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Forma Geral

As EDO’s de 2º ordem lineares autônomas são

https://sites.icmc.usp.br/tiago/index.html/edo.html

x

00 + ax

0 + bx = f(t)

<latexit sha1_base64="uARpuW+HkBn8y8M+QoIc7XH/NGs=">AAACFXicbVDLSgMxFM34rPU16tJNsAgVpcxIQTdCwYUuK9gHtGPJpJk2NMkMSUZahv6EG3/FjQtF3Aru/Bsz7SDaeiDk5Jx7ubnHjxhV2nG+rIXFpeWV1dxafn1jc2vb3tmtqzCWmNRwyELZ9JEijApS01Qz0owkQdxnpOEPLlO/cU+koqG41aOIeBz1BA0oRtpIHftkeJe0I0k5gdNrDI8hgj9q+vSH8AIGRX3UsQtOyZkAzhM3IwWQodqxP9vdEMecCI0ZUqrlOpH2EiQ1xYyM8+1YkQjhAeqRlqECcaK8ZLLVGB4apQuDUJojNJyovzsSxJUacd9UcqT7atZLxf+8VqyDcy+hIoo1EXg6KIgZ1CFMI4JdKgnWbGQIwpKav0LcRxJhbYLMmxDc2ZXnSf205JZL5ZtyoXKVxZED++AAFIELzkAFXIMqqAEMHsATeAGv1qP1bL1Z79PSBSvr2QN/YH18AwKMnW8=</latexit>
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x

00 + ax

0 + bx = f(t)

<latexit sha1_base64="uARpuW+HkBn8y8M+QoIc7XH/NGs=">AAACFXicbVDLSgMxFM34rPU16tJNsAgVpcxIQTdCwYUuK9gHtGPJpJk2NMkMSUZahv6EG3/FjQtF3Aru/Bsz7SDaeiDk5Jx7ubnHjxhV2nG+rIXFpeWV1dxafn1jc2vb3tmtqzCWmNRwyELZ9JEijApS01Qz0owkQdxnpOEPLlO/cU+koqG41aOIeBz1BA0oRtpIHftkeJe0I0k5gdNrDI8hgj9q+vSH8AIGRX3UsQtOyZkAzhM3IwWQodqxP9vdEMecCI0ZUqrlOpH2EiQ1xYyM8+1YkQjhAeqRlqECcaK8ZLLVGB4apQuDUJojNJyovzsSxJUacd9UcqT7atZLxf+8VqyDcy+hIoo1EXg6KIgZ1CFMI4JdKgnWbGQIwpKav0LcRxJhbYLMmxDc2ZXnSf205JZL5ZtyoXKVxZED++AAFIELzkAFXIMqqAEMHsATeAGv1qP1bL1Z79PSBSvr2QN/YH18AwKMnW8=</latexit>

função incognita
x : R ! R

<latexit sha1_base64="RtjJRZX0MGSUUgTQ4Q5xkY4XwqI=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1VwVRIpKK4KLnRZxT6gCWUynbRDJzNhZqKW0B9w46+4caGIW/fu/BsnbRa19cCFwzn3cu89Qcyo0o7zYxWWlldW14rrpY3Nre0de3evqUQiMWlgwYRsB0gRRjlpaKoZaceSoChgpBUMLzO/dU+kooLf6VFM/Aj1OQ0pRtpIXfvo8QJ6EdKDIEhvx9CTtD/QSErxMCN37bJTcSaAi8TNSRnkqHftb68ncBIRrjFDSnVcJ9Z+iqSmmJFxyUsUiREeoj7pGMpRRJSfTr4Zw2Oj9GAopCmu4USdnUhRpNQoCkxndqGa9zLxP6+T6PDcTymPE004ni4KEwa1gFk0sEclwZqNDEFYUnMrxAMkEdYmwJIJwZ1/eZE0TytutVK9qZZrV3kcRXAADsEJcMEZqIFrUAcNgMETeAFv4N16tl6tD+tz2lqw8pl98AfW1y+xeJv+</latexit>

onde
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x

00 + ax

0 + bx = f(t)
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constantes

As EDO’s de 2º ordem lineares autônomas são

https://sites.icmc.usp.br/tiago/index.html/edo.html
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x

00 + ax

0 + bx = f(t)
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termo não homogêneo

forçamento 

As EDO’s de 2º ordem lineares autônomas são

https://sites.icmc.usp.br/tiago/index.html/edo.html


Forma Geral

EDO’s Homogêneas

x

00 + ax

0 + bx = 0

<latexit sha1_base64="haQiCbUtp8m8kO+zPSIv0wromwE=">AAACEnicbVDLSgMxFL3js9bXqEs3wSIoQpmRgm6EggtdVrAPaMeSSdM2NJMZkoy0DP0GN/6KGxeKuHXlzr8x0w6irQdCTs65l5t7/IgzpR3ny1pYXFpeWc2t5dc3Nre27Z3dmgpjSWiVhDyUDR8rypmgVc00p41IUhz4nNb9wWXq1++pVCwUt3oUUS/APcG6jGBtpLZ9PLxLWpFkAUXTa4xOEEY/avr0h+gCOW274BSdCdA8cTNSgAyVtv3Z6oQkDqjQhGOlmq4TaS/BUjPC6TjfihWNMBngHm0aKnBAlZdMVhqjQ6N0UDeU5giNJurvjgQHSo0C31QGWPfVrJeK/3nNWHfPvYSJKNZUkOmgbsyRDlGaD+owSYnmI0Mwkcz8FZE+lphok2LehODOrjxPaqdFt1Qs3ZQK5assjhzswwEcgQtnUIZrqEAVCDzAE7zAq/VoPVtv1vu0dMHKevbgD6yPb+p/nFY=</latexit>

https://sites.icmc.usp.br/tiago/index.html/edo.html

https://sites.icmc.usp.br/tiago/index.html/edo.html


Massa deslisando sobre uma superfície sem atrito

M

https://sites.icmc.usp.br/tiago/index.html/edo.html

Exemplos: Massa-Mola

https://sites.icmc.usp.br/tiago/index.html/edo.html


presa a uma mola

M
k
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Exemplos: Massa-Mola

https://sites.icmc.usp.br/tiago/index.html/edo.html


M
k
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em um fluido (com atrito viscoso)

Exemplos: Massa-Mola

https://sites.icmc.usp.br/tiago/index.html/edo.html


M
k

x

https://sites.icmc.usp.br/tiago/index.html/edo.html

Descrever a posição com respeito ao equilíbrio

Exemplos: Massa-Mola

https://sites.icmc.usp.br/tiago/index.html/edo.html


Mx

00 = F

<latexit sha1_base64="whPwOxyoToAmMNrJlYn3v1Nfgv0=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARXJVECroRCoK6ESrYB7SxTKY37dCZJMxMxBKy8VfcuFDErZ/hzr9x2mahrQcu93DOvczc48ecKe0439bC4tLyymphrbi+sbm1be/sNlSUSAp1GvFItnyigLMQ6pppDq1YAhE+h6Y/vBj7zQeQikXhnR7F4AnSD1nAKNFG6tr7N/jxPu3EkgnA05bhc3zZtUtO2ZkAzxM3JyWUo9a1vzq9iCYCQk05UartOrH2UiI1oxyyYidREBM6JH1oGxoSAcpLJwdk+MgoPRxE0lSo8UT9vZESodRI+GZSED1Qs95Y/M9rJzo481IWxomGkE4fChKOdYTHaeAek0A1HxlCqGTmr5gOiCRUm8yKJgR39uR50jgpu5Vy5bZSql7lcRTQATpEx8hFp6iKrlEN1RFFGXpGr+jNerJerHfrYzq6YOU7e+gPrM8fcDqVrQ==</latexit>

Aplicando a Lei de Newton

https://sites.icmc.usp.br/tiago/index.html/edo.html

Exemplos: Massa-Mola

https://sites.icmc.usp.br/tiago/index.html/edo.html


Mx

00 = F

<latexit sha1_base64="whPwOxyoToAmMNrJlYn3v1Nfgv0=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARXJVECroRCoK6ESrYB7SxTKY37dCZJMxMxBKy8VfcuFDErZ/hzr9x2mahrQcu93DOvczc48ecKe0439bC4tLyymphrbi+sbm1be/sNlSUSAp1GvFItnyigLMQ6pppDq1YAhE+h6Y/vBj7zQeQikXhnR7F4AnSD1nAKNFG6tr7N/jxPu3EkgnA05bhc3zZtUtO2ZkAzxM3JyWUo9a1vzq9iCYCQk05UartOrH2UiI1oxyyYidREBM6JH1oGxoSAcpLJwdk+MgoPRxE0lSo8UT9vZESodRI+GZSED1Qs95Y/M9rJzo481IWxomGkE4fChKOdYTHaeAek0A1HxlCqGTmr5gOiCRUm8yKJgR39uR50jgpu5Vy5bZSql7lcRTQATpEx8hFp6iKrlEN1RFFGXpGr+jNerJerHfrYzq6YOU7e+gPrM8fcDqVrQ==</latexit>

Frest + Fvis

<latexit sha1_base64="qqBPK/L0IyP7TPpZ1lOQ3HR1nCY=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCIJRECrosCOqygn1AG8JkOmmHziRhZlIooeDGX3HjQhG3/oQ7/8Zpm4W2Hrhw5px7mXtPkHCmtON8W4WV1bX1jeJmaWt7Z3fP3j9oqjiVhDZIzGPZDrCinEW0oZnmtJ1IikXAaSsYXk/91ohKxeLoQY8T6gncj1jICNZG8u2jGz/rSoEkVXqCzlH+HDE18e2yU3FmQMvEzUkZctR9+6vbi0kqaKQJx0p1XCfRXoalZoTTSambKppgMsR92jE0woIqL5vdMEGnRumhMJamIo1m6u+JDAulxiIwnQLrgVr0puJ/XifV4ZWXsShJNY3I/KMw5UjHaBoI6jFJieZjQzCRzOyKyABLTLSJrWRCcBdPXibNi4pbrVTvq+XabR5HEY7hBM7AhUuowR3UoQEEHuEZXuHNerJerHfrY95asPKZQ/gD6/MHBPKXJg==</latexit>

Aplicando a Lei de Newton
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Exemplos: Massa-Mola
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Mx

