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O que é uma EDO?

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

=

Equação diferencial ordinária

Temos uma função desconhecida

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


O que é uma EDO?

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

=

Equação diferencial ordinária

=
x(t)

<latexit sha1_base64="zw1yGxSUKuUKooRksVKWsZg/nl0=">AAAB63icbVBNS8NAEJ34WetX1aOXYBHqpSRS0GPRi8cK9gPaUDbbbbt0dxN2J2IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZeGAtu0PO+nbX1jc2t7cJOcXdv/+CwdHTcMlGiKWvSSES6ExLDBFesiRwF68SaERkK1g4nt5nffmTa8Eg94DRmgSQjxYecEsykpwpe9Etlr+rN4a4SPydlyNHol756g4gmkimkghjT9b0Yg5Ro5FSwWbGXGBYTOiEj1rVUEclMkM5vnbnnVhm4w0jbUujO1d8TKZHGTGVoOyXBsVn2MvE/r5vg8DpIuYoTZIouFg0T4WLkZo+7A64ZRTG1hFDN7a0uHRNNKNp4ijYEf/nlVdK6rPq1au2+Vq7f5HEU4BTOoAI+XEEd7qABTaAwhmd4hTdHOi/Ou/OxaF1z8pkT+APn8weED43m</latexit>

dx(t)

dt

<latexit sha1_base64="tJjLmLS/ih9CE5EJYZV9iEkaEYg=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBahXkoiBT0WvXisYD+gDWWz2bRLN5uwOymWkH/ixYMiXv0n3vw3btsctPXBwOO9GWbm+YngGhzn2yptbG5t75R3K3v7B4dH9vFJR8epoqxNYxGrnk80E1yyNnAQrJcoRiJfsK4/uZv73SlTmsfyEWYJ8yIykjzklICRhrY9CBWhWfBUg8s8CyAf2lWn7iyA14lbkCoq0BraX4MgpmnEJFBBtO67TgJeRhRwKlheGaSaJYROyIj1DZUkYtrLFpfn+MIoAQ5jZUoCXqi/JzISaT2LfNMZERjrVW8u/uf1UwhvvIzLJAUm6XJRmAoMMZ7HgAOuGAUxM4RQxc2tmI6JiQJMWBUTgrv68jrpXNXdRr3x0Kg2b4s4yugMnaMactE1aqJ71EJtRNEUPaNX9GZl1ov1bn0sW0tWMXOK/sD6/AGvOJOz</latexit>

Relação da função e sua derivada

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


O que é uma EDO?

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

=

Equação diferencial ordinária

=
x(t)

<latexit sha1_base64="zw1yGxSUKuUKooRksVKWsZg/nl0=">AAAB63icbVBNS8NAEJ34WetX1aOXYBHqpSRS0GPRi8cK9gPaUDbbbbt0dxN2J2IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZeGAtu0PO+nbX1jc2t7cJOcXdv/+CwdHTcMlGiKWvSSES6ExLDBFesiRwF68SaERkK1g4nt5nffmTa8Eg94DRmgSQjxYecEsykpwpe9Etlr+rN4a4SPydlyNHol756g4gmkimkghjT9b0Yg5Ro5FSwWbGXGBYTOiEj1rVUEclMkM5vnbnnVhm4w0jbUujO1d8TKZHGTGVoOyXBsVn2MvE/r5vg8DpIuYoTZIouFg0T4WLkZo+7A64ZRTG1hFDN7a0uHRNNKNp4ijYEf/nlVdK6rPq1au2+Vq7f5HEU4BTOoAI+XEEd7qABTaAwhmd4hTdHOi/Ou/OxaF1z8pkT+APn8weED43m</latexit>

dx(t)

dt

<latexit sha1_base64="tJjLmLS/ih9CE5EJYZV9iEkaEYg=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBahXkoiBT0WvXisYD+gDWWz2bRLN5uwOymWkH/ixYMiXv0n3vw3btsctPXBwOO9GWbm+YngGhzn2yptbG5t75R3K3v7B4dH9vFJR8epoqxNYxGrnk80E1yyNnAQrJcoRiJfsK4/uZv73SlTmsfyEWYJ8yIykjzklICRhrY9CBWhWfBUg8s8CyAf2lWn7iyA14lbkCoq0BraX4MgpmnEJFBBtO67TgJeRhRwKlheGaSaJYROyIj1DZUkYtrLFpfn+MIoAQ5jZUoCXqi/JzISaT2LfNMZERjrVW8u/uf1UwhvvIzLJAUm6XJRmAoMMZ7HgAOuGAUxM4RQxc2tmI6JiQJMWBUTgrv68jrpXNXdRr3x0Kg2b4s4yugMnaMactE1aqJ71EJtRNEUPaNX9GZl1ov1bn0sW0tWMXOK/sD6/AGvOJOz</latexit>

