB71OKJugHuC+YxgbSQ3Lo7O9Sm6QXh05nXyBbtkz4CWiZOSAqSodvJf7W5I4oAKTThWquXYkXYTLDUjnE5y7VjRCJMB7tGWoQIHVLnJ7OgJOjFKF/mhNCU0mqm/JxIcKDUOPNMZYN1Xi95U/M9rxdq/dhMmolhTQeaL/JgjHaJpAqjLJCWajw3BRDJzKyJ9LDHRJqecCcFZfHmZ1C9KTrl0+VAuVG7TOLJwBMdQBAeuoAL3UIUaEHiCZ3iFN2tovVjv1se8NWOlM4fwB9bnD7XwkMU=</latexit>

L

<latexit sha1_base64="TOO3Ikl/IgY7t8Ss6ba6sY3RmME=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4komXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZa9SvqxXStWbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCmIYzY</latexit>

0

<latexit sha1_base64="N5TJ24ZtGvvOJUapKeIo4Hi0i/I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptsvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1atXLZq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPe7GMvA==</latexit>

x

<latexit sha1_base64="E+xWb622b2P97o+CO1oWwc/7ors=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNRo9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1K+rFdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOjRjQQ=</latexit>

u

<latexit sha1_base64="HYR38oDLZP6EpTDjSZL2xNa5uto=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtovV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1atXLZq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP5EWNAQ==</latexit>

Victor Sacek IAG/USP



Equação de difusão
Aplicação no contexto de condução térmica em 
sólidos

@u

@t
= ↵r2u

Victor Sacek IAG/USP



Exemplo de aplicação: 
Equação de calor

u(x, 0) = f(x) 8 x 2 [0, L]

<latexit sha1_base64="D7/5rXOLAZclCjt9ZKNCF95is2k=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0VooZREKroRim5cuKhgH5CEMplO2qGTSZiZSEvpL7jxV9y4UMStO3f+jZM2C209w8DhnHu59x4/ZlQqy/o2ciura+sb+c3C1vbO7p65f9CSUSIwaeKIRaLjI0kY5aSpqGKkEwuCQp+Rtj+8Tv32AxGSRvxejWPihajPaUAxUlrqmqWkNKpYZXgJg9KoDN30BZFAjGkGR9ClHDpW5dbrmkWras0Al4mdkSLI0OiaX24vwklIuMIMSenYVqy8CRKKYkamBTeRJEZ4iPrE0ZSjkEhvMrtoCk+00oN6Ef25gjP1d8cEhVKOQ19XhkgN5KKXiv95TqKCC29CeZwowvF8UJAwqCKYxgN7VBCs2FgThAXVu0I8QAJhpUMs6BDsxZOXSeu0ateqZ3e1Yv0qiyMPjsAxKAEbnIM6uAEN0AQYPIJn8ArejCfjxXg3PualOSPrOQR/YHz+ADc0mYQ=</latexit>

u(0, t) = u(L, t) = 0 8 t � 0

<latexit sha1_base64="l7igh0s8JcSiPuKJ/EdSQmcMSgs=">AAACEnicbZA7SwNBEMf3fMb4OrW0WQxCAhLuJKKNELSxsIhgHpA7wt5mL1my92B3TghHPoONX8XGQhFbKzu/jXvJFZo4y8KP/8wwM38vFlyBZX0bS8srq2vrhY3i5tb2zq65t99SUSIpa9JIRLLjEcUED1kTOAjWiSUjgSdY2xtdZ/n2A5OKR+E9jGPmBmQQcp9TAlrqmZWkbJ1ABV/ipHw7Aws72fMjSYTQBNgZMGz1zJJVtaaBF8HOoYTyaPTML6cf0SRgIVBBlOraVgxuSiRwKtik6CSKxYSOyIB1NYYkYMpNpydN8LFW+ljvoH8IeKr+7khJoNQ48HRlQGCo5nOZ+F+um4B/4aY8jBNgIZ0N8hOBIcKZP7jPJaMgxhoIlVzviumQSEJBu1jUJtjzJy9C67Rq16pnd7VS/Sq3o4AO0REqIxudozq6QQ3URBQ9omf0it6MJ+PFeDc+ZqVLRt5zgP6E8fkDDBqZWw==</latexit>

Condição inicial

Condição de 
contorno

L

<latexit sha1_base64="TOO3Ikl/IgY7t8Ss6ba6sY3RmME=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4komXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZa9SvqxXStWbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCmIYzY</latexit>

0

<latexit sha1_base64="N5TJ24ZtGvvOJUapKeIo4Hi0i/I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptsvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1atXLZq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPe7GMvA==</latexit>

x

<latexit sha1_base64="E+xWb622b2P97o+CO1oWwc/7ors=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNRo9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1K+rFdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOjRjQQ=</latexit>

u

<latexit sha1_base64="HYR38oDLZP6EpTDjSZL2xNa5uto=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtovV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1atXLZq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP5EWNAQ==</latexit>