00 = F
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Frest + Fvis

<latexit sha1_base64="qqBPK/L0IyP7TPpZ1lOQ3HR1nCY=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCIJRECrosCOqygn1AG8JkOmmHziRhZlIooeDGX3HjQhG3/oQ7/8Zpm4W2Hrhw5px7mXtPkHCmtON8W4WV1bX1jeJmaWt7Z3fP3j9oqjiVhDZIzGPZDrCinEW0oZnmtJ1IikXAaSsYXk/91ohKxeLoQY8T6gncj1jICNZG8u2jGz/rSoEkVXqCzlH+HDE18e2yU3FmQMvEzUkZctR9+6vbi0kqaKQJx0p1XCfRXoalZoTTSambKppgMsR92jE0woIqL5vdMEGnRumhMJamIo1m6u+JDAulxiIwnQLrgVr0puJ/XifV4ZWXsShJNY3I/KMw5UjHaBoI6jFJieZjQzCRzOyKyABLTLSJrWRCcBdPXibNi4pbrVTvq+XabR5HEY7hBM7AhUuowR3UoQEEHuEZXuHNerJerHfrY95asPKZQ/gD6/MHBPKXJg==</latexit>

�Kx

<latexit sha1_base64="9Y7DCkc9x3C9r7Y5F98qcPAyOxg=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS0GPBg4KXCqYttKFstpN26WYTdjdiKf0NXjwo4tUf5M1/47bNQVsfDDzem2FmXpgKro3rfjsrq2vrG5uFreL2zu7efungsKGTTDH0WSIS1QqpRsEl+oYbga1UIY1Dgc1weD31m4+oNE/kgxmlGMS0L3nEGTVW8s/JHXnqlspuxZ2BLBMvJ2XIUe+Wvjq9hGUxSsME1brtuakJxlQZzgROip1MY0rZkPaxbamkMepgPDt2Qk6t0iNRomxJQ2bq74kxjbUexaHtjKkZ6EVvKv7ntTMTXQVjLtPMoGTzRVEmiEnI9HPS4wqZESNLKFPc3krYgCrKjM2naEPwFl9eJo2LiletVO+r5dpNHkcBjuEEzsCDS6jBLdTBBwYcnuEV3hzpvDjvzse8dcXJZ47gD5zPH5Zkjeg=</latexit>

�bx

0

<latexit sha1_base64="u4is9dsHWkYFCL/Y4rhzgJOPv/8=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBC8GHYloMeABz1GMA9INmF20kmGzOwuM7NqWPIfXjwo4tV/8ebfOEn2oIkFDUVVN91dQSy4Nq777aysrq1vbOa28ts7u3v7hYPDuo4SxbDGIhGpZkA1Ch5izXAjsBkrpDIQ2AhG11O/8YBK8yi8N+MYfUkHIe9zRo2VOuckIE+dtB0rLnHSLRTdkjsDWSZeRoqQodotfLV7EUskhoYJqnXLc2Pjp1QZzgRO8u1EY0zZiA6wZWlIJWo/nV09IadW6ZF+pGyFhszU3xMplVqPZWA7JTVDvehNxf+8VmL6V37KwzgxGLL5on4iiInINALS4wqZEWNLKFPc3krYkCrKjA0qb0PwFl9eJvWLklcule/KxcpNFkcOjuEEzsCDS6jALVShBgwUPMMrvDmPzovz7nzMW1ecbOYI/sD5/AHmjZIo</latexit>

Aplicando a Lei de Newton

https://sites.icmc.usp.br/tiago/index.html/edo.html

Exemplos: Massa-Mola

https://sites.icmc.usp.br/tiago/index.html/edo.html


Mx

00 + bx

0 +Kx = 0

<latexit sha1_base64="5X9bhoCEU3RRQfuwykiHWcSBTts=">AAACFXicbVDLSgMxFM34rPU16tJNsAiCUmakoBuh4EJBhAr2Ae1YMmmmDU0yQ5KRlqE/4cZfceNCEbeCO//GTDugth4IOTnnXm7u8SNGlXacL2tufmFxaTm3kl9dW9/YtLe2ayqMJSZVHLJQNnykCKOCVDXVjDQiSRD3Gan7/fPUr98TqWgobvUwIh5HXUEDipE2Uts+uoaDu6QVScoJnFwjeAj9HzV9XsEBPHNg2y44RWcMOEvcjBRAhkrb/mx1QhxzIjRmSKmm60TaS5DUFDMyyrdiRSKE+6hLmoYKxInykvFWI7hvlA4MQmmO0HCs/u5IEFdqyH1TyZHuqWkvFf/zmrEOTr2EiijWRODJoCBmUIcwjQh2qCRYs6EhCEtq/gpxD0mEtQkyb0Jwp1eeJbXjolsqlm5KhfJFFkcO7II9cABccALK4BJUQBVg8ACewAt4tR6tZ+vNep+UzllZzw74A+vjGy5CnOs=</latexit>

https://sites.icmc.usp.br/tiago/index.html/edo.html

Portanto

Exemplos: Massa-Mola

https://sites.icmc.usp.br/tiago/index.html/edo.html


x

00 + �x

0 + !

2
0x = 0

<latexit sha1_base64="n5aDXf1SzQfuMY3lZbHMKBcHbJw=">AAACIXicbVDLSgNBEJyNrxhfUY9eBoMgCGE3BMxFCHjQYwSTCHnRO+nEwZndZWZWEpb8ihd/xYsHRXITf8bJA9HEgqaLqm5muvxIcG1c99NJrayurW+kNzNb2zu7e9n9g5oOY8WwykIRqjsfNAoeYNVwI/AuUgjSF1j3Hy4nfv0RleZhcGuGEbYk9APe4wyMlTrZ0qCdNCPFJdJZG9Ez2uyDlEB/rKkWSuxDx20X6IBeuLSTzbl5dwq6TLw5yZE5Kp3suNkNWSwxMEyA1g3PjUwrAWU4EzjKNGONEbAH6GPD0gAk6lYyvXBET6zSpb1Q2QoMnaq/NxKQWg+lbyclmHu96E3E/7xGbHqlVsKDKDYYsNlDvVhQE9JJXLTLFTIjhpYAU9z+lbJ7UMCMDTVjQ/AWT14mtULeK+aLN8Vc+WoeR5ockWNySjxyTsrkmlRIlTDyRF7IG3l3np1X58MZz0ZTznznkPyB8/UNGSiiLA==</latexit>

� =
b

M

<latexit sha1_base64="MFcQzt+1O7O2ot6fHc4xO4gVviM=">AAAB+3icbVBNSwMxEM3Wr1q/1nr0EiyCp7IrBb0IBQ96ESrYD+guZTbNtqFJdkmyYin9K148KOLVP+LNf2Pa7kFbHww83pthZl6UcqaN5307hbX1jc2t4nZpZ3dv/8A9LLd0kilCmyThiepEoClnkjYNM5x2UkVBRJy2o9H1zG8/UqVZIh/MOKWhgIFkMSNgrNRzy8EAhAB8hYNYAcERvuu5Fa/qzYFXiZ+TCsrR6LlfQT8hmaDSEA5ad30vNeEElGGE02kpyDRNgYxgQLuWShBUh5P57VN8apU+jhNlSxo8V39PTEBoPRaR7RRghnrZm4n/ed3MxJfhhMk0M1SSxaI449gkeBYE7jNFieFjS4AoZm/FZAg2A2PjKtkQ/OWXV0nrvOrXqrX7WqV+k8dRRMfoBJ0hH12gOrpFDdREBD2hZ/SK3pyp8+K8Ox+L1oKTzxyhP3A+fwAQ2ZMu</latexit>

!2
0 =

K

M

<latexit sha1_base64="gPHSN09pdF8EmcyJTFVWjicmDuk=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJWkFHQjFFwoiFDBPqCJYTKdtENnJmFmIpTYhb/ixoUibv0Nd/6N0zYLbT1w4XDOvdx7T5gwqrTjfFuFpeWV1bXiemljc2t7x97da6k4lZg0ccxi2QmRIowK0tRUM9JJJEE8ZKQdDi8mfvuBSEVjcadHCfE56gsaUYy0kQL7wIs56aPAua/Cc+hFEmF4DW8Cu+xUnCngInFzUgY5GoH95fVinHIiNGZIqa7rJNrPkNQUMzIueakiCcJD1CddQwXiRPnZ9P4xPDZKD0axNCU0nKq/JzLElRrx0HRypAdq3puI/3ndVEdnfkZFkmoi8GxRlDKoYzgJA/aoJFizkSEIS2puhXiATAbaRFYyIbjzLy+SVrXi1iq121q5fpnHUQSH4AicABecgjq4Ag3QBBg8gmfwCt6sJ+vFerc+Zq0FK5/ZB39gff4AV/qUZA==</latexit>

https://sites.icmc.usp.br/tiago/index.html/edo.html

Na forma dada: Dividindo por M

Exemplos: Massa-Mola

https://sites.icmc.usp.br/tiago/index.html/edo.html


Exemplos: Circuito RLC

https://sites.icmc.usp.br/tiago/index.html/edo.html

R L C

https://sites.icmc.usp.br/tiago/index.html/edo.html


Exemplos: Circuito RLC

https://sites.icmc.usp.br/tiago/index.html/edo.html

R L C

VR + VL + Vc = Vf (t)

<latexit sha1_base64="MOKYTfzuQtsSFgmA8Qd9oUthuzU=">AAACAXicbVDLSsNAFL2pr1pfUTeCm8EiVISSSEE3QsGFLlxUsWmhDWEynbRDJw9mJkIJdeOvuHGhiFv/wp1/4zTtQqsH5nI4517u3OMnnEllWV9GYWFxaXmluFpaW9/Y3DK3dxwZp4LQJol5LNo+lpSziDYVU5y2E0Fx6HPa8ocXE791T4VkcXSnRgl1Q9yPWMAIVlryzD3Hu0XHyPGu80rQua5BRR15ZtmqWjnQX2LPSBlmaHjmZ7cXkzSkkSIcS9mxrUS5GRaKEU7HpW4qaYLJEPdpR9MIh1S6WX7BGB1qpYeCWOgXKZSrPycyHEo5Cn3dGWI1kPPeRPzP66QqOHMzFiWpohGZLgpSjlSMJnGgHhOUKD7SBBPB9F8RGWCBidKhlXQI9vzJf4lzUrVr1dpNrVy/nMVRhH04gArYcAp1uIIGNIHAAzzBC7waj8az8Wa8T1sLxmxmF37B+PgG3XeT+g==</latexit>