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


Porque estudar EDO’s

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

dp

dt
= F

<latexit sha1_base64="eQcNj7PoCXLKyN+csVTMTzHJU5I=">AAAB+nicbVBNS8NAEN34WetXqkcvi0XwVBIp6EUoCuKxgv2ANpTNZtMu3WzC7kQpMT/FiwdFvPpLvPlv3LY5aOuDgcd7M8zM8xPBNTjOt7Wyura+sVnaKm/v7O7t25WDto5TRVmLxiJWXZ9oJrhkLeAgWDdRjES+YB1/fD31Ow9MaR7Le5gkzIvIUPKQUwJGGtiVfqgIzYIkzwLI8SW+GdhVp+bMgJeJW5AqKtAc2F/9IKZpxCRQQbTuuU4CXkYUcCpYXu6nmiWEjsmQ9QyVJGLay2an5/jEKAEOY2VKAp6pvycyEmk9iXzTGREY6UVvKv7n9VIIL7yMyyQFJul8UZgKDDGe5oADrhgFMTGEUMXNrZiOiMkCTFplE4K7+PIyaZ/V3HqtflevNq6KOEroCB2jU+Sic9RAt6iJWoiiR/SMXtGb9WS9WO/Wx7x1xSpmDtEfWJ8/zcmTsw==</latexit>

ou

m

d

2
x

dt

2
= F

<latexit sha1_base64="pINvLokx/fSrhaq4H607UrfBFuM=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4KokpaAboSiIywr2AW1aJpNJO3RmEmYmYgnZ+CtuXCji1s9w5984bbPQ1gMXDufcy733+DGjSjvOt1VYWV1b3yhulra2d3b37P2DlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr++Hrqtx+IVDQS93oSE4+joaAhxUgbaWAfcdgLJcJp0K8+Zmmg+9UMXsKbgV12Ks4McJm4OSmDHI2B/dULIpxwIjRmSKmu68TaS5HUFDOSlXqJIjHCYzQkXUMF4kR56eyBDJ4aJYBhJE0JDWfq74kUcaUm3DedHOmRWvSm4n9eN9HhhZdSESeaCDxfFCYM6ghO04ABlQRrNjEEYUnNrRCPkMlDm8xKJgR38eVl0qpW3Fqldlcr16/yOIrgGJyAM+CCc1AHt6ABmgCDDDyDV/BmPVkv1rv1MW8tWPnMIfgD6/MHaceVpA==</latexit>

As leis da natureza são leis são EDO’s

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


O que significa resolver uma EDO

Encontrar a função que obedece a EDO

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

Qual é a função com derivada igual a 1?

x(t) = t+ c

<latexit sha1_base64="cVpuUgK8E6DwyyQARevm+dlwX6M=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBAiQtiVgF6EoBePEcwDkiXMTibJkNnZZaZXDEt+w4sHRbz6M978GyfJHjSxoKGo6qa7K4ilMOi6387K6tr6xmZuK7+9s7u3Xzg4bJgo0YzXWSQj3Qqo4VIoXkeBkrdizWkYSN4MRrdTv/nItRGResBxzP2QDpToC0bRSp2nEp6Ra4LknLBuoeiW3RnIMvEyUoQMtW7hq9OLWBJyhUxSY9qeG6OfUo2CST7JdxLDY8pGdMDblioacuOns5sn5NQqPdKPtC2FZKb+nkhpaMw4DGxnSHFoFr2p+J/XTrB/5adCxQlyxeaL+okkGJFpAKQnNGcox5ZQpoW9lbAh1ZShjSlvQ/AWX14mjYuyVylX7ivF6k0WRw6O4QRK4MElVOEOalAHBjE8wyu8OYnz4rw7H/PWFSebOYI/cD5/AGDLj/U=</latexit>

dx

dt

= 1

<latexit sha1_base64="93O3JgRRobnTDL6oQZWVhzBLcrI=">AAAB+nicbVBNS8NAEN34WetXqkcvi0XwVBIp6EUoevFYwX5AG8pms2mXbjZhd6KWmJ/ixYMiXv0l3vw3btsctPXBwOO9GWbm+YngGhzn21pZXVvf2Cxtlbd3dvf27cpBW8epoqxFYxGrrk80E1yyFnAQrJsoRiJfsI4/vp76nXumNI/lHUwS5kVkKHnIKQEjDexKP1SEZsFjngWQ40vsDuyqU3NmwMvELUgVFWgO7K9+ENM0YhKoIFr3XCcBLyMKOBUsL/dTzRJCx2TIeoZKEjHtZbPTc3xilACHsTIlAc/U3xMZibSeRL7pjAiM9KI3Ff/zeimEF17GZZICk3S+KEwFhhhPc8ABV4yCmBhCqOLmVkxHxGQBJq2yCcFdfHmZtM9qbr1Wv61XG1dFHCV0hI7RKXLROWqgG9RELUTRA3pGr+jNerJerHfrY966YhUzh+gPrM8ful2Tpg==</latexit>