0 pois u(0, t) = 0

<latexit sha1_base64="OWzeGB1D8zRng47RNAoEyXjwj6M=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BItQQUoiFb0IRS8eK9gPaEPZbDft0s0m7k6EEvonvHhQxKt/x5v/xm2bg7Y+GHi8N8PMPD8WXKPjfFu5ldW19Y38ZmFre2d3r7h/0NRRoihr0EhEqu0TzQSXrIEcBWvHipHQF6zlj26nfuuJKc0j+YDjmHkhGUgecErQSO2k7Jzh6bXTK5acijODvUzcjJQgQ71X/Or2I5qETCIVROuO68TopUQhp4JNCt1Es5jQERmwjqGShEx76ezeiX1ilL4dRMqURHum/p5ISaj1OPRNZ0hwqBe9qfif10kwuPJSLuMEmaTzRUEibIzs6fN2nytGUYwNIVRxc6tNh0QRiiaiggnBXXx5mTTPK261cnFfLdVusjjycATHUAYXLqEGd1CHBlAQ8Ayv8GY9Wi/Wu/Uxb81Z2cwh/IH1+QNJzY7V</latexit>

u(x, t) = (D sin�x+ E cos�x) e�↵�2t

<latexit sha1_base64="6u5vG4FMQ1eplQgw683ZjzgPFG4="></latexit>

sin(�L) = 0

<latexit sha1_base64="brUNeKt8HMIJz9K994TT2keRIfU=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSLUTUmkohuh6MaFiwr2AU0ok8mkHTqZhJmJWEp/xY0LRdz6I+78G6dtFtp6YOBwzj3cOydIOVPacb6tldW19Y3NwlZxe2d3b98+KLVUkklCmyThiewEWFHOBG1qpjntpJLiOOC0HQxvpn77kUrFEvGgRyn1Y9wXLGIEayP17JKnmEAVj5tIiNHd6ZXTs8tO1ZkBLRM3J2XI0ejZX16YkCymQhOOleq6Tqr9MZaaEU4nRS9TNMVkiPu0a6jAMVX+eHb7BJ0YJURRIs0TGs3U34kxjpUaxYGZjLEeqEVvKv7ndTMdXfpjJtJMU0Hmi6KMI52gaREoZJISzUeGYCKZuRWRAZaYaFNX0ZTgLn55mbTOqm6ten5fK9ev8zoKcATHUAEXLqAOt9CAJhB4gmd4hTdrYr1Y79bHfHTFyjOH8AfW5w/u4pMU</latexit>

�L = k⇡

<latexit sha1_base64="3IsoC8nl0WnNd7pC8q/LF0+Cg9E=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUmkohuh6MaFiwr2AU0ok8mkHTqZhJmJUmo/xY0LRdz6Je78G6dtFtp6YOBwzrncOydIOVPacb6twsrq2vpGcbO0tb2zu2eX91sqySShTZLwRHYCrChngjY105x2UklxHHDaDobXU7/9QKViibjXo5T6Me4LFjGCtZF6dtnjJhxidIsu0RB5KevZFafqzICWiZuTCuRo9OwvL0xIFlOhCcdKdV0n1f4YS80Ip5OSlymaYjLEfdo1VOCYKn88O32Cjo0SoiiR5gmNZurviTGOlRrFgUnGWA/UojcV//O6mY4u/DETaaapIPNFUcaRTtC0BxQySYnmI0MwkczcisgAS0y0aatkSnAXv7xMWqdVt1Y9u6tV6ld5HUU4hCM4ARfOoQ430IAmEHiEZ3iFN+vJerHerY95tGDlMwfwB9bnD1aMksM=</latexit>

! � =
k⇡

L

<latexit sha1_base64="xh3skOqx9y674I5HCZ/vF0ls0CA=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqrEVCUIBAtSBQsDQ5HoQ2qiynGc1qpjR7YDqqJ8AQu/wsIAQqzMbPwNbpsBWo5k6eice3R9T5AwqrTjfFulpeWV1bXyemVjc2t7x97dayuRSkxaWDAhuwFShFFOWppqRrqJJCgOGOkEo6uJ37knUlHB7/Q4IX6MBpxGFCNtpL5d8yQdDDWSUjxAj5lgiOAF9CKJcDaCXkLz7Cbv21Wn7kwBF4lbkCoo0OzbX14ocBoTrjFDSvVcJ9F+hqSmmJG84qWKJAiP0ID0DOUoJsrPpufksGaUEEZCmsc1nKq/ExmKlRrHgZmMkR6qeW8i/uf1Uh2d+xnlSaoJx7NFUcqgFnDSDQypJFizsSEIS2r+CvEQmSa0abBiSnDnT14k7eO6e1I/vT2pNi6LOsrgAByCI+CCM9AA16AJWgCDR/AMXsGb9WS9WO/Wx2y0ZBWZffAH1ucPBNqcGA==</latexit>