Pela Lei de Kirchhof

https://sites.icmc.usp.br/tiago/index.html/edo.html


https://sites.icmc.usp.br/tiago/index.html/edo.html

Exemplos: Circuito RLC

VR + VL + Vc = Vf (t)

<latexit sha1_base64="MOKYTfzuQtsSFgmA8Qd9oUthuzU=">AAACAXicbVDLSsNAFL2pr1pfUTeCm8EiVISSSEE3QsGFLlxUsWmhDWEynbRDJw9mJkIJdeOvuHGhiFv/wp1/4zTtQqsH5nI4517u3OMnnEllWV9GYWFxaXmluFpaW9/Y3DK3dxwZp4LQJol5LNo+lpSziDYVU5y2E0Fx6HPa8ocXE791T4VkcXSnRgl1Q9yPWMAIVlryzD3Hu0XHyPGu80rQua5BRR15ZtmqWjnQX2LPSBlmaHjmZ7cXkzSkkSIcS9mxrUS5GRaKEU7HpW4qaYLJEPdpR9MIh1S6WX7BGB1qpYeCWOgXKZSrPycyHEo5Cn3dGWI1kPPeRPzP66QqOHMzFiWpohGZLgpSjlSMJnGgHhOUKD7SBBPB9F8RGWCBidKhlXQI9vzJf4lzUrVr1dpNrVy/nMVRhH04gArYcAp1uIIGNIHAAzzBC7waj8az8Wa8T1sLxmxmF37B+PgG3XeT+g==</latexit>

Ri

<latexit sha1_base64="CTmpR6PNQAqf3uiJTb+qIlJLtHE=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKQI8BD3qMjzwgWcLspDcZMju7zMwKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mr2d++wmV5rF8NJME/YgOJQ85o8ZKD/eE98sVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVL1atXZXq9Rv8jiKcAKncA4eXEIdbqEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPKqY1/</latexit>

Li0

<latexit sha1_base64="hNTsMbMwTagMF6NwEzEj1U9d3tc=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqexKQY8FD3rwUMF+QHct2XTahibZkGSFsvRvePGgiFf/jDf/jWm7B219MPB4b4aZebHizFjf//YKa+sbm1vF7dLO7t7+QfnwqGWSVFNo0oQnuhMTA5xJaFpmOXSUBiJiDu14fD3z20+gDUvkg50oiAQZSjZglFgnhXeYPWah0kzAtFeu+FV/DrxKgpxUUI5Gr/wV9hOaCpCWcmJMN/CVjTKiLaMcpqUwNaAIHZMhdB2VRICJsvnNU3zmlD4eJNqVtHiu/p7IiDBmImLXKYgdmWVvJv7ndVM7uIoyJlVqQdLFokHKsU3wLADcZxqo5RNHCNXM3YrpiGhCrYup5EIIll9eJa2LalCr1u5rlfpNHkcRnaBTdI4CdInq6BY1UBNRpNAzekVvXuq9eO/ex6K14OUzx+gPvM8f6n6Rog==</latexit>

q

c

<latexit sha1_base64="dWl8Vyavd8ENadA1Fugv8prdYck=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQI8BD3qMYB6SLGF2MpsMmcc6MyuEJV/hxYMiXv0cb/6Nk2QPmljQUFR1090VJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEo1oU2iuNKdCBvKmaRNyyynnURTLCJO29H4eua3n6g2TMl7O0loKPBQspgRbJ300Is1JugRkX654lf9OdAqCXJSgRyNfvmrN1AkFVRawrEx3cBPbJhhbRnhdFrqpYYmmIzxkHYdlVhQE2bzg6fozCkDFCvtSlo0V39PZFgYMxGR6xTYjsyyNxP/87qpja/CjMkktVSSxaI45cgqNPseDZimxPKJI5ho5m5FZIRdBtZlVHIhBMsvr5LWRTWoVWt3tUr9Jo+jCCdwCucQwCXU4RYa0AQCAp7hFd487b14797HorXg5TPH8Afe5w8HK4/s</latexit>

https://sites.icmc.usp.br/tiago/index.html/edo.html


https://sites.icmc.usp.br/tiago/index.html/edo.html

Exemplos: Circuito RLC

VR + VL + Vc = Vf (t)

<latexit sha1_base64="MOKYTfzuQtsSFgmA8Qd9oUthuzU=">AAACAXicbVDLSsNAFL2pr1pfUTeCm8EiVISSSEE3QsGFLlxUsWmhDWEynbRDJw9mJkIJdeOvuHGhiFv/wp1/4zTtQqsH5nI4517u3OMnnEllWV9GYWFxaXmluFpaW9/Y3DK3dxwZp4LQJol5LNo+lpSziDYVU5y2E0Fx6HPa8ocXE791T4VkcXSnRgl1Q9yPWMAIVlryzD3Hu0XHyPGu80rQua5BRR15ZtmqWjnQX2LPSBlmaHjmZ7cXkzSkkSIcS9mxrUS5GRaKEU7HpW4qaYLJEPdpR9MIh1S6WX7BGB1qpYeCWOgXKZSrPycyHEo5Cn3dGWI1kPPeRPzP66QqOHMzFiWpohGZLgpSjlSMJnGgHhOUKD7SBBPB9F8RGWCBidKhlXQI9vzJf4lzUrVr1dpNrVy/nMVRhH04gArYcAp1uIIGNIHAAzzBC7waj8az8Wa8T1sLxmxmF37B+PgG3XeT+g==</latexit>

Derivando

Ri0 + Li00 +
i

c
= V 0

f (t)

<latexit sha1_base64="GG8ci3y7Nsuob89h6XS8CIqqXZM=">AAACK3icbVBLSwMxGMz6rPW16tFLsAgVoexKQS9C0YMePFSxD+iuJZtm29Bkd0myQln2/3jxr3jQgw+8+j9M2/XVOhCYzHxD8o0XMSqVZb0aM7Nz8wuLuaX88srq2rq5sVmXYSwwqeGQhaLpIUkYDUhNUcVIMxIEcY+Rhtc/HfqNWyIkDYNrNYiIy1E3oD7FSGmpbZ5cQXqTOJGgnKRwH15ACr/u8Ed2fIFwQtMEp8ew/h1o+0W11zYLVskaAU4TOyMFkKHaNh+dTohjTgKFGZKyZVuRchMkFMWMpHknliRCuI+6pKVpgDiRbjLaNYW7WulAPxT6BAqO1N+JBHEpB9zTkxypnpz0huJ/XitW/pGb0CCKFQnw+CE/ZlCFcFgc7FBBsGIDTRAWVP8V4h7StShdb16XYE+uPE3qByW7XCpflguVs6yOHNgGO6AIbHAIKuAcVEENYHAHHsAzeDHujSfjzXgfj84YWWYL/IHx8QndDKbo</latexit>

https://sites.icmc.usp.br/tiago/index.html/edo.html


https://sites.icmc.usp.br/tiago/index.html/edo.html

Exemplos: Circuito RLC

Na forma geral

i00 + �i0 + !2
0i = f(t)

<latexit sha1_base64="ugnubjHRxiREm8oQXdMcnjSFITs=">AAACJXicbVBNSwMxEM36bf2qevQSLIIilN1S0INCwYMeK9gqdGuZTWfb0GR3SbJCWfpnvPhXvHhQRPDkXzFtV/DrwTCP92ZI5gWJ4Nq47rszMzs3v7C4tFxYWV1b3yhubjV1nCqGDRaLWN0EoFHwCBuGG4E3iUKQgcDrYHA29q/vUGkeR1dmmGBbQi/iIWdgrNQpnlBObzM/UVwinbYRPaR+D6QEyr+siRZL7EHHva1QfkrDfXPQKZbcsjsB/Uu8nJRIjnqn+OJ3Y5ZKjAwToHXLcxPTzkAZzgSOCn6qMQE2gB62LI1Aom5nkytHdM8qXRrGylZk6ET9vpGB1HooAzspwfT1b28s/ue1UhMetzMeJanBiE0fClNBTUzHkdEuV8iMGFoCTHH7V8r6oIAZG2zBhuD9PvkvaVbKXrVcvayWaud5HEtkh+ySfeKRI1IjF6ROGoSRe/JInsmL8+A8Oa/O23R0xsl3tskPOB+fSRGjQg==</latexit>

� =
R

L

<latexit sha1_base64="zPBHKjUe2Ur75cpKx2wFky4Tsyo=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5JIQTdCwYUuXFSxD2hCuZlO2qEzSZiZCDUEf8WNC0Xc+h/u/Bunj4W2HrhwOOde7r0nSDhT2nG+rcLS8srqWnG9tLG5tb1j7+41VZxKQhsk5rFsB6AoZxFtaKY5bSeSggg4bQXDy7HfeqBSsTi616OE+gL6EQsZAW2krn3g9UEIwBfYCyWQ7C7PbvKuXXYqzgR4kbgzUkYz1Lv2l9eLSSpopAkHpTquk2g/A6kZ4TQveamiCZAh9GnH0AgEVX42uT7Hx0bp4TCWpiKNJ+rviQyEUiMRmE4BeqDmvbH4n9dJdXjuZyxKUk0jMl0UphzrGI+jwD0mKdF8ZAgQycytmAzApKBNYCUTgjv/8iJpnlbcaqV6Wy3XrmZxFNEhOkInyEVnqIauUR01EEGP6Bm9ojfryXqx3q2PaWvBms3soz+wPn8A3wuU4Q==</latexit>

!2
0 =

1

LC

<latexit sha1_base64="ENiVrc3vmbQok/oVG3oqdbiFJTU=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyUpBd0IhS504aKCfUATy2Q6aYfOTMLMRCghuPFX3LhQxK1f4c6/cdpmoa0HLhzOuZd77wliRpV2nG+rsLK6tr5R3Cxtbe/s7tn7B20VJRKTFo5YJLsBUoRRQVqaaka6sSSIB4x0gnFj6nceiFQ0End6EhOfo6GgIcVIG6lvH3kRJ0PUd+6r8BJ6oUQ4dbP0ppH17bJTcWaAy8TNSRnkaPbtL28Q4YQToTFDSvVcJ9Z+iqSmmJGs5CWKxAiP0ZD0DBWIE+WnsxcyeGqUAQwjaUpoOFN/T6SIKzXhgenkSI/UojcV//N6iQ4v/JSKONFE4PmiMGFQR3CaBxxQSbBmE0MQltTcCvEImRi0Sa1kQnAXX14m7WrFrVVqt7Vy/SqPowiOwQk4Ay44B3VwDZqgBTB4BM/gFbxZT9aL9W59zFsLVj5zCP7A+vwBrACWWg==</latexit>

https://sites.icmc.usp.br/tiago/index.html/edo.html


Solução geral da homogênea

Considere a EDO escalar de 2º ordem

xg(t) = c1x1(t) + c2x2(t)