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


O que significa resolver uma EDO

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

Encontrar a função que resolve

d

2
x

dt

2
+ x = 0

<latexit sha1_base64="g/c6BqNjJKXDN4BkAipvIp4wq5A=">AAACAnicbVDLSgNBEJyNrxhfq57Ey2AQBCHshoBehKAXjxHMA5JNmJ2dTYbMPpjplYQlePFXvHhQxKtf4c2/cZLsQRMLGoqqbrq73FhwBZb1beRWVtfWN/Kbha3tnd09c/+goaJEUlankYhkyyWKCR6yOnAQrBVLRgJXsKY7vJn6zQcmFY/CexjHzAlIP+Q+pwS01DOPOr4kNPW65dEk9aBbnuBzPMJX2OqZRatkzYCXiZ2RIspQ65lfHS+iScBCoIIo1batGJyUSOBUsEmhkygWEzokfdbWNCQBU046e2GCT7XiYT+SukLAM/X3REoCpcaBqzsDAgO16E3F/7x2Av6lk/IwToCFdL7ITwSGCE/zwB6XjIIYa0Ko5PpWTAdEZwI6tYIOwV58eZk0yiW7UqrcVYrV6yyOPDpGJ+gM2egCVdEtqqE6ougRPaNX9GY8GS/Gu/Exb80Z2cwh+gPj8wcoipX4</latexit>

x(t) = cos t ) dx

dt

= � sin t ) d

2
x

dt

2
= � cos t

<latexit sha1_base64="ouYFpve2Ll0qH98eA5cqvdS7mDE="></latexit>

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


O que significa resolver uma EDO

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

Encontrar a função que resolve

d

2
x

dt

2
+ x = 0

<latexit sha1_base64="g/c6BqNjJKXDN4BkAipvIp4wq5A=">AAACAnicbVDLSgNBEJyNrxhfq57Ey2AQBCHshoBehKAXjxHMA5JNmJ2dTYbMPpjplYQlePFXvHhQxKtf4c2/cZLsQRMLGoqqbrq73FhwBZb1beRWVtfWN/Kbha3tnd09c/+goaJEUlankYhkyyWKCR6yOnAQrBVLRgJXsKY7vJn6zQcmFY/CexjHzAlIP+Q+pwS01DOPOr4kNPW65dEk9aBbnuBzPMJX2OqZRatkzYCXiZ2RIspQ65lfHS+iScBCoIIo1batGJyUSOBUsEmhkygWEzokfdbWNCQBU046e2GCT7XiYT+SukLAM/X3REoCpcaBqzsDAgO16E3F/7x2Av6lk/IwToCFdL7ITwSGCE/zwB6XjIIYa0Ko5PpWTAdEZwI6tYIOwV58eZk0yiW7UqrcVYrV6yyOPDpGJ+gM2egCVdEtqqE6ougRPaNX9GY8GS/Gu/Exb80Z2cwh+gPj8wcoipX4</latexit>

x(t) = cos t ) dx

dt

= � sin t ) d

2
x

dt

2
= � cos t

<latexit sha1_base64="ouYFpve2Ll0qH98eA5cqvdS7mDE="></latexit>

+

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


Classificação

Ordem da EDO = ordem da maior derivada

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

dx

dt

+ x

2 = 0

<latexit sha1_base64="CgrKFdmt/8cDQ0nFPEg2fQ6+n2c=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLIAglKQXdCEU3LivYB7SxTCaTdujkwcyNtIRs/BU3LhRx62e482+ctllo64ELh3Pu5d573FhwBZb1bRRWVtfWN4qbpa3tnd09c/+gpaJEUtakkYhkxyWKCR6yJnAQrBNLRgJXsLY7upn67UcmFY/Ce5jEzAnIIOQ+pwS01DePer4kNPXGWepBhs/x+KGKr7DVN8tWxZoBLxM7J2WUo9E3v3peRJOAhUAFUaprWzE4KZHAqWBZqZcoFhM6IgPW1TQkAVNOOnsgw6da8bAfSV0h4Jn6eyIlgVKTwNWdAYGhWvSm4n9eNwH/0kl5GCfAQjpf5CcCQ4SnaWCPS0ZBTDQhVHJ9K6ZDohMBnVlJh2AvvrxMWtWKXavU7mrl+nUeRxEdoxN0hmx0geroFjVQE1GUoWf0it6MJ+PFeDc+5q0FI585RH9gfP4A9LCVVA==</latexit>