@u

@t
= ↵

@2u

@x2

<latexit sha1_base64="FpAg+u6BtkVvZVatHIpLESHNigE=">AAACMXicbVDLSgMxFM34rOOr6tJNsAiuykyp6EYouumygn1Apy130kwbmnmQZMQyzC+58U/ETReKuPUnzLQFbeuBwOGcc5Pc40acSWVZE2NtfWNzazu3Y+7u7R8c5o+OGzKMBaF1EvJQtFyQlLOA1hVTnLYiQcF3OW26o7vMbz5SIVkYPKhxRDs+DALmMQJKS7181fEEkMSJQCgGHMfpL1epeWM6wKMh4MVYt7QQfOqW0l6+YBWtKfAqseekgOao9fKvTj8ksU8DRThI2batSHWS7ErCaWo6saQRkBEMaFvTAHwqO8l04xSfa6WPvVDoEyg8Vf9OJOBLOfZdnfRBDeWyl4n/ee1YededhAVRrGhAZg95se4ixFl9uM8EJYqPNQEimP4rJkPQ3ShdsqlLsJdXXiWNUtEuFy/vy4XK7byOHDpFZ+gC2egKVVAV1VAdEfSM3tA7+jBejInxaXzNomvGfOYELcD4/gEcNarA</latexit>

Victor Sacek IAG/USP



Exemplo de aplicação: 
Equação de calor

uk(x, t) = Dk sin(�x)e
�↵�2t

<latexit sha1_base64="+QhUyGAB+98c0ZtADT1aA1qJOVg=">AAACIHicbVBNSwMxEM36WetX1aOXYBEqaNktil4EUQ8eFawK3brMpqkNzWaXZFZalv4UL/4VLx4U0Zv+GtO6B78eDDzem0lmXphIYdB1352x8YnJqenCTHF2bn5hsbS0fGHiVDNeZ7GM9VUIhkuheB0FSn6VaA5RKPll2D0a+pe3XBsRq3PsJ7wZwY0SbcEArRSUdtOgW+lt4gbdp8dBl/pGKFrxpX2hBbS3Qfl1tuWDTDpAc/W6RnEQlMpu1R2B/iVeTsokx2lQevNbMUsjrpBJMKbhuQk2M9AomOSDop8angDrwg1vWKog4qaZjQ4c0HWrtGg71rYU0pH6fSKDyJh+FNrOCLBjfntD8T+vkWJ7r5kJlaTIFfv6qJ1KijEdpkVbQnOGsm8JMC3srpR1QANDm2nRhuD9PvkvuahVve3qztl2+eAwj6NAVskaqRCP7JIDckJOSZ0wckceyBN5du6dR+fFef1qHXPymRXyA87HJ+Z9oQM=</latexit>

= Dk sin
k⇡

L
x · e�↵ k2⇡2

L2 t

<latexit sha1_base64="cxeC6hz+ssATgVWW6EU9D3d1cN4="></latexit>

f(x, t) =
1X

k=1

uk(x, t)

<latexit sha1_base64="gIlvcm9CLrSbSnqOhkzYhuQzCpI=">AAACDHicbVDLSgMxFM3UV62vqks3wSJUkDIjFd0Uim5cVrAPaOuQSTNtaCYzJHfEMvQD3Pgrblwo4tYPcOffmLaz0NYDgcM553JzjxcJrsG2v63M0vLK6lp2PbexubW9k9/da+gwVpTVaShC1fKIZoJLVgcOgrUixUjgCdb0hlcTv3nPlOahvIVRxLoB6Uvuc0rASG6+4BcfTuAYV3BHx4GbDCvO+K7DpQ8jHLvDqWlSdsmeAi8SJyUFlKLm5r86vZDGAZNABdG67dgRdBOigFPBxrlOrFlE6JD0WdtQSQKmu8n0mDE+MkoP+6EyTwKeqr8nEhJoPQo8kwwIDPS8NxH/89ox+BfdhMsoBibpbJEfCwwhnjSDe1wxCmJkCKGKm79iOiCKUDD95UwJzvzJi6RxWnLKpbObcqF6mdaRRQfoEBWRg85RFV2jGqojih7RM3pFb9aT9WK9Wx+zaMZKZ/bRH1ifP1Jemeo=</latexit>

=
1X

k=1

Dk sin
k⇡

L
x · e�↵ k2⇡2

L2 t

<latexit sha1_base64="8I0cNPKbs0+H5V2nHxh2HKwn6iU="></latexit>

Victor Sacek IAG/USP



Exemplo de aplicação: 
Equação de calor

f(x, t) =
1X

k=1

uk(x, t)