<latexit sha1_base64="0ImUMmvVOyGbHn93QRlAUQPfaqk=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6VQEUpSCroRCi50WcE+oA1hMp20QyeTMDORltAvcOOvuHGhiFvX7vwbJ2kW2nrgwjnn3svMPV7EqFSW9W0U1tY3NreK26Wd3b39A/PwqCPDWGDSxiELRc9DkjDKSVtRxUgvEgQFHiNdb3Kd9rsPREga8ns1i4gToBGnPsVIacs1K1M3Gc2r6gxeQezacKorVeda1bWqZ8o1y1bNygBXiZ2TMsjRcs2vwTDEcUC4wgxJ2betSDkJEopiRualQSxJhPAEjUhfU44CIp0kO2cOK9oZQj8UuriCmft7I0GBlLPA05MBUmO53EvN/3r9WPmXTkJ5FCvC8eIhP2ZQhTDNBg6pIFixmSYIC6r/CvEYCYSVTrCkQ7CXT14lnXrNbtQad41y8yaPowhOwCmoAhtcgCa4BS3QBhg8gmfwCt6MJ+PFeDc+FqMFI985Bn9gfP4A2YWYLg==</latexit>

https://sites.icmc.usp.br/tiago/index.html/edo.html

Então a solução geral tem a forma

onde são soluções LI

x

00 + ax

0 + bx = 0

<latexit sha1_base64="haQiCbUtp8m8kO+zPSIv0wromwE=">AAACEnicbVDLSgMxFL3js9bXqEs3wSIoQpmRgm6EggtdVrAPaMeSSdM2NJMZkoy0DP0GN/6KGxeKuHXlzr8x0w6irQdCTs65l5t7/IgzpR3ny1pYXFpeWc2t5dc3Nre27Z3dmgpjSWiVhDyUDR8rypmgVc00p41IUhz4nNb9wWXq1++pVCwUt3oUUS/APcG6jGBtpLZ9PLxLWpFkAUXTa4xOEEY/avr0h+gCOW274BSdCdA8cTNSgAyVtv3Z6oQkDqjQhGOlmq4TaS/BUjPC6TjfihWNMBngHm0aKnBAlZdMVhqjQ6N0UDeU5giNJurvjgQHSo0C31QGWPfVrJeK/3nNWHfPvYSJKNZUkOmgbsyRDlGaD+owSYnmI0Mwkcz8FZE+lphok2LehODOrjxPaqdFt1Qs3ZQK5assjhzswwEcgQtnUIZrqEAVCDzAE7zAq/VoPVtv1vu0dMHKevbgD6yPb+p/nFY=</latexit>

x1

<latexit sha1_base64="kW8I3XH4pvrNQul5h0V5LMjpAEc=">AAAB63icbVBNSwMxEJ34WetX1aOXYBE8lV0p6LHgQY8V7Ae0S8mm2TY0yS5JVixL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31vO+0dr6xubWdmmnvLu3f3BYOTpumzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNObnK/88i04bF6sNOEBZKMFI84JTaXngY+HlSqXs2bA68SvyBVKNAcVL76w5imkilLBTGm53uJDTKiLaeCzcr91LCE0AkZsZ6jikhmgmx+6wyfO2WIo1i7UhbP1d8TGZHGTGXoOiWxY7Ps5eJ/Xi+10XWQcZWklim6WBSlAtsY54/jIdeMWjF1hFDN3a2Yjokm1Lp4yi4Ef/nlVdK+rPn1Wv2+Xm3cFnGU4BTO4AJ8uIIG3EETWkBhDM/wCm9Iohf0jj4WrWuomDmBP0CfP2XnjdY=</latexit>

x2

<latexit sha1_base64="9FRSg2ZZ+nyZx/mKmPKmcFJfOds=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lKQY8FD3qsYD+gDWWz3bRLdzdhdyOW0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1Pa2Nza3invVvb2Dw6P3OOTjo5TRWibxDxWvRBrypmkbcMMp71EUSxCTrvh9Cb3u49UaRbLBzNLaCDwWLKIEWxy6WlYR0O36tW8BdA68QtShQKtofs1GMUkFVQawrHWfd9LTJBhZRjhdF4ZpJommEzxmPYtlVhQHWSLW+fowiojFMXKljRoof6eyLDQeiZC2ymwmehVLxf/8/qpia6DjMkkNVSS5aIo5cjEKH8cjZiixPCZJZgoZm9FZIIVJsbGU7Eh+Ksvr5NOveY3ao37RrV5W8RRhjM4h0vw4QqacActaAOBCTzDK7w5wnlx3p2PZWvJKWZO4Q+czx9nbI3X</latexit>

e

https://sites.icmc.usp.br/tiago/index.html/edo.html


Solução geral da homogênea

https://sites.icmc.usp.br/tiago/index.html/edo.html

são soluções LI
x1

<latexit sha1_base64="kW8I3XH4pvrNQul5h0V5LMjpAEc=">AAAB63icbVBNSwMxEJ34WetX1aOXYBE8lV0p6LHgQY8V7Ae0S8mm2TY0yS5JVixL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31vO+0dr6xubWdmmnvLu3f3BYOTpumzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNObnK/88i04bF6sNOEBZKMFI84JTaXngY+HlSqXs2bA68SvyBVKNAcVL76w5imkilLBTGm53uJDTKiLaeCzcr91LCE0AkZsZ6jikhmgmx+6wyfO2WIo1i7UhbP1d8TGZHGTGXoOiWxY7Ps5eJ/Xi+10XWQcZWklim6WBSlAtsY54/jIdeMWjF1hFDN3a2Yjokm1Lp4yi4Ef/nlVdK+rPn1Wv2+Xm3cFnGU4BTO4AJ8uIIG3EETWkBhDM/wCm9Iohf0jj4WrWuomDmBP0CfP2XnjdY=</latexit>

x2

<latexit sha1_base64="9FRSg2ZZ+nyZx/mKmPKmcFJfOds=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lKQY8FD3qsYD+gDWWz3bRLdzdhdyOW0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1Pa2Nza3invVvb2Dw6P3OOTjo5TRWibxDxWvRBrypmkbcMMp71EUSxCTrvh9Cb3u49UaRbLBzNLaCDwWLKIEWxy6WlYR0O36tW8BdA68QtShQKtofs1GMUkFVQawrHWfd9LTJBhZRjhdF4ZpJommEzxmPYtlVhQHWSLW+fowiojFMXKljRoof6eyLDQeiZC2ymwmehVLxf/8/qpia6DjMkkNVSS5aIo5cjEKH8cjZiixPCZJZgoZm9FZIIVJsbGU7Eh+Ksvr5NOveY3ao37RrV5W8RRhjM4h0vw4QqacActaAOBCTzDK7w5wnlx3p2PZWvJKWZO4Q+czx9nbI3X</latexit>

e

↵x1(t) + �x2(t) = 0

<latexit sha1_base64="2+aD4W6TXvBz9Tg7Qcay099lR60=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0WoCCUpBd0IBRe6rGAf0IQwmU7aoZMHMzdiKV278VfcuFDErV/gzr9x0mah1QMD555zL3fu8RPBFVjWl1FYWl5ZXSuulzY2t7Z3zN29topTSVmLxiKWXZ8oJnjEWsBBsG4iGQl9wTr+6DLzO3dMKh5HtzBOmBuSQcQDTgloyTMPHSKSIcH3nl2BE3yKHZ9BVtay8gJb2DPLVtWaAf8ldk7KKEfTMz+dfkzTkEVABVGqZ1sJuBMigVPBpiUnVSwhdEQGrKdpREKm3MnslCk+1kofB7HULwI8U39OTEio1Dj0dWdIYKgWvUz8z+ulEJy7Ex4lKbCIzhcFqcAQ4ywX3OeSURBjTQiVXP8V0yGRhIJOr6RDsBdP/kvatapdr9Zv6uXGVR5HER2gI1RBNjpDDXSNmqiFKHpAT+gFvRqPxrPxZrzPWwtGPrOPfsH4+AY/mZdu</latexit>

↵ = � = 0

<latexit sha1_base64="2hQTbmq/G0pzjFtYa+16ESccLcQ=">AAAB/HicbVDLSsNAFL3xWesr2qWbwSK4KokUdCMUXOiygn1AE8pkOmmHTiZhZiKEUH/FjQtF3Poh7vwbJ20W2nrgcg/n3MvcOUHCmdKO822trW9sbm1Xdqq7e/sHh/bRcVfFqSS0Q2Iey36AFeVM0I5mmtN+IimOAk57wfSm8HuPVCoWiwedJdSP8FiwkBGsjTS0ax7myQSja+QFVBfdQUO77jScOdAqcUtShxLtof3ljWKSRlRowrFSA9dJtJ9jqRnhdFb1UkUTTKZ4TAeGChxR5efz42fozCgjFMbSlNBorv7eyHGkVBYFZjLCeqKWvUL8zxukOrzycyaSVFNBFg+FKUc6RkUSaMQkJZpnhmAimbkVkQmWmGiTV9WE4C5/eZV0Lxpus9G8b9Zbt2UcFTiBUzgHFy6hBXfQhg4QyOAZXuHNerJerHfrYzG6ZpU7NfgD6/MHDFeTGQ==</latexit>