d

2
x

dt

2
+ x = 0

<latexit sha1_base64="g/c6BqNjJKXDN4BkAipvIp4wq5A=">AAACAnicbVDLSgNBEJyNrxhfq57Ey2AQBCHshoBehKAXjxHMA5JNmJ2dTYbMPpjplYQlePFXvHhQxKtf4c2/cZLsQRMLGoqqbrq73FhwBZb1beRWVtfWN/Kbha3tnd09c/+goaJEUlankYhkyyWKCR6yOnAQrBVLRgJXsKY7vJn6zQcmFY/CexjHzAlIP+Q+pwS01DOPOr4kNPW65dEk9aBbnuBzPMJX2OqZRatkzYCXiZ2RIspQ65lfHS+iScBCoIIo1batGJyUSOBUsEmhkygWEzokfdbWNCQBU046e2GCT7XiYT+SukLAM/X3REoCpcaBqzsDAgO16E3F/7x2Av6lk/IwToCFdL7ITwSGCE/zwB6XjIIYa0Ko5PpWTAdEZwI6tYIOwV58eZk0yiW7UqrcVYrV6yyOPDpGJ+gM2egCVdEtqqE6ougRPaNX9GY8GS/Gu/Exb80Z2cwh+gPj8wcoipX4</latexit>

1º ordem

2º ordem

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


Classificação

Escalar

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

x : R ! R

<latexit sha1_base64="5qViwig6fk8L/ZWv28njFZ7kBkw=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6XgqiRSUFwV3bisYh/QhDKZTtqhk5kwM1FL6Be48VfcuFDErWt3/o2TNovaeuDC4Zx7ufeeIGZUacf5sQorq2vrG8XN0tb2zu6evX/QUiKRmDSxYEJ2AqQIo5w0NdWMdGJJUBQw0g5GV5nfvidSUcHv9DgmfoQGnIYUI22knl15hBfQi5AeBkF6O4GepIOhRlKKhzm5Z5edqjMFXCZuTsogR6Nnf3t9gZOIcI0ZUqrrOrH2UyQ1xYxMSl6iSIzwCA1I11COIqL8dPrOBFaM0oehkKa4hlN1fiJFkVLjKDCd2YVq0cvE/7xuosNzP6U8TjTheLYoTBjUAmbZwD6VBGs2NgRhSc2tEA+RRFibBEsmBHfx5WXSOq26tWrtplauX+ZxFMEROAYnwAVnoA6uQQM0AQZP4AW8gXfr2Xq1PqzPWWvBymcOwR9YX78Kp5wj</latexit>

x : R ! Rn

<latexit sha1_base64="6oPUeB3tQ1KfZPUvwAL2nlz2M6g=">AAACEHicbVC7TsMwFL3hWcqrwMhiUSGYqgRVAjFVsDAWRB9SGyrHdVqrjhPZDlBF/QQWfoWFAYRYGdn4G5w2Q2k5kqWjc86V7z1exJnStv1jLSwuLa+s5tby6xubW9uFnd26CmNJaI2EPJRNDyvKmaA1zTSnzUhSHHicNrzBZeo37qlULBS3ehhRN8A9wXxGsDZSp3D0iM5RO8C673nJzQi1Jev1NZYyfJiS70yyaJfsMdA8cTJShAzVTuG73Q1JHFChCcdKtRw70m6CpWaE01G+HSsaYTLAPdoyVOCAKjcZHzRCh0bpIj+U5gmNxur0RIIDpYaBZ5LpjmrWS8X/vFas/TM3YSKKNRVk8pEfc6RDlLaDukxSovnQEEwkM7si0scSE206zJsSnNmT50n9pOSUS+XrcrFykdWRg304gGNw4BQqcAVVqAGBJ3iBN3i3nq1X68P6nEQXrGxmD/7A+voFptqdAw==</latexit>