<latexit sha1_base64="gIlvcm9CLrSbSnqOhkzYhuQzCpI=">AAACDHicbVDLSgMxFM3UV62vqks3wSJUkDIjFd0Uim5cVrAPaOuQSTNtaCYzJHfEMvQD3Pgrblwo4tYPcOffmLaz0NYDgcM553JzjxcJrsG2v63M0vLK6lp2PbexubW9k9/da+gwVpTVaShC1fKIZoJLVgcOgrUixUjgCdb0hlcTv3nPlOahvIVRxLoB6Uvuc0rASG6+4BcfTuAYV3BHx4GbDCvO+K7DpQ8jHLvDqWlSdsmeAi8SJyUFlKLm5r86vZDGAZNABdG67dgRdBOigFPBxrlOrFlE6JD0WdtQSQKmu8n0mDE+MkoP+6EyTwKeqr8nEhJoPQo8kwwIDPS8NxH/89ox+BfdhMsoBibpbJEfCwwhnjSDe1wxCmJkCKGKm79iOiCKUDD95UwJzvzJi6RxWnLKpbObcqF6mdaRRQfoEBWRg85RFV2jGqojih7RM3pFb9aT9WK9Wx+zaMZKZ/bRH1ifP1Jemeo=</latexit>

=
1X

k=1

Dk sin
k⇡

L
x · e�↵ k2⇡2

L2 t

<latexit sha1_base64="8I0cNPKbs0+H5V2nHxh2HKwn6iU="></latexit>

f(x, 0) = f(x) =
1X

k=1

Dk sin
k⇡

L
x

<latexit sha1_base64="J7DBDtvwkDw6yWmmtJ3diNnyaHY="></latexit>

Victor Sacek IAG/USP



Exemplo de aplicação: 
Equação de calor

f(x, 0) = f(x) =
1X

k=1

Dk sin
k⇡

L
x

<latexit sha1_base64="J7DBDtvwkDw6yWmmtJ3diNnyaHY="></latexit>

Comparação com séries de Fourier:

f(x) a0 +
1X

k=1

ak cos kux+ bk sin kux=

0

<latexit sha1_base64="N5TJ24ZtGvvOJUapKeIo4Hi0i/I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptsvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1atXLZq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPe7GMvA==</latexit>

0

<latexit sha1_base64="N5TJ24ZtGvvOJUapKeIo4Hi0i/I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptsvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1atXLZq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPe7GMvA==</latexit>

bk =
2

p

Z

p
f(x) sin k

2⇡

p
xdx

<latexit sha1_base64="go+gHjgZIkaDniqi5Jyy60JPvp0=">AAACH3icbVDLSgMxFM34rPVVdekmWIS6KTOlPjZC0Y3LCvYBnWHIpJk2NJMJSUZahv6JG3/FjQtFxF3/xkxbQVsPBA7nnMvNPYFgVGnbnlgrq2vrG5u5rfz2zu7efuHgsKniRGLSwDGLZTtAijDKSUNTzUhbSIKigJFWMLjN/NYjkYrG/EGPBPEi1OM0pBhpI/mFi8AfwGvohhLhtDJOxdilXPsChqXhGXQV5XDw47qCZoEh7A79QtEu21PAZeLMSRHMUfcLX243xklEuMYMKdVxbKG9FElNMSPjvJsoIhAeoB7pGMpRRJSXTu8bw1OjdGEYS/O4hlP190SKIqVGUWCSEdJ9tehl4n9eJ9HhlZdSLhJNOJ4tChMGdQyzsmCXSoI1GxmCsKTmrxD3kSlDm0rzpgRn8eRl0qyUnWr5/L5arN3M68iBY3ACSsABl6AG7kAdNAAGT+AFvIF369l6tT6sz1l0xZrPHIE/sCbfEvuiaw==</latexit>

u =
2⇡

p

<latexit sha1_base64="TLA9+Ek5u4zkjzTXSyDjtWWfrZQ=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyCp5KUil6EohePFWwtNKFstpt26SZZdjdiCfkrXjwo4tU/4s1/47bNQVsfDDzem2FmXiA4U9pxvq3S2vrG5lZ5u7Kzu7d/YB9WuypJJaEdkvBE9gKsKGcx7WimOe0JSXEUcPoQTG5m/sMjlYol8b2eCupHeBSzkBGsjTSwqym6Ql4oMckanmB5JvKBXXPqzhxolbgFqUGB9sD+8oYJSSMaa8KxUn3XEdrPsNSMcJpXvFRRgckEj2jf0BhHVPnZ/PYcnRpliMJEmoo1mqu/JzIcKTWNAtMZYT1Wy95M/M/rpzq89DMWi1TTmCwWhSlHOkGzINCQSUo0nxqCiWTmVkTG2AShTVwVE4K7/PIq6TbqbrN+ftesta6LOMpwDCdwBi5cQAtuoQ0dIPAEz/AKb1ZuvVjv1seitWQVM0fwB9bnD3cElBg=</latexit>