implica

https://sites.icmc.usp.br/tiago/index.html/edo.html


Funções linearmente independentes

https://sites.icmc.usp.br/tiago/index.html/edo.html

x1(t) = e

rt

<latexit sha1_base64="gTjnoWxr12pqFbdp9NbloNsIMFg=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCvZRECnoRCh70WMF+QBvDZrttl242YXeiltif4sWDIl79Jd78N27bHLT1wcDjvRlm5gWx4Boc59vKrayurW/kNwtb2zu7e3Zxv6mjRFHWoJGIVDsgmgkuWQM4CNaOFSNhIFgrGF1O/dY9U5pH8hbGMfNCMpC8zykBI/l28dF3cRlO8AVmd6nCMPHtklNxZsDLxM1ICWWo+/ZXtxfRJGQSqCBad1wnBi8lCjgVbFLoJprFhI7IgHUMlSRk2ktnp0/wsVF6uB8pUxLwTP09kZJQ63EYmM6QwFAvelPxP6+TQP/cS7mME2CSzhf1E4EhwtMccI8rRkGMDSFUcXMrpkOiCAWTVsGE4C6+vEyapxW3WqneVEu1qyyOPDpER6iMXHSGauga1VEDUfSAntErerOerBfr3fqYt+asbOYA/YH1+QP27JKM</latexit>

x2(t) = e

st

<latexit sha1_base64="333o4/k5Z44AlLlPmbYVReEX+70=">AAAB+nicbVBNS8NAEN34WetXqkcvi0Wol5KUgl6Eggc9VrAf0Maw2W7bpZtN2J2oJfanePGgiFd/iTf/jds2B219MPB4b4aZeUEsuAbH+bZWVtfWNzZzW/ntnd29fbtw0NRRoihr0EhEqh0QzQSXrAEcBGvHipEwEKwVjC6nfuueKc0jeQvjmHkhGUje55SAkXy78OhXcAlO8QVmd6nGMPHtolN2ZsDLxM1IEWWo+/ZXtxfRJGQSqCBad1wnBi8lCjgVbJLvJprFhI7IgHUMlSRk2ktnp0/wiVF6uB8pUxLwTP09kZJQ63EYmM6QwFAvelPxP6+TQP/cS7mME2CSzhf1E4EhwtMccI8rRkGMDSFUcXMrpkOiCAWTVt6E4C6+vEyalbJbLVdvqsXaVRZHDh2hY1RCLjpDNXSN6qiBKHpAz+gVvVlP1ov1bn3MW1esbOYQ/YH1+QP6BZKO</latexit>

As funções

e

com r 6= s

<latexit sha1_base64="xlx8bpK8U/iw8p406MotQaQtKCc=">AAAB8HicbVDLSgNBEJyNrxhfUY9eBoPgKexKQC9CwIMeI5iHJEuYncwmQ+axzPQKYclXePGgiFc/x5t/4yTZgyYWNBRV3XR3RYngFnz/2yusrW9sbhW3Szu7e/sH5cOjltWpoaxJtdCmExHLBFesCRwE6ySGERkJ1o7GNzO//cSM5Vo9wCRhoSRDxWNOCTjp0eCe0nCNbb9c8av+HHiVBDmpoByNfvmrN9A0lUwBFcTabuAnEGbEAKeCTUu91LKE0DEZsq6jikhmw2x+8BSfOWWAY21cKcBz9fdERqS1Exm5TklgZJe9mfif100hvgozrpIUmKKLRXEqMGg8+x4PuGEUxMQRQg13t2I6IoZQcBmVXAjB8surpHVRDWrV2n2tUr/N4yiiE3SKzlGALlEd3aEGaiKKJHpGr+jNM96L9+59LFoLXj5zjP7A+/wBCv6P7w==</latexit>

são LI

https://sites.icmc.usp.br/tiago/index.html/edo.html


Funções linearmente independentes

https://sites.icmc.usp.br/tiago/index.html/edo.html

x1(t) = e

rt

<latexit sha1_base64="gTjnoWxr12pqFbdp9NbloNsIMFg=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCvZRECnoRCh70WMF+QBvDZrttl242YXeiltif4sWDIl79Jd78N27bHLT1wcDjvRlm5gWx4Boc59vKrayurW/kNwtb2zu7e3Zxv6mjRFHWoJGIVDsgmgkuWQM4CNaOFSNhIFgrGF1O/dY9U5pH8hbGMfNCMpC8zykBI/l28dF3cRlO8AVmd6nCMPHtklNxZsDLxM1ICWWo+/ZXtxfRJGQSqCBad1wnBi8lCjgVbFLoJprFhI7IgHUMlSRk2ktnp0/wsVF6uB8pUxLwTP09kZJQ63EYmM6QwFAvelPxP6+TQP/cS7mME2CSzhf1E4EhwtMccI8rRkGMDSFUcXMrpkOiCAWTVsGE4C6+vEyapxW3WqneVEu1qyyOPDpER6iMXHSGauga1VEDUfSAntErerOerBfr3fqYt+asbOYA/YH1+QP27JKM</latexit>

x2(t) = e

st

<latexit sha1_base64="333o4/k5Z44AlLlPmbYVReEX+70=">AAAB+nicbVBNS8NAEN34WetXqkcvi0Wol5KUgl6Eggc9VrAf0Maw2W7bpZtN2J2oJfanePGgiFd/iTf/jds2B219MPB4b4aZeUEsuAbH+bZWVtfWNzZzW/ntnd29fbtw0NRRoihr0EhEqh0QzQSXrAEcBGvHipEwEKwVjC6nfuueKc0jeQvjmHkhGUje55SAkXy78OhXcAlO8QVmd6nGMPHtolN2ZsDLxM1IEWWo+/ZXtxfRJGQSqCBad1wnBi8lCjgVbJLvJprFhI7IgHUMlSRk2ktnp0/wiVF6uB8pUxLwTP09kZJQ63EYmM6QwFAvelPxP6+TQP/cS7mME2CSzhf1E4EhwtMccI8rRkGMDSFUcXMrpkOiCAWTVt6E4C6+vEyalbJbLVdvqsXaVRZHDh2hY1RCLjpDNXSN6qiBKHpAz+gVvVlP1ov1bn3MW1esbOYQ/YH1+QP6BZKO</latexit>

As funções

e

com r 6= s

<latexit sha1_base64="xlx8bpK8U/iw8p406MotQaQtKCc=">AAAB8HicbVDLSgNBEJyNrxhfUY9eBoPgKexKQC9CwIMeI5iHJEuYncwmQ+axzPQKYclXePGgiFc/x5t/4yTZgyYWNBRV3XR3RYngFnz/2yusrW9sbhW3Szu7e/sH5cOjltWpoaxJtdCmExHLBFesCRwE6ySGERkJ1o7GNzO//cSM5Vo9wCRhoSRDxWNOCTjp0eCe0nCNbb9c8av+HHiVBDmpoByNfvmrN9A0lUwBFcTabuAnEGbEAKeCTUu91LKE0DEZsq6jikhmw2x+8BSfOWWAY21cKcBz9fdERqS1Exm5TklgZJe9mfif100hvgozrpIUmKKLRXEqMGg8+x4PuGEUxMQRQg13t2I6IoZQcBmVXAjB8surpHVRDWrV2n2tUr/N4yiiE3SKzlGALlEd3aEGaiKKJHpGr+jNM96L9+59LFoLXj5zjP7A+/wBCv6P7w==</latexit>

são LI

↵ert + �est = 0

<latexit sha1_base64="qDsQ6DhGyRLdGRr76P2gfTmAmSg=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAEIdxJQBshYKFlBPMBuRj2NpNkyd7esTsnhCOtjX/FxkIRW/+Bnf/GTXKFJj5YePPeDLPzglgKg6777Swtr6yurec28ptb2zu7hb39uokSzaHGIxnpZsAMSKGghgIlNGMNLAwkNILh1cRvPIA2IlJ3OIqhHbK+Ej3BGVqpU6A+k/GAUbhPNY7pKfUDwGlpbHlJ3U6h6JbcKegi8TJSJBmqncKX3414EoJCLpkxLc+NsZ0yjYJLGOf9xEDM+JD1oWWpYiGYdjq9ZEyPrdKlvUjbp5BO1d8TKQuNGYWB7QwZDsy8NxH/81oJ9i7aqVBxgqD4bFEvkRQjOomFdoUGjnJkCeNa2L9SPmCacbTh5W0I3vzJi6R+VvLKpfJtuVi5zuLIkUNyRE6IR85JhdyQKqkRTh7JM3klb86T8+K8Ox+z1iUnmzkgf+B8/gB4cpjs</latexit>

Prova

https://sites.icmc.usp.br/tiago/index.html/edo.html


Funções linearmente independentes

https://sites.icmc.usp.br/tiago/index.html/edo.html

x1(t) = e

rt

<latexit sha1_base64="gTjnoWxr12pqFbdp9NbloNsIMFg=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCvZRECnoRCh70WMF+QBvDZrttl242YXeiltif4sWDIl79Jd78N27bHLT1wcDjvRlm5gWx4Boc59vKrayurW/kNwtb2zu7e3Zxv6mjRFHWoJGIVDsgmgkuWQM4CNaOFSNhIFgrGF1O/dY9U5pH8hbGMfNCMpC8zykBI/l28dF3cRlO8AVmd6nCMPHtklNxZsDLxM1ICWWo+/ZXtxfRJGQSqCBad1wnBi8lCjgVbFLoJprFhI7IgHUMlSRk2ktnp0/wsVF6uB8pUxLwTP09kZJQ63EYmM6QwFAvelPxP6+TQP/cS7mME2CSzhf1E4EhwtMccI8rRkGMDSFUcXMrpkOiCAWTVsGE4C6+vEyapxW3WqneVEu1qyyOPDpER6iMXHSGauga1VEDUfSAntErerOerBfr3fqYt+asbOYA/YH1+QP27JKM</latexit>

x2(t) = e

st

<latexit sha1_base64="333o4/k5Z44AlLlPmbYVReEX+70=">AAAB+nicbVBNS8NAEN34WetXqkcvi0Wol5KUgl6Eggc9VrAf0Maw2W7bpZtN2J2oJfanePGgiFd/iTf/jds2B219MPB4b4aZeUEsuAbH+bZWVtfWNzZzW/ntnd29fbtw0NRRoihr0EhEqh0QzQSXrAEcBGvHipEwEKwVjC6nfuueKc0jeQvjmHkhGUje55SAkXy78OhXcAlO8QVmd6nGMPHtolN2ZsDLxM1IEWWo+/ZXtxfRJGQSqCBad1wnBi8lCjgVbJLvJprFhI7IgHUMlSRk2ktnp0/wiVF6uB8pUxLwTP09kZJQ63EYmM6QwFAvelPxP6+TQP/cS7mME2CSzhf1E4EhwtMccI8rRkGMDSFUcXMrpkOiCAWTVt6E4C6+vEyalbJbLVdvqsXaVRZHDh2hY1RCLjpDNXSN6qiBKHpAz+gVvVlP1ov1bn3MW1esbOYQ/YH1+QP6BZKO</latexit>