Vetorial

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


Classificação: EDO linear

A função e suas derivadas aparece de maneira linear

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

dx

dt

= x

<latexit sha1_base64="bU7S5PPsM89emo+mq/mRUHqiPWU=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCp5JIQS9C0YvHCvYD2lI2m027dLMJuxttifkpXjwo4tVf4s1/47bNQVsfDDzem2FmnhdzprTjfFuFtfWNza3idmlnd2//wC4ftlSUSEKbJOKR7HhYUc4EbWqmOe3EkuLQ47TtjW9mfvuBSsUica+nMe2HeChYwAjWRhrY5V4gMUn9SZb6OkNXaDKwK07VmQOtEjcnFcjRGNhfPT8iSUiFJhwr1XWdWPdTLDUjnGalXqJojMkYD2nXUIFDqvrp/PQMnRrFR0EkTQmN5urviRSHSk1Dz3SGWI/UsjcT//O6iQ4u+ykTcaKpIItFQcKRjtAsB+QzSYnmU0MwkczcisgImyy0SatkQnCXX14lrfOqW6vW7mqV+nUeRxGO4QTOwIULqMMtNKAJBB7hGV7hzXqyXqx362PRWrDymSP4A+vzByYIk+0=</latexit>

dx

dt

+ x

2 = 0

<latexit sha1_base64="CgrKFdmt/8cDQ0nFPEg2fQ6+n2c=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLIAglKQXdCEU3LivYB7SxTCaTdujkwcyNtIRs/BU3LhRx62e482+ctllo64ELh3Pu5d573FhwBZb1bRRWVtfWN4qbpa3tnd09c/+gpaJEUtakkYhkxyWKCR6yJnAQrBNLRgJXsLY7upn67UcmFY/Ce5jEzAnIIOQ+pwS01DePer4kNPXGWepBhs/x+KGKr7DVN8tWxZoBLxM7J2WUo9E3v3peRJOAhUAFUaprWzE4KZHAqWBZqZcoFhM6IgPW1TQkAVNOOnsgw6da8bAfSV0h4Jn6eyIlgVKTwNWdAYGhWvSm4n9eNwH/0kl5GCfAQjpf5CcCQ4SnaWCPS0ZBTDQhVHJ9K6ZDohMBnVlJh2AvvrxMWtWKXavU7mrl+nUeRxEdoxN0hmx0geroFjVQE1GUoWf0it6MJ+PFeDc+5q0FI585RH9gfP4A9LCVVA==</latexit>

linear

não linear

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


Classificação

Exercício: Classifique as EDO’s

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

d

2
x

dt

2
+ x = 0

<latexit sha1_base64="g/c6BqNjJKXDN4BkAipvIp4wq5A=">AAACAnicbVDLSgNBEJyNrxhfq57Ey2AQBCHshoBehKAXjxHMA5JNmJ2dTYbMPpjplYQlePFXvHhQxKtf4c2/cZLsQRMLGoqqbrq73FhwBZb1beRWVtfWN/Kbha3tnd09c/+goaJEUlankYhkyyWKCR6yOnAQrBVLRgJXsKY7vJn6zQcmFY/CexjHzAlIP+Q+pwS01DOPOr4kNPW65dEk9aBbnuBzPMJX2OqZRatkzYCXiZ2RIspQ65lfHS+iScBCoIIo1batGJyUSOBUsEmhkygWEzokfdbWNCQBU046e2GCT7XiYT+SukLAM/X3REoCpcaBqzsDAgO16E3F/7x2Av6lk/IwToCFdL7ITwSGCE/zwB6XjIIYa0Ko5PpWTAdEZwI6tYIOwV58eZk0yiW7UqrcVYrV6yyOPDpGJ+gM2egCVdEtqqE6ougRPaNX9GY8GS/Gu/Exb80Z2cwh+gPj8wcoipX4</latexit>

dx

dt

+ t

2
x = 0

<latexit sha1_base64="1zluSrMTTXGQ+CQe+B75ImzLktY=">AAACAnicbVDLSsNAFJ34rPUVdSVuBosgCCUpBd0IRTcuK9gHtLFMJpN26OTBzI20hODGX3HjQhG3foU7/8Zpm4W2HrhwOOde7r3HjQVXYFnfxtLyyuraemGjuLm1vbNr7u03VZRIyho0EpFsu0QxwUPWAA6CtWPJSOAK1nKH1xO/9cCk4lF4B+OYOQHph9znlICWeuZh15eEpt4oSz3I8BmG+woe4Uts9cySVbamwIvEzkkJ5aj3zK+uF9EkYCFQQZTq2FYMTkokcCpYVuwmisWEDkmfdTQNScCUk05fyPCJVjzsR1JXCHiq/p5ISaDUOHB1Z0BgoOa9ifif10nAv3BSHsYJsJDOFvmJwBDhSR7Y45JREGNNCJVc34rpgOhMQKdW1CHY8y8vkmalbFfL1dtqqXaVx1FAR+gYnSIbnaMaukF11EAUPaJn9IrejCfjxXg3PmatS0Y+c4D+wPj8AS/8lfw=</latexit>