Victor Sacek IAG/USP



Exemplo de aplicação: 
Equação de calor

f(x, 0) = f(x) =
1X

k=1

Dk sin
k⇡

L
x

<latexit sha1_base64="J7DBDtvwkDw6yWmmtJ3diNnyaHY="></latexit>

bk =
2

p

Z

p
f(x) sin k

2⇡

p
xdx

<latexit sha1_base64="go+gHjgZIkaDniqi5Jyy60JPvp0=">AAACH3icbVDLSgMxFM34rPVVdekmWIS6KTOlPjZC0Y3LCvYBnWHIpJk2NJMJSUZahv6JG3/FjQtFxF3/xkxbQVsPBA7nnMvNPYFgVGnbnlgrq2vrG5u5rfz2zu7efuHgsKniRGLSwDGLZTtAijDKSUNTzUhbSIKigJFWMLjN/NYjkYrG/EGPBPEi1OM0pBhpI/mFi8AfwGvohhLhtDJOxdilXPsChqXhGXQV5XDw47qCZoEh7A79QtEu21PAZeLMSRHMUfcLX243xklEuMYMKdVxbKG9FElNMSPjvJsoIhAeoB7pGMpRRJSXTu8bw1OjdGEYS/O4hlP190SKIqVGUWCSEdJ9tehl4n9eJ9HhlZdSLhJNOJ4tChMGdQyzsmCXSoI1GxmCsKTmrxD3kSlDm0rzpgRn8eRl0qyUnWr5/L5arN3M68iBY3ACSsABl6AG7kAdNAAGT+AFvIF369l6tT6sz1l0xZrPHIE/sCbfEvuiaw==</latexit>

u =
2⇡

p

<latexit sha1_base64="TLA9+Ek5u4zkjzTXSyDjtWWfrZQ=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyCp5KUil6EohePFWwtNKFstpt26SZZdjdiCfkrXjwo4tU/4s1/47bNQVsfDDzem2FmXiA4U9pxvq3S2vrG5lZ5u7Kzu7d/YB9WuypJJaEdkvBE9gKsKGcx7WimOe0JSXEUcPoQTG5m/sMjlYol8b2eCupHeBSzkBGsjTSwqym6Ql4oMckanmB5JvKBXXPqzhxolbgFqUGB9sD+8oYJSSMaa8KxUn3XEdrPsNSMcJpXvFRRgckEj2jf0BhHVPnZ/PYcnRpliMJEmoo1mqu/JzIcKTWNAtMZYT1Wy95M/M/rpzq89DMWi1TTmCwWhSlHOkGzINCQSUo0nxqCiWTmVkTG2AShTVwVE4K7/PIq6TbqbrN+ftesta6LOMpwDCdwBi5cQAtuoQ0dIPAEz/AKb1ZuvVjv1seitWQVM0fwB9bnD3cElBg=</latexit>

f(x) =
1X

k=1

bk sin kux

<latexit sha1_base64="Iecu5zTVOxft1YR+daAU/jXc2/4=">AAACDnicbVDLSsNAFJ34rPUVdelmsBTqpiRS0U2h6MZlBfuAJobJdNIOmUzCzERaQr/Ajb/ixoUibl2782+ctllo64ELh3Pu5d57/IRRqSzr21hZXVvf2CxsFbd3dvf2zYPDtoxTgUkLxywWXR9JwignLUUVI91EEBT5jHT88Hrqdx6IkDTmd2qcEDdCA04DipHSkmeWg8roFNahI9PIy8K6Pbl3KA/UGPpeqFXKYZiOPLNkVa0Z4DKxc1ICOZqe+eX0Y5xGhCvMkJQ920qUmyGhKGZkUnRSSRKEQzQgPU05ioh0s9k7E1jWSh8GsdDFFZypvycyFEk5jnzdGSE1lIveVPzP66UquHQzypNUEY7ni4KUQRXDaTawTwXBio01QVhQfSvEQyQQVjrBog7BXnx5mbTPqnaten5bKzWu8jgK4BicgAqwwQVogBvQBC2AwSN4Bq/gzXgyXox342PeumLkM0fgD4zPH27dmyA=</latexit>