As funções

e

com r 6= s

<latexit sha1_base64="xlx8bpK8U/iw8p406MotQaQtKCc=">AAAB8HicbVDLSgNBEJyNrxhfUY9eBoPgKexKQC9CwIMeI5iHJEuYncwmQ+axzPQKYclXePGgiFc/x5t/4yTZgyYWNBRV3XR3RYngFnz/2yusrW9sbhW3Szu7e/sH5cOjltWpoaxJtdCmExHLBFesCRwE6ySGERkJ1o7GNzO//cSM5Vo9wCRhoSRDxWNOCTjp0eCe0nCNbb9c8av+HHiVBDmpoByNfvmrN9A0lUwBFcTabuAnEGbEAKeCTUu91LKE0DEZsq6jikhmw2x+8BSfOWWAY21cKcBz9fdERqS1Exm5TklgZJe9mfif100hvgozrpIUmKKLRXEqMGg8+x4PuGEUxMQRQg13t2I6IoZQcBmVXAjB8surpHVRDWrV2n2tUr/N4yiiE3SKzlGALlEd3aEGaiKKJHpGr+jNM96L9+59LFoLXj5zjP7A+/wBCv6P7w==</latexit>

são LI

↵ert + �est = 0

<latexit sha1_base64="qDsQ6DhGyRLdGRr76P2gfTmAmSg=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAEIdxJQBshYKFlBPMBuRj2NpNkyd7esTsnhCOtjX/FxkIRW/+Bnf/GTXKFJj5YePPeDLPzglgKg6777Swtr6yurec28ptb2zu7hb39uokSzaHGIxnpZsAMSKGghgIlNGMNLAwkNILh1cRvPIA2IlJ3OIqhHbK+Ej3BGVqpU6A+k/GAUbhPNY7pKfUDwGlpbHlJ3U6h6JbcKegi8TJSJBmqncKX3414EoJCLpkxLc+NsZ0yjYJLGOf9xEDM+JD1oWWpYiGYdjq9ZEyPrdKlvUjbp5BO1d8TKQuNGYWB7QwZDsy8NxH/81oJ9i7aqVBxgqD4bFEvkRQjOomFdoUGjnJkCeNa2L9SPmCacbTh5W0I3vzJi6R+VvLKpfJtuVi5zuLIkUNyRE6IR85JhdyQKqkRTh7JM3klb86T8+K8Ox+z1iUnmzkgf+B8/gB4cpjs</latexit>

↵rert + �sest = 0

<latexit sha1_base64="BLG0LuxINNQbfgL9lHkZ4txew6U=">AAACDXicbZA9SwNBEIb3/Izx69TSZjEKghDuJKCNELDQUsFoIBfD3GaSLO59sDsnhCN/wMa/YmOhiK29nf/GvZjCrxcWXp6ZYXbeMFXSkOd9OFPTM7Nz86WF8uLS8sqqu7Z+aZJMC2yIRCW6GYJBJWNskCSFzVQjRKHCq/DmuKhf3aI2MokvaJhiO4J+LHtSAFnUcbcDUOkAuOZ4nWsa8T0ehEjATQGMBUfc67gVr+qNxf8af2IqbKKzjvsedBORRRiTUGBMy/dSauegSQqFo3KQGUxB3EAfW9bGEKFp5+NrRnzHki7vJdq+mPiYfp/IITJmGIW2MwIamN+1Av5Xa2XUO2znMk4zwlh8LeplilPCi2h4V2oUpIbWgNDS/pWLAWgQZAMs2xD83yf/NZf7Vb9WrZ3XKvWTSRwltsm22C7z2QGrs1N2xhpMsDv2wJ7Ys3PvPDovzutX65QzmdlgP+S8fQL0DZo5</latexit>

Prova

(derivando)

https://sites.icmc.usp.br/tiago/index.html/edo.html


Funções linearmente independentes

https://sites.icmc.usp.br/tiago/index.html/edo.html

↵ert + �est = 0

<latexit sha1_base64="qDsQ6DhGyRLdGRr76P2gfTmAmSg=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAEIdxJQBshYKFlBPMBuRj2NpNkyd7esTsnhCOtjX/FxkIRW/+Bnf/GTXKFJj5YePPeDLPzglgKg6777Swtr6yurec28ptb2zu7hb39uokSzaHGIxnpZsAMSKGghgIlNGMNLAwkNILh1cRvPIA2IlJ3OIqhHbK+Ej3BGVqpU6A+k/GAUbhPNY7pKfUDwGlpbHlJ3U6h6JbcKegi8TJSJBmqncKX3414EoJCLpkxLc+NsZ0yjYJLGOf9xEDM+JD1oWWpYiGYdjq9ZEyPrdKlvUjbp5BO1d8TKQuNGYWB7QwZDsy8NxH/81oJ9i7aqVBxgqD4bFEvkRQjOomFdoUGjnJkCeNa2L9SPmCacbTh5W0I3vzJi6R+VvLKpfJtuVi5zuLIkUNyRE6IR85JhdyQKqkRTh7JM3klb86T8+K8Ox+z1iUnmzkgf+B8/gB4cpjs</latexit>

↵rert + �sest = 0

<latexit sha1_base64="BLG0LuxINNQbfgL9lHkZ4txew6U=">AAACDXicbZA9SwNBEIb3/Izx69TSZjEKghDuJKCNELDQUsFoIBfD3GaSLO59sDsnhCN/wMa/YmOhiK29nf/GvZjCrxcWXp6ZYXbeMFXSkOd9OFPTM7Nz86WF8uLS8sqqu7Z+aZJMC2yIRCW6GYJBJWNskCSFzVQjRKHCq/DmuKhf3aI2MokvaJhiO4J+LHtSAFnUcbcDUOkAuOZ4nWsa8T0ehEjATQGMBUfc67gVr+qNxf8af2IqbKKzjvsedBORRRiTUGBMy/dSauegSQqFo3KQGUxB3EAfW9bGEKFp5+NrRnzHki7vJdq+mPiYfp/IITJmGIW2MwIamN+1Av5Xa2XUO2znMk4zwlh8LeplilPCi2h4V2oUpIbWgNDS/pWLAWgQZAMs2xD83yf/NZf7Vb9WrZ3XKvWTSRwltsm22C7z2QGrs1N2xhpMsDv2wJ7Ys3PvPDovzutX65QzmdlgP+S8fQL0DZo5</latexit>

✓
ert est

rert sest

◆✓
↵
�

◆
=

✓
0
0

◆

<latexit sha1_base64="zS+00aByXS+v3kr0lD17xcgBSNk="></latexit>

Em forma matricial

Determinante não nulo

https://sites.icmc.usp.br/tiago/index.html/edo.html


Funções linearmente independentes

https://sites.icmc.usp.br/tiago/index.html/edo.html

����
ert est

rert sest

���� = (r � s)e(r+s)t

<latexit sha1_base64="BlL/NPc6Uika9qOeRri2zADnBts="></latexit>

Portanto 
✓

↵
�

◆
=

✓
0
0

◆

<latexit sha1_base64="GoGEzknOfINDgxAGE8iXNQGy4hs="></latexit>

https://sites.icmc.usp.br/tiago/index.html/edo.html


Equação característica

x(t) = e

�t

<latexit sha1_base64="ZzuHdhorsvSao0hPd7ur3QXXJos=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyxC3ZQZKehGKLjQZQX7gHYsmUymDc1khuSOWIfir7hxoYhb/8Odf2P6WGjrgcDhnHu4N8dPBNfgON9Wbml5ZXUtv17Y2Nza3rF39xo6ThVldRqLWLV8opngktWBg2CtRDES+YI1/cHl2G/eM6V5LG9hmDAvIj3JQ04JGKlrHzyU4ARfYHaXdYSJBQTDqGsXnbIzAV4k7owU0Qy1rv3VCWKaRkwCFUTrtusk4GVEAaeCjQqdVLOE0AHpsbahkkRMe9nk+hE+NkqAw1iZJwFP1N+JjERaDyPfTEYE+nreG4v/ee0UwnMv4zJJgUk6XRSmAkOMx1XggCtGQQwNIVRxcyumfaIIBVNYwZTgzn95kTROy26lXLmpFKtXszry6BAdoRJy0RmqomtUQ3VE0SN6Rq/ozXqyXqx362M6mrNmmX30B9bnD+sVlEU=</latexit>

https://sites.icmc.usp.br/tiago/index.html/edo.html

Chutamos solução

E substituímos na EDO

x

00 + ax

0 + bx = 0

<latexit sha1_base64="haQiCbUtp8m8kO+zPSIv0wromwE=">AAACEnicbVDLSgMxFL3js9bXqEs3wSIoQpmRgm6EggtdVrAPaMeSSdM2NJMZkoy0DP0GN/6KGxeKuHXlzr8x0w6irQdCTs65l5t7/IgzpR3ny1pYXFpeWc2t5dc3Nre27Z3dmgpjSWiVhDyUDR8rypmgVc00p41IUhz4nNb9wWXq1++pVCwUt3oUUS/APcG6jGBtpLZ9PLxLWpFkAUXTa4xOEEY/avr0h+gCOW274BSdCdA8cTNSgAyVtv3Z6oQkDqjQhGOlmq4TaS/BUjPC6TjfihWNMBngHm0aKnBAlZdMVhqjQ6N0UDeU5giNJurvjgQHSo0C31QGWPfVrJeK/3nNWHfPvYSJKNZUkOmgbsyRDlGaD+owSYnmI0Mwkcz8FZE+lphok2LehODOrjxPaqdFt1Qs3ZQK5assjhzswwEcgQtnUIZrqEAVCDzAE7zAq/VoPVtv1vu0dMHKevbgD6yPb+p/nFY=</latexit>