x

dx

dt

+ 1 = 0

<latexit sha1_base64="SCSLes0duxdVEXr/9P3dfPDfzZI=">AAACAHicbVBNS8NAEN3Ur1q/oh48eFksgiCURAp6EYpePFawH9CWstls2qWbTdidSEvIxb/ixYMiXv0Z3vw3btsctPXBwOO9GWbmebHgGhzn2yqsrK6tbxQ3S1vbO7t79v5BU0eJoqxBIxGptkc0E1yyBnAQrB0rRkJPsJY3up36rUemNI/kA0xi1gvJQPKAUwJG6ttHY9wNFKGpP85SHzJ8jl18jZ2+XXYqzgx4mbg5KaMc9b791fUjmoRMAhVE647rxNBLiQJOBctK3USzmNARGbCOoZKETPfS2QMZPjWKj4NImZKAZ+rviZSEWk9Cz3SGBIZ60ZuK/3mdBIKrXsplnACTdL4oSASGCE/TwD5XjIKYGEKo4uZWTIfE5AEms5IJwV18eZk0LyputVK9r5ZrN3kcRXSMTtAZctElqqE7VEcNRFGGntErerOerBfr3fqYtxasfOYQ/YH1+QORbJUV</latexit>

2º ordem linear

1º ordem linear

1º ordem não-linear



EDO 1º ordem linear

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

a(t)
dx

dt

+ b(t)x = 0

<latexit sha1_base64="GgL2NDBNf8Pw2y3cGMShweCFEdw=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahIpRECroRim5cVrAPaEOZTCbt0MmDmRtpCV268VfcuFDErZ/gzr9x0mah1QMXDufcy733uLHgCizryygsLa+srhXXSxubW9s75u5eS0WJpKxJIxHJjksUEzxkTeAgWCeWjASuYG13dJ357XsmFY/CO5jEzAnIIOQ+pwS01DcPSQVOcM+XhKbeeJp6MMWn2M3EMb7EVt8sW1VrBvyX2DkpoxyNvvnZ8yKaBCwEKohSXduKwUmJBE4Fm5Z6iWIxoSMyYF1NQxIw5aSzR6b4WCse9iOpKwQ8U39OpCRQahK4ujMgMFSLXib+53UT8C+clIdxAiyk80V+IjBEOEsFe1wyCmKiCaGS61sxHRIdCujsSjoEe/Hlv6R1VrVr1dptrVy/yuMoogN0hCrIRueojm5QAzURRQ/oCb2gV+PReDbejPd5a8HIZ/bRLxgf315Dl6E=</latexit>

homogêneas

x(t) = 0

<latexit sha1_base64="rk8V6HBCMxOQ7efrJ1w2bvsW6/s=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiJexKQC9C0IvHCOYBSQizk9lkyOzsOtMrhiU/4cWDIl79HW/+jZNkD5pY0FBUddPd5cdSGHTdb2dldW19YzO3ld/e2d3bLxwcNkyUaMbrLJKRbvnUcCkUr6NAyVux5jT0JW/6o5up33zk2ohI3eM45t2QDpQIBKNopdZTCc/IFXF7haJbdmcgy8TLSBEy1HqFr04/YknIFTJJjWl7bozdlGoUTPJJvpMYHlM2ogPetlTRkJtuOrt3Qk6t0idBpG0pJDP190RKQ2PGoW87Q4pDs+hNxf+8doLBZTcVKk6QKzZfFCSSYESmz5O+0JyhHFtCmRb2VsKGVFOGNqK8DcFbfHmZNM7LXqVcuasUq9dZHDk4hhMogQcXUIVbqEEdGEh4hld4cx6cF+fd+Zi3rjjZzBH8gfP5AyQDjrs=</latexit>