⇡

L
=

2⇡

p

<latexit sha1_base64="gKPNSD82gA0mY30D2DTU3Jl5+eg=">AAACB3icbVDLSgMxFM3UV62vUZeCBIvgqsyUim6EohsXLirYVugMJZNm2tBMJiQZoQyzc+OvuHGhiFt/wZ1/YzqdhbYeuHByzr3k3hMIRpV2nG+rtLS8srpWXq9sbG5t79i7ex0VJxKTNo5ZLO8DpAijnLQ11YzcC0lQFDDSDcZXU7/7QKSiMb/TE0H8CA05DSlG2kh9+9ALJcKpJ2iW3mTwAs7e9VwQWd+uOjUnB1wkbkGqoECrb395gxgnEeEaM6RUz3WE9lMkNcWMZBUvUUQgPEZD0jOUo4goP83vyOCxUQYwjKUprmGu/p5IUaTUJApMZ4T0SM17U/E/r5fo8NxPKReJJhzPPgoTBnUMp6HAAZUEazYxBGFJza4Qj5AJQpvoKiYEd/7kRdKp19xG7fS2UW1eFnGUwQE4AifABWegCa5BC7QBBo/gGbyCN+vJerHerY9Za8kqZvbBH1ifPyuXmYQ=</latexit>

! p = 2L

<latexit sha1_base64="gVz3KHddkbu0JHIVbZKHb3DfUQ0=">AAAB+3icbVA9SwNBEN3zM8avM5Y2i0GwCnchoo0QtLGwiGA+IDnC3mYvWbK3e+zOqSHkr9hYKGLrH7Hz37hJrtDEBwOP92aYmRcmghvwvG9nZXVtfWMzt5Xf3tnd23cPCg2jUk1ZnSqhdCskhgkuWR04CNZKNCNxKFgzHF5P/eYD04YreQ+jhAUx6UsecUrASl230NG8PwCitXrECb7E5duuW/RK3gx4mfgZKaIMta771ekpmsZMAhXEmLbvJRCMiQZOBZvkO6lhCaFD0mdtSyWJmQnGs9sn+MQqPRwpbUsCnqm/J8YkNmYUh7YzJjAwi95U/M9rpxBdBGMukxSYpPNFUSowKDwNAve4ZhTEyBJCNbe3YjogmlCwceVtCP7iy8ukUS75ldLZXaVYvcriyKEjdIxOkY/OURXdoBqqI4qe0DN6RW/OxHlx3p2PeeuKk80coj9wPn8AvFuTlw==</latexit>

Dk = bk =
1

L

Z L

�L
f(x) sin

k⇡x

L
dx

<latexit sha1_base64="9LuI5pOXBo5a8yBEqlFJcMnUpsQ="></latexit>

Victor Sacek IAG/USP



Exemplo de aplicação: 
Equação de calor

Dk = bk =
1

L

Z L

�L
f(x) sin

k⇡x

L
dx

<latexit sha1_base64="9LuI5pOXBo5a8yBEqlFJcMnUpsQ=">AAACLHicbVBNS8MwGE7n9/yaevQSHIIeHK1M9CKI8+BhhwnODdZa0jTdwtK0JKlslP4gL/4VQTw4xKu/w6zrwa8HEp487/Py5n28mFGpTHNilObmFxaXllfKq2vrG5uVre07GSUCkzaOWCS6HpKEUU7aiipGurEgKPQY6XjDxrTeeSBC0ojfqnFMnBD1OQ0oRkpLbqVx5Q7hOfTy2w4EwqmVpc0M2pQrNz1qZvfTV3AwOoS2pL zwDO2YwlFu9EdupWrWzBzwL7EKUgUFWm7lxfYjnISEK8yQlD3LjJWTIqEoZiQr24kkMcJD1Cc9TTkKiXTSfNkM7mvFh0Ek9OEK5ur3jhSFUo5DTztDpAbyd20q/lfrJSo4c1LK40QRjmeDgoRBFcFpctCngmDFxpogLKj+K8QDpNNQOt+yDsH6vfJfcndcs+q1k5t69eKyiGMZ7II9cAAscAouwDVogTbA4BE8gzcwMZ6MV+Pd+JhZS0bRswN+wPj8ArHipsA=</latexit>

Função 
ímpar

Função 
ímpar L

<latexit sha1_base64="TOO3Ikl/IgY7t8Ss6ba6sY3RmME=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4komXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZa9SvqxXStWbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCmIYzY</latexit>

0

<latexit sha1_base64="N5TJ24ZtGvvOJUapKeIo4Hi0i/I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptsvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1atXLZq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPe7GMvA==</latexit>

x

<latexit sha1_base64="E+xWb622b2P97o+CO1oWwc/7ors=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNRo9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1K+rFdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOjRjQQ=</latexit>

f(x)

<latexit sha1_base64="W7v81WIMIV3u4qtO7X4q6tOO6Gk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquVPRY9OKxgv2AdinZNNuGJtklyYpl6V/w4kERr/4hb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3mdx6p0iySD2YaU1/gkWQhI9hkUlh9Oh+UK27NnQOtEi8nFcjRHJS/+sOIJIJKQzjWuue5sfFTrAwjnM5K/UTTGJMJHtGepRILqv10fusMnVlliMJI2ZIGzdXfEykWWk9FYDsFNmO97GXif14vMeG1nzIZJ4ZKslgUJhyZCGWPoyFTlBg+tQQTxeytiIyxwsTYeEo2BG/55VXSvqh59drlfb3SuMnjKMIJnEIVPLiCBtxBE1pAYAzP8ApvjnBenHfnY9FacPKZY/gD5/MHbveN2Q==</latexit>