obtendo
�2e�t + a�e�t + be�t = 0

<latexit sha1_base64="oEiffZksVQ3BfI8jIwl9GoybvgI=">AAACMHicbVDLSsNAFJ3UV62vqEs3g0UQhJKUgm6Egou6rGBboU3LZHLTDp08mJkIJfST3PgpulFQxK1f4bSNoKkHBs49517u3OPGnEllWa9GYWV1bX2juFna2t7Z3TP3D9oySgSFFo14JO5cIoGzEFqKKQ53sQASuBw67vhq5nfuQUgWhbdqEoMTkGHIfEaJ0tLAbPS4bvZIv4qhn2YFVlN8hgn+KfOOm1MusTUwy1bFmgMvEzsjZZShOTCfel5EkwBCRTmRsmtbsXJSIhSjHKalXiIhJnRMhtDVNCQBSCedHzzFJ1rxsB8J/UKF5+rviZQEUk4CV3cGRI1k3puJ/3ndRPkXTsrCOFEQ0sUiP+FYRXiWHvaYAKr4RBNCBdN/xXREBKFKZ1zSIdj5k5dJu1qxa5XaTa1cb2RxFNEROkanyEbnqI6uURO1EEUP6Bm9oXfj0XgxPozPRWvByGYO0R8YX9+LS6dx</latexit>

https://sites.icmc.usp.br/tiago/index.html/edo.html


Equação característica

Obtemos uma uma equação

�2 + a�+ b = 0

<latexit sha1_base64="2huVTfMAO7R6nm6lodW0LvEXAwM=">AAACA3icbVDLSgMxFM34rPU16k43wSIIQpkpBd0IBRe6rGAf0I7lTibThmYyQ5IRylBw46+4caGIW3/CnX9j2s5CWw8ETs45l+QeP+FMacf5tpaWV1bX1gsbxc2t7Z1de2+/qeJUEtogMY9l2wdFORO0oZnmtJ1ICpHPacsfXk381gOVisXiTo8S6kXQFyxkBLSRevZhl5twAPcVfIYhvxjqXzo9u+SUnSnwInFzUkI56j37qxvEJI2o0ISDUh3XSbSXgdSMcDoudlNFEyBD6NOOoQIiqrxsusMYnxglwGEszREaT9XfExlESo0i3yQj0AM1703E/7xOqsMLL2MiSTUVZPZQmHKsYzwpBAdMUqL5yBAgkpm/YjIACUSb2oqmBHd+5UXSrJTdarl6Wy3VrvM6CugIHaNT5KJzVEM3qI4aiKBH9Ixe0Zv1ZL1Y79bHLLpk5TMH6A+szx/vppXL</latexit>

�1 6= �2

<latexit sha1_base64="U/ZpuyYtWaBDIIQzJfwerxWwQSs=">AAACA3icbVDLSgMxFM3UV62vUXe6CRbBVZkpBd0IBRe6rGAf0BmGTCbThmaSIckIZSi48VfcuFDErT/hzr8xbUfQ1gOBwznncnNPmDKqtON8WaWV1bX1jfJmZWt7Z3fP3j/oKJFJTNpYMCF7IVKEUU7ammpGeqkkKAkZ6Yajq6nfvSdSUcHv9DglfoIGnMYUI22kwD7ymAlHKHChx4WGl/BHqAd21ak5M8Bl4hakCgq0AvvTiwTOEsI1Zkipvuuk2s+R1BQzMql4mSIpwiM0IH1DOUqI8vPZDRN4apQIxkKaxzWcqb8ncpQoNU5Ck0yQHqpFbyr+5/UzHV/4OeVppgnH80VxxqAWcFoIjKgkWLOxIQhLav4K8RBJhLWprWJKcBdPXiades1t1Bq3jWrzuqijDI7BCTgDLjgHTXADWqANMHgAT+AFvFqP1rP1Zr3PoyWrmDkEf2B9fAM3gpag</latexit>

https://sites.icmc.usp.br/tiago/index.html/edo.html

Se as raízes são distintas

A solução geral é a forma

xg(t) = c1e
�1t + c2e

�2t

<latexit sha1_base64="wEH/R9e/GZ1cmOim55KiCbklysA=">AAACG3icbZDLSgMxFIYz9VbrbdSlm2ARKkKZGQq6EQoudFnBXqAdh0yatqGZC8kZsQx9Dze+ihsXirgSXPg2pu0sauuBwJ/vnJ/k/H4suALL+jFyK6tr6xv5zcLW9s7unrl/0FBRIimr00hEsuUTxQQPWR04CNaKJSOBL1jTH15N+s0HJhWPwjsYxcwNSD/kPU4JaOSZzqPXL8EpvsTUszG7TztCm7tEX2CMzzR15qmjqWcWrbI1Lbws7EwUUVY1z/zqdCOaBCwEKohSbduKwU2JBE4FGxc6iWIxoUPSZ20tQxIw5abT3cb4RJMu7kVSnxDwlM47UhIoNQp8PRkQGKjF3gT+12sn0LtwUx7GCbCQzh7qJQJDhCdB4S6XjIIYaUGo5PqvmA6IJBR0nAUdgr248rJoOGW7Uq7cVorV6yyOPDpCx6iEbHSOqugG1VAdUfSEXtAbejeejVfjw/icjeaMzHOI/pTx/QsAvJ72</latexit>

https://sites.icmc.usp.br/tiago/index.html/edo.html


Exemplo 1

Encontre a solução geral da EDO

https://sites.icmc.usp.br/tiago/index.html/edo.html

x

00 + 5x0 + 6x = 0

<latexit sha1_base64="6nrn4svAvvYkGEC0TvvjUl056QA=">AAACD3icbVDLSgMxFM34rPU16tJNsCiCUGakPjZCwYUuK9gHtGPJpJk2NMkMSUZahv6BG3/FjQtF3Lp159+YaQfR1gMhJ+fcy809fsSo0o7zZc3NLywuLedW8qtr6xub9tZ2TYWxxKSKQxbKho8UYVSQqqaakUYkCeI+I3W/f5n69XsiFQ3FrR5GxOOoK2hAMdJGatsHg7ukFUnKCZxcI3gET37E9HU6uHDadsEpOmPAWeJmpAAyVNr2Z6sT4pgToTFDSjVdJ9JegqSmmJFRvhUrEiHcR13SNFQgTpSXjPcZwX2jdGAQSnOEhmP1d0eCuFJD7ptKjnRPTXup+J/XjHVw7iVURLEmAk8GBTGDOoRpOLBDJcGaDQ1BWFLzV4h7SCKsTYR5E4I7vfIsqR0X3VKxdFMqlK+yOHJgF+yBQ+CCM1AG16ACqgCDB/AEXsCr9Wg9W2/W+6R0zsp6dsAfWB/fOvqbgA==</latexit>

A característica é 

�2 + 5�+ 6 = 0

<latexit sha1_base64="O5kTH4iiCQaXUx9l+N+MA4MFURg=">AAACA3icbVDLSgMxFL3js9bXqDvdBIsgCGWm1MdGKLjQZQX7gHYsmUymDc1khiQjlFJw46+4caGIW3/CnX9j2s5CWw8ETs45l+QeP+FMacf5thYWl5ZXVnNr+fWNza1te2e3ruJUElojMY9l08eKciZoTTPNaTORFEc+pw2/fzX2Gw9UKhaLOz1IqBfhrmAhI1gbqWPvt7kJB/i+hE7QaXYx9OzS6dgFp+hMgOaJm5ECZKh27K92EJM0okITjpVquU6ivSGWmhFOR/l2qmiCSR93actQgSOqvOFkhxE6MkqAwliaIzSaqL8nhjhSahD5Jhlh3VOz3lj8z2ulOrzwhkwkqaaCTB8KU450jMaFoIBJSjQfGIKJZOaviPSwxESb2vKmBHd25XlSLxXdcrF8Wy5UrrM6cnAAh3AMLpxDBW6gCjUg8AjP8Apv1pP1Yr1bH9PogpXN7MEfWJ8/Z7KVcw==</latexit>

�1 = �2

<latexit sha1_base64="MlX/oEA8wo0QyCcZre38PaXn3Ks=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgxpKUgm6EggtdVrAPaEOYTCbt0MkkzEyEGvolblwo4tZPceffOG2z0NYDA4dzzuXeOUHKmdKO822trW9sbm2Xdsq7e/sHFfvwqKOSTBLaJglPZC/AinImaFszzWkvlRTHAafdYHwz87uPVCqWiAc9SakX46FgESNYG8m3KwNuwiH2XXSNLurIt6tOzZkDrRK3IFUo0PLtr0GYkCymQhOOleq7Tqq9HEvNCKfT8iBTNMVkjIe0b6jAMVVePj98is6MEqIokeYJjebq74kcx0pN4sAkY6xHatmbif95/UxHV17ORJppKshiUZRxpBM0awGFTFKi+cQQTCQztyIywhITbboqmxLc5S+vkk695jZqjftGtXlb1FGCEziFc3DhEppwBy1oA4EMnuEV3qwn68V6tz4W0TWrmDmGP7A+fwBUjJGW</latexit>

�2 = �3

<latexit sha1_base64="NVgr7Y30iivBKtpTWSphGQLUa/8=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEN5akFnQjFFzosoJ9QBvCZDJph04mYWYi1NIvceNCEbd+ijv/xmmbhbYeGDiccy73zglSzpR2nG+rsLa+sblV3C7t7O7tl+2Dw7ZKMkloiyQ8kd0AK8qZoC3NNKfdVFIcB5x2gtHNzO88UqlYIh70OKVejAeCRYxgbSTfLve5CYfYr6FrdH6BfLviVJ050Cpxc1KBHE3f/uqHCcliKjThWKme66Tam2CpGeF0WupniqaYjPCA9gwVOKbKm8wPn6JTo4QoSqR5QqO5+ntigmOlxnFgkjHWQ7XszcT/vF6moytvwkSaaSrIYlGUcaQTNGsBhUxSovnYEEwkM7ciMsQSE226KpkS3OUvr5J2rerWq/X7eqVxm9dRhGM4gTNw4RIacAdNaAGBDJ7hFd6sJ+vFerc+FtGClc8cwR9Ynz9Xm5GY</latexit>

raízes são

https://sites.icmc.usp.br/tiago/index.html/edo.html


Exemplo 1

Encontre a solução geral da EDO

https://sites.icmc.usp.br/tiago/index.html/edo.html

x

00 + 5x0 + 6x = 0

<latexit sha1_base64="6nrn4svAvvYkGEC0TvvjUl056QA=">AAACD3icbVDLSgMxFM34rPU16tJNsCiCUGakPjZCwYUuK9gHtGPJpJk2NMkMSUZahv6BG3/FjQtF3Lp159+YaQfR1gMhJ+fcy809fsSo0o7zZc3NLywuLedW8qtr6xub9tZ2TYWxxKSKQxbKho8UYVSQqqaakUYkCeI+I3W/f5n69XsiFQ3FrR5GxOOoK2hAMdJGatsHg7ukFUnKCZxcI3gET37E9HU6uHDadsEpOmPAWeJmpAAyVNr2Z6sT4pgToTFDSjVdJ9JegqSmmJFRvhUrEiHcR13SNFQgTpSXjPcZwX2jdGAQSnOEhmP1d0eCuFJD7ptKjnRPTXup+J/XjHVw7iVURLEmAk8GBTGDOoRpOLBDJcGaDQ1BWFLzV4h7SCKsTYR5E4I7vfIsqR0X3VKxdFMqlK+yOHJgF+yBQ+CCM1AG16ACqgCDB/AEXsCr9Wg9W2/W+6R0zsp6dsAfWB/fOvqbgA==</latexit>