resolve



EDO 1º ordem linear

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

a(t)
dx

dt

+ b(t)x = 0

<latexit sha1_base64="GgL2NDBNf8Pw2y3cGMShweCFEdw=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahIpRECroRim5cVrAPaEOZTCbt0MmDmRtpCV268VfcuFDErZ/gzr9x0mah1QMXDufcy733uLHgCizryygsLa+srhXXSxubW9s75u5eS0WJpKxJIxHJjksUEzxkTeAgWCeWjASuYG13dJ357XsmFY/CO5jEzAnIIOQ+pwS01DcPSQVOcM+XhKbeeJp6MMWn2M3EMb7EVt8sW1VrBvyX2DkpoxyNvvnZ8yKaBCwEKohSXduKwUmJBE4Fm5Z6iWIxoSMyYF1NQxIw5aSzR6b4WCse9iOpKwQ8U39OpCRQahK4ujMgMFSLXib+53UT8C+clIdxAiyk80V+IjBEOEsFe1wyCmKiCaGS61sxHRIdCujsSjoEe/Hlv6R1VrVr1dptrVy/yuMoogN0hCrIRueojm5QAzURRQ/oCb2gV+PReDbejPd5a8HIZ/bRLxgf315Dl6E=</latexit>

a

dx

dt

+ bx = q(t)

<latexit sha1_base64="3vtvk1QM+Ks9bF7a/iPQMuxHZdg=">AAACBXicbVDJSgNBEO2JW4zbqEc9NAYhIoQZCehFCHrxGMEskAyhp6cnadKz2F0jCcNcvPgrXjwo4tV/8Obf2FkOmvig4PFeFVX13FhwBZb1beSWlldW1/LrhY3Nre0dc3evoaJEUlankYhkyyWKCR6yOnAQrBVLRgJXsKY7uB77zQcmFY/COxjFzAlIL+Q+pwS01DUPCe74ktDUG2apBxk+xS4e4kt8X4KTrlm0ytYEeJHYM1JEM9S65lfHi2gSsBCoIEq1bSsGJyUSOBUsK3QSxWJCB6TH2pqGJGDKSSdfZPhYKx72I6krBDxRf0+kJFBqFLi6MyDQV/PeWPzPayfgXzgpD+MEWEini/xEYIjwOBLscckoiJEmhEqub8W0T3QooIMr6BDs+ZcXSeOsbFfKldtKsXo1iyOPDtARKiEbnaMqukE1VEcUPaJn9IrejCfjxXg3PqatOWM2s4/+wPj8AQ+5lv8=</latexit>

a(t)
dx

dt

+ b(t)x = 0

<latexit sha1_base64="GgL2NDBNf8Pw2y3cGMShweCFEdw=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahIpRECroRim5cVrAPaEOZTCbt0MmDmRtpCV268VfcuFDErZ/gzr9x0mah1QMXDufcy733uLHgCizryygsLa+srhXXSxubW9s75u5eS0WJpKxJIxHJjksUEzxkTeAgWCeWjASuYG13dJ357XsmFY/CO5jEzAnIIOQ+pwS01DcPSQVOcM+XhKbeeJp6MMWn2M3EMb7EVt8sW1VrBvyX2DkpoxyNvvnZ8yKaBCwEKohSXduKwUmJBE4Fm5Z6iWIxoSMyYF1NQxIw5aSzR6b4WCse9iOpKwQ8U39OpCRQahK4ujMgMFSLXib+53UT8C+clIdxAiyk80V+IjBEOEsFe1wyCmKiCaGS61sxHRIdCujsSjoEe/Hlv6R1VrVr1dptrVy/yuMoogN0hCrIRueojm5QAzURRQ/oCb2gV+PReDbejPd5a8HIZ/bRLxgf315Dl6E=</latexit>

homogêneas

não homogêneas



Diferenças entre linear e não-linear

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

a(t)
dx

dt

+ b(t)x = 0

<latexit sha1_base64="GgL2NDBNf8Pw2y3cGMShweCFEdw=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahIpRECroRim5cVrAPaEOZTCbt0MmDmRtpCV268VfcuFDErZ/gzr9x0mah1QMXDufcy733uLHgCizryygsLa+srhXXSxubW9s75u5eS0WJpKxJIxHJjksUEzxkTeAgWCeWjASuYG13dJ357XsmFY/CO5jEzAnIIOQ+pwS01DcPSQVOcM+XhKbeeJp6MMWn2M3EMb7EVt8sW1VrBvyX2DkpoxyNvvnZ8yKaBCwEKohSXduKwUmJBE4Fm5Z6iWIxoSMyYF1NQxIw5aSzR6b4WCse9iOpKwQ8U39OpCRQahK4ujMgMFSLXib+53UT8C+clIdxAiyk80V+IjBEOEsFe1wyCmKiCaGS61sxHRIdCujsSjoEe/Hlv6R1VrVr1dptrVy/yuMoogN0hCrIRueojm5QAzURRQ/oCb2gV+PReDbejPd5a8HIZ/bRLxgf315Dl6E=</latexit>