�L

<latexit sha1_base64="2zN2gnGVixNQHBmn2JLjK/bLfH8=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgY7iTiJZBGwuLKOYDkhD2NnvJkr29Y3dOCEf+gY2FIrb+Izv/jZvkCk18MPB4b4aZeX4shUHX/XZyK6tr6xv5zcLW9s7uXnH/oGGiRDNeZ5GMdMunhkuheB0FSt6KNaehL3nTH91M/eYT10ZE6hHHMe+GdKBEIBhFKz2c3fWKJbfszkCWiZeREmSo9YpfnX7EkpArZJIa0/bcGLsp1SiY5JNCJzE8pmxEB7xtqaIhN910dumEnFilT4JI21JIZurviZSGxoxD33aGFIdm0ZuK/3ntBIOrbipUnCBXbL4oSCTBiEzfJn2hOUM5toQyLeythA2ppgxtOAUbgrf48jJpnJe9SvnivlKqXmdx5OEIjuEUPLiEKtxCDerAIIBneIU3Z+S8OO/Ox7w152Qzh/AHzucPD3WNDw==</latexit>

{<latexit sha1_base64="ntDth5Lz/HMXf/DVZSIVH/fk+BM=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKHoMevEYwTwgu4TZyWwyZPbBTK8Ql3yJFw+KePVTvPk3TpI9aGJBQ1HVTXdXkEqh0XG+rdLa+sbmVnm7srO7t1+1Dw7bOskU4y2WyER1A6q5FDFvoUDJu6niNAok7wTj25nfeeRKiyR+wEnK/YgOYxEKRtFIfbvqSR6ilxNPieEI63275tSdOcgqcQtSgwLNvv3lDRKWRTxGJqnWPddJ0c+pQsEkn1a8TPOUsjEd8p6hMY249vP54VNyapQBCRNlKkYyV39P5DTSehIFpjOiONLL3kz8z+tlGF77uYjTDHnMFovCTBJMyCwFMhCKM5QTQyhTwtxK2IgqytBkVTEhuMsvr5L2ed29qF/eX9QaN0UcZTiGEzgDF66gAXfQhBYwyOAZXuHNerJerHfrY9FasoqZI/gD6/MHaK6S7w==</latexit>

Função 
par

Dk =
2

L

Z L

0
f(x) sin

k⇡x

L
dx

<latexit sha1_base64="lj1bWg+zoxqaoR6Hb+8hhfQvYbA="></latexit>

L

<latexit sha1_base64="TOO3Ikl/IgY7t8Ss6ba6sY3RmME=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4komXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZa9SvqxXStWbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCmIYzY</latexit>

0

<latexit sha1_base64="N5TJ24ZtGvvOJUapKeIo4Hi0i/I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptsvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1atXLZq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPe7GMvA==</latexit>

x

<latexit sha1_base64="E+xWb622b2P97o+CO1oWwc/7ors=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNRo9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1K+rFdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOjRjQQ=</latexit>

�L

<latexit sha1_base64="2zN2gnGVixNQHBmn2JLjK/bLfH8=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgY7iTiJZBGwuLKOYDkhD2NnvJkr29Y3dOCEf+gY2FIrb+Izv/jZvkCk18MPB4b4aZeX4shUHX/XZyK6tr6xv5zcLW9s7uXnH/oGGiRDNeZ5GMdMunhkuheB0FSt6KNaehL3nTH91M/eYT10ZE6hHHMe+GdKBEIBhFKz2c3fWKJbfszkCWiZeREmSo9YpfnX7EkpArZJIa0/bcGLsp1SiY5JNCJzE8pmxEB7xtqaIhN910dumEnFilT4JI21JIZurviZSGxoxD33aGFIdm0ZuK/3ntBIOrbipUnCBXbL4oSCTBiEzfJn2hOUM5toQyLeythA2ppgxtOAUbgrf48jJpnJe9SvnivlKqXmdx5OEIjuEUPLiEKtxCDerAIIBneIU3Z+S8OO/Ox7w152Qzh/AHzucPD3WNDw==</latexit>