Solução geral 

xg(t) = c1e
�2t + c2e

�3t

<latexit sha1_base64="PyMOY0OPYbiHjUgjX1G3RSSPY60=">AAACDXicbVA7SwNBEN6Lrxhfp5Y2i1GIiOEuBrQRAhZaRjAPSOKxt9kkS/Ye7M6J4cgfsPGv2FgoYmtv579xc7lCEwcWvscMs/O5oeAKLOvbyCwsLi2vZFdza+sbm1vm9k5dBZGkrEYDEcimSxQT3Gc14CBYM5SMeK5gDXd4OfEb90wqHvi3MApZxyN9n/c4JaAlxzx4cPoFOMIXmDo2ZnfxSQnDGB9rWkroqaaOmbeKVlJ4HtgpyKO0qo751e4GNPKYD1QQpVq2FUInJhI4FWyca0eKhYQOSZ+1NPSJx1QnTq4Z40OtdHEvkPr5gBP190RMPKVGnqs7PQIDNetNxP+8VgS9807M/TAC5tPpol4kMAR4Eg3ucskoiJEGhEqu/4rpgEhCQQeY0yHYsyfPg3qpaJeL5ZtyvnKVxpFFe2gfFZCNzlAFXaMqqiGKHtEzekVvxpPxYrwbH9PWjJHO7KI/ZXz+AEVtmI4=</latexit>

https://sites.icmc.usp.br/tiago/index.html/edo.html


Exemplo 2

Encontre a solução geral da EDO

https://sites.icmc.usp.br/tiago/index.html/edo.html

x

00 + x

0 = 0

<latexit sha1_base64="XpgFN2HuDJf3BTZ//b3RrdpAVto=">AAACDHicbVDNSgMxGMzWv1r/qh69BIsgCGVXCnoRCh70WMG2QltLNv22DU2yS5IVy7IP4MVX8eJBEa8+gDffxrRdRFsHQoaZ+Ui+8SPOtHHdLye3sLi0vJJfLaytb2xuFbd3GjqMFYU6DXmobnyigTMJdcMMh5tIARE+h6Y/PB/7zTtQmoXy2owi6AjSlyxglBgrdYul+9ukHSkmAE+vFB9h/COm+Ay7NuWW3QnwPPEyUkIZat3iZ7sX0liANJQTrVueG5lOQpRhlENaaMcaIkKHpA8tSyURoDvJZJkUH1ilh4NQ2SMNnqi/JxIitB4J3yYFMQM9643F/7xWbILTTsJkFBuQdPpQEHNsQjxuBveYAmr4yBJCFbN/xXRAFKHG9lewJXizK8+TxnHZq5QrV5VS9SKrI4/20D46RB46QVV0iWqojih6QE/oBb06j86z8+a8T6M5J5vZRX/gfHwDOuKadA==</latexit>

A característica é 

raízes são

�2 + � = 0

<latexit sha1_base64="YUf8RkiqUSOGAZ3HfEMoCaPHgtk=">AAACAXicbVDLSgMxFL1TX219jboR3ASLIAjDTCnoRii40GUF+4B2LJlMpg3NPEgyQhnqxl9x40IRt/6FuPFrNH0stPVA4HDOudzc4yWcSWXbX0ZuaXlldS1fKK5vbG5tmzu7DRmngtA6iXksWh6WlLOI1hVTnLYSQXHocdr0Bhdjv3lHhWRxdKOGCXVD3ItYwAhWWuqa+x2uwz6+LaMTNOMInSO7a5Zsy54ALRJnRkpVs/rZsArfta750fFjkoY0UoRjKduOnSg3w0Ixwumo2EklTTAZ4B5taxrhkEo3m1wwQkda8VEQC/0ihSbq74kMh1IOQ08nQ6z6ct4bi/957VQFZ27GoiRVNCLTRUHKkYrRuA7kM0GJ4kNNMBFM/xWRPhaYKF1aUZfgzJ+8SBply6lYlWvdxiVMkYcDOIRjcOAUqnAFNagDgXt4hGd4MR6MJ+PVeJtGc8ZsZg/+wHj/AU1xl9U=</latexit>

�1 = 0

<latexit sha1_base64="/kRSgTsBJxSE83VAVQfp59Jb1kc=">AAAB9XicbVC7SgNBFL0bXzFGjabUYjAIVmFXAtoIAQstI5gHJJswOzubDJmdXWZmlbCk9B9sLBSxtbD3I+z8GyePQhMPDBzOOZd753gxZ0rb9reVWVldW9/Ibua28ts7u4W9/YaKEklonUQ8ki0PK8qZoHXNNKetWFIcepw2veHlxG/eUalYJG71KKZuiPuCBYxgbaRuh5uoj3sOQhfI7hVKdtmeAi0TZ05K1cOHfPej+FnrFb46fkSSkApNOFaq7dixdlMsNSOcjnOdRNEYkyHu07ahAodUuen06jE6NoqPgkiaJzSaqr8nUhwqNQo9kwyxHqhFbyL+57UTHZy7KRNxoqkgs0VBwpGO0KQC5DNJieYjQzCRzNyKyABLTLQpKmdKcBa/vEwap2WnUq7cmDauYIYsHMARnIADZ1CFa6hBHQhIeIRneLHurSfr1XqbRTPWfKYIf2C9/wAwtpP3</latexit>

�2 = �1

<latexit sha1_base64="xrbLQJ5tH2vipUT2H1G4Ls7F2xU=">AAAB+HicbVC7SgNBFL0bXzFGs5pSi8Eg2Bh2Q0AbIWChZQTzgGRdZmcnyZDZBzOzQlxS+hU2ForYau9H2Pk3Th6FJh4YOJxzLvfO8WLOpLKsbyOzsrq2vpHdzG3lt3cK5u5eU0aJILRBIh6Jtocl5SykDcUUp+1YUBx4nLa84cXEb91RIVkU3qhRTJ0A90PWYwQrLblmoct12MduBaFzdGK7ZskqW1OgZWLPSal28JC//Sh+1l3zq+tHJAloqAjHUnZsK1ZOioVihNNxrptIGmMyxH3a0TTEAZVOOj18jI604qNeJPQLFZqqvydSHEg5CjydDLAayEVvIv7ndRLVO3NSFsaJoiGZLeolHKkITVpAPhOUKD7SBBPB9K2IDLDAROmucroEe/HLy6RZKdvVcvVat3EJM2RhHw7hGGw4hRpcQR0aQCCBR3iGF+PeeDJejbdZNGPMZ4rwB8b7DxjRlGE=</latexit>

https://sites.icmc.usp.br/tiago/index.html/edo.html


Exemplo 2

Encontre a solução geral da EDO

https://sites.icmc.usp.br/tiago/index.html/edo.html

Solução geral 

x

00 + x

0 = 0

<latexit sha1_base64="XpgFN2HuDJf3BTZ//b3RrdpAVto=">AAACDHicbVDNSgMxGMzWv1r/qh69BIsgCGVXCnoRCh70WMG2QltLNv22DU2yS5IVy7IP4MVX8eJBEa8+gDffxrRdRFsHQoaZ+Ui+8SPOtHHdLye3sLi0vJJfLaytb2xuFbd3GjqMFYU6DXmobnyigTMJdcMMh5tIARE+h6Y/PB/7zTtQmoXy2owi6AjSlyxglBgrdYul+9ukHSkmAE+vFB9h/COm+Ay7NuWW3QnwPPEyUkIZat3iZ7sX0liANJQTrVueG5lOQpRhlENaaMcaIkKHpA8tSyURoDvJZJkUH1ilh4NQ2SMNnqi/JxIitB4J3yYFMQM9643F/7xWbILTTsJkFBuQdPpQEHNsQjxuBveYAmr4yBJCFbN/xXRAFKHG9lewJXizK8+TxnHZq5QrV5VS9SKrI4/20D46RB46QVV0iWqojih6QE/oBb06j86z8+a8T6M5J5vZRX/gfHwDOuKadA==</latexit>

xg(t) = c1 + c2e
�t

<latexit sha1_base64="+SSQUqXvcXTBckeyh7fcP8ssypI=">AAACA3icbVC7SgNBFJ31GeNr1U6bwaBExbAbAtoIAQstI5gHJHGZnUySIbMPZu5KwhKw8VdsLBSxtbcWLPwE/8LJo9DEA5d7OOdeZu5xQ8EVWNaXMTM7N7+wmFhKLq+srq2bG5slFUSSsiINRCArLlFMcJ8VgYNglVAy4rmCld3O+cAv3zKpeOBfQy9kdY+0fN7klICWHHO767TScIDPMHVsjI90y2J2Ex9D3zFTVsYaAk8Te0xS+cN3e/+7+1lwzI9aI6CRx3yggihVta0Q6jGRwKlg/WQtUiwktENarKqpTzym6vHwhj7e00oDNwOpywc8VH9vxMRTque5etIj0FaT3kD8z6tG0Dytx9wPI2A+HT3UjASGAA8CwQ0uGQXR04RQyfVfMW0TSSjo2JI6BHvy5GlSymbsXCZ3pdO4QCMk0A7aRWlkoxOUR5eogIqIojv0gJ7Qs3FvPBovxutodMYY72yhPzDefgDttZjk</latexit>

https://sites.icmc.usp.br/tiago/index.html/edo.html