z é solução

y é solução
x = z+y é solução

Princípio de superposição 



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

a(t) (z + y)ʼ+b(t)(z +y) = 0

x = z+y

a(t)zʼ + b(t)z + a(t)yʼ+b(t)y = 0

=0 =0

Princípio de superposição 

Diferenças entre linear e não-linear



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

dx

dt

+ x

2 = 0

<latexit sha1_base64="CgrKFdmt/8cDQ0nFPEg2fQ6+n2c=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLIAglKQXdCEU3LivYB7SxTCaTdujkwcyNtIRs/BU3LhRx62e482+ctllo64ELh3Pu5d573FhwBZb1bRRWVtfWN4qbpa3tnd09c/+gpaJEUtakkYhkxyWKCR6yJnAQrBNLRgJXsLY7upn67UcmFY/Ce5jEzAnIIOQ+pwS01DePer4kNPXGWepBhs/x+KGKr7DVN8tWxZoBLxM7J2WUo9E3v3peRJOAhUAFUaprWzE4KZHAqWBZqZcoFhM6IgPW1TQkAVNOOnsgw6da8bAfSV0h4Jn6eyIlgVKTwNWdAYGhWvSm4n9eNwH/0kl5GCfAQjpf5CcCQ4SnaWCPS0ZBTDQhVHJ9K6ZDohMBnVlJh2AvvrxMWtWKXavU7mrl+nUeRxEdoxN0hmx0geroFjVQE1GUoWf0it6MJ+PFeDc+5q0FI585RH9gfP4A9LCVVA==</latexit>

z é solução

y é solução
x = z+y não é soluçãomas

Diferenças entre linear e não-linear



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

(z + y)ʼ+(z +y)2 = 0

dx

dt

+ x

2 = 0

<latexit sha1_base64="CgrKFdmt/8cDQ0nFPEg2fQ6+n2c=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLIAglKQXdCEU3LivYB7SxTCaTdujkwcyNtIRs/BU3LhRx62e482+ctllo64ELh3Pu5d573FhwBZb1bRRWVtfWN4qbpa3tnd09c/+gpaJEUtakkYhkxyWKCR6yJnAQrBNLRgJXsLY7upn67UcmFY/Ce5jEzAnIIOQ+pwS01DePer4kNPXGWepBhs/x+KGKr7DVN8tWxZoBLxM7J2WUo9E3v3peRJOAhUAFUaprWzE4KZHAqWBZqZcoFhM6IgPW1TQkAVNOOnsgw6da8bAfSV0h4Jn6eyIlgVKTwNWdAYGhWvSm4n9eNwH/0kl5GCfAQjpf5CcCQ4SnaWCPS0ZBTDQhVHJ9K6ZDohMBnVlJh2AvvrxMWtWKXavU7mrl+nUeRxEdoxN0hmx0geroFjVQE1GUoWf0it6MJ+PFeDc+5q0FI585RH9gfP4A9LCVVA==</latexit>

x = z+y
Testando

Na EDO

manipulando
zʼ + z2 + yʼ + y2 + 2zy = 0

Diferenças entre linear e não-linear



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

(z + y)ʼ+(z +y)2 = 0

dx

dt

+ x

2 = 0

<latexit sha1_base64="CgrKFdmt/8cDQ0nFPEg2fQ6+n2c=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLIAglKQXdCEU3LivYB7SxTCaTdujkwcyNtIRs/BU3LhRx62e482+ctllo64ELh3Pu5d573FhwBZb1bRRWVtfWN4qbpa3tnd09c/+gpaJEUtakkYhkxyWKCR6yJnAQrBNLRgJXsLY7upn67UcmFY/Ce5jEzAnIIOQ+pwS01DePer4kNPXGWepBhs/x+KGKr7DVN8tWxZoBLxM7J2WUo9E3v3peRJOAhUAFUaprWzE4KZHAqWBZqZcoFhM6IgPW1TQkAVNOOnsgw6da8bAfSV0h4Jn6eyIlgVKTwNWdAYGhWvSm4n9eNwH/0kl5GCfAQjpf5CcCQ4SnaWCPS0ZBTDQhVHJ9K6ZDohMBnVlJh2AvvrxMWtWKXavU7mrl+nUeRxEdoxN0hmx0geroFjVQE1GUoWf0it6MJ+PFeDc+5q0FI585RH9gfP4A9LCVVA==</latexit>

x = z+y
Testando

Na EDO

manipulando
zʼ + z2 + yʼ + y2 + 2zy = 0

Diferenças entre linear e não-linear



EDO 2º ordem linear

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>