Exemplo de 
função par

Victor Sacek IAG/USP



Exemplo de aplicação: 
Equação de calor

@u

@t
= ↵r2u

<latexit sha1_base64="TNe5Sk4syZ8fd9niyhB5APUwo1I=">AAACG3icbVBNS8NAFNzUr1q/oh69LBbBU0lKRS9C0YvHCrYVmlhetpt26WYTdjdCCf0fXvwrXjwo4knw4L9x0xbU1oGFYeY93s4ECWdKO86XVVhaXlldK66XNja3tnfs3b2WilNJaJPEPJa3ASjKmaBNzTSnt4mkEAWctoPhZe6376lULBY3epRQP4K+YCEjoI3UtateKIFkXgJSM+A4Hf9wPcbnuOQBTwaAPQEBh7sqTrt22ak4E+BF4s5IGc3Q6NofXi8maUSFJhyU6rhOov0sv0I4HZe8VNEEyBD6tGOogIgqP5tkG+Mjo/RwGEvzhMYT9fdGBpFSoygwkxHogZr3cvE/r5Pq8MzPmEhSTQWZHgpTkzrGeVG4xyQlmo8MASKZ+SsmAzBlaVNnyZTgzkdeJK1qxa1VTq5r5frFrI4iOkCH6Bi56BTV0RVqoCYi6AE9oRf0aj1az9ab9T4dLViznX30B9bnNyctoNI=</latexit>

u(x, 0) = f(x) 8 x 2 [0, L]

<latexit sha1_base64="D7/5rXOLAZclCjt9ZKNCF95is2k=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0VooZREKroRim5cuKhgH5CEMplO2qGTSZiZSEvpL7jxV9y4UMStO3f+jZM2C209w8DhnHu59x4/ZlQqy/o2ciura+sb+c3C1vbO7p65f9CSUSIwaeKIRaLjI0kY5aSpqGKkEwuCQp+Rtj+8Tv32AxGSRvxejWPihajPaUAxUlrqmqWkNKpYZXgJg9KoDN30BZFAjGkGR9ClHDpW5dbrmkWras0Al4mdkSLI0OiaX24vwklIuMIMSenYVqy8CRKKYkamBTeRJEZ4iPrE0ZSjkEhvMrtoCk+00oN6Ef25gjP1d8cEhVKOQ19XhkgN5KKXiv95TqKCC29CeZwowvF8UJAwqCKYxgN7VBCs2FgThAXVu0I8QAJhpUMs6BDsxZOXSeu0ateqZ3e1Yv0qiyMPjsAxKAEbnIM6uAEN0AQYPIJn8ArejCfjxXg3PualOSPrOQR/YHz+ADc0mYQ=</latexit>

u(0, t) = u(L, t) = 0 8 t � 0

<latexit sha1_base64="l7igh0s8JcSiPuKJ/EdSQmcMSgs=">AAACEnicbZA7SwNBEMf3fMb4OrW0WQxCAhLuJKKNELSxsIhgHpA7wt5mL1my92B3TghHPoONX8XGQhFbKzu/jXvJFZo4y8KP/8wwM38vFlyBZX0bS8srq2vrhY3i5tb2zq65t99SUSIpa9JIRLLjEcUED1kTOAjWiSUjgSdY2xtdZ/n2A5OKR+E9jGPmBmQQcp9TAlrqmZWkbJ1ABV/ipHw7Aws72fMjSYTQBNgZMGz1zJJVtaaBF8HOoYTyaPTML6cf0SRgIVBBlOraVgxuSiRwKtik6CSKxYSOyIB1NYYkYMpNpydN8LFW+ljvoH8IeKr+7khJoNQ48HRlQGCo5nOZ+F+um4B/4aY8jBNgIZ0N8hOBIcKZP7jPJaMgxhoIlVzviumQSEJBu1jUJtjzJy9C67Rq16pnd7VS/Sq3o4AO0REqIxudozq6QQ3URBQ9omf0it6MJ+PFeDc+ZqVLRt5zgP6E8fkDDBqZWw==</latexit>

Dk =
2

L

Z L

0
f(x) sin

k⇡x

L
dx

<latexit sha1_base64="lj1bWg+zoxqaoR6Hb+8hhfQvYbA="></latexit>

=
1X

k=1

Dk sin
k⇡

L
x · e�↵ k2⇡2

L2 t

<latexit sha1_base64="8I0cNPKbs0+H5V2nHxh2HKwn6iU="></latexit>

u(x, t)

<latexit sha1_base64="u5JdC31YzEBC1xM2zh9CPBIcp1Q=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpRdqeix6MVjBfsB7VKyabaNzSZLkhXL0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdDP1W49UaSbFvRnH1I/wQLCQEWys1EzKT2fmtFcsuRV3BrRMvIyUIEO9V/zq9iVJIioM4VjrjufGxk+xMoxwOil0E01jTEZ4QDuWChxR7aezayfoxCp9FEplSxg0U39PpDjSehwFtjPCZqgXvan4n9dJTHjlp0zEiaGCzBeFCUdGounrqM8UJYaPLcFEMXsrIkOsMDE2oIINwVt8eZk0zytetXJxVy3VrrM48nAEx1AGDy6hBrdQhwYQeIBneIU3RzovzrvzMW/NOdnMIfyB8/kDxTuOnA==</latexit>

Victor Sacek IAG/USP


