
Equações Diferenciais
 

Existencia e Unicidade 
Tiago Pereira

tiago@icmc.usp.br

ICMC

mailto:tiago@icmc.usp.br?subject=


EDO solução

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

Geral - Todas as possíveis soluções

Problema do Valor Inicial

Solução que assume um valor dado

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


EDO solução

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

Geral - Todas as possíveis soluções

<latexit sha1_base64="skzq7sZ7iqsdmPH9dR7U6TXtn5U=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbRU9ktol6EohePFewHtEvJptk2NpssSVZalv4HLx4U8er/8ea/MW33oK0PBh7vzTAzL4g508Z1v53cyura+kZ+s7C1vbO7V9w/aGiZKELrRHKpWgHWlDNB64YZTluxojgKOG0Gw9up33yiSjMpHsw4pn6E+4KFjGBjpcboFF2jUbdYcsvuDGiZeBkpQYZat/jV6UmSRFQYwrHWbc+NjZ9iZRjhdFLoJJrGmAxxn7YtFTii2k9n107QiVV6KJTKljBopv6eSHGk9TgKbGeEzUAvelPxP6+dmPDKT5mIE0MFmS8KE46MRNPXUY8pSgwfW4KJYvZWRAZYYWJsQAUbgrf48jJpVMreRblyf16q3mRx5OEIjuEMPLiEKtxBDepA4BGe4RXeHOm8OO/Ox7w152Qzh/AHzucPU5aOUQ==</latexit>

x0 = x

<latexit sha1_base64="LJ7ec0UWuSFNpEk0xjlTsOBIDlo=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoMQL2E3iHoRgl48RjAPSDZhdtJJhsw+mOlVw5L/8OJBEa/+izf/xkmyB00saCiquunu8iIpNNr2t5VZWV1b38hu5ra2d3b38vsHdR3GikONhzJUTY9pkCKAGgqU0IwUMN+T0PBGN1O/8QBKizC4x3EErs8GgegLztBInacintIryil0Epx08wW7ZM9Al4mTkgJJUe3mv9q9kMc+BMgl07rl2BG6CVMouIRJrh1riBgfsQG0DA2YD9pNZldP6IlRerQfKlMB0pn6eyJhvtZj3zOdPsOhXvSm4n9eK8b+pZuIIIoRAj5f1I8lxZBOI6A9oYCjHBvCuBLmVsqHTDGOJqicCcFZfHmZ1Msl57xUvjsrVK7TOLLkiByTInHIBamQW1IlNcKJIs/klbxZj9aL9W59zFszVjpzSP7A+vwB4HuReQ==</latexit>

x(t) = cet

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


EDO solução

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

Problema do Valor Inicial

<latexit sha1_base64="EcwoqwUGseUwP9ASFnWsVzRsuNY=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahXspuEfUiFL14rGA/oF1KNs22odlkTbJiWfonvHhQxKt/x5v/xrTdg7Y+GHi8N8PMvCDmTBvX/XZyK6tr6xv5zcLW9s7uXnH/oKlloghtEMmlagdYU84EbRhmOG3HiuIo4LQVjG6mfuuRKs2kuDfjmPoRHggWMoKNldpPZfcUXSGvVyy5FXcGtEy8jJQgQ71X/Or2JUkiKgzhWOuO58bGT7EyjHA6KXQTTWNMRnhAO5YKHFHtp7N7J+jEKn0USmVLGDRTf0+kONJ6HAW2M8JmqBe9qfif10lMeOmnTMSJoYLMF4UJR0ai6fOozxQlho8twUQxeysiQ6wwMTaigg3BW3x5mTSrFe+8Ur07K9WuszjycATHUAYPLqAGt1CHBhDg8Ayv8OY8OC/Ou/Mxb8052cwh/IHz+QO9GI54</latexit>

x(0) = 1

<latexit sha1_base64="vPHiT8TSolIZe/j5YC7HsDlRXCI=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoMQL2E3iHoRgl48RjAPSNYwO+lNhsw+mOkVw5Lf8OJBEa/+jDf/xkmyB00saCiquunu8mIpNNr2t5VbWV1b38hvFra2d3b3ivsHTR0likODRzJSbY9pkCKEBgqU0I4VsMCT0PJGN1O/9QhKiyi8x3EMbsAGofAFZ2ik7lMZT+kVhYcUJ71iya7YM9Bl4mSkRDLUe8Wvbj/iSQAhcsm07jh2jG7KFAouYVLoJhpixkdsAB1DQxaAdtPZzRN6YpQ+9SNlKkQ6U39PpCzQehx4pjNgONSL3lT8z+sk6F+6qQjjBCHk80V+IilGdBoA7QsFHOXYEMaVMLdSPmSKcTQxFUwIzuLLy6RZrTjnlerdWal2ncWRJ0fkmJSJQy5IjdySOmkQTmLyTF7Jm5VYL9a79TFvzVnZzCH5A+vzB8mEkOI=</latexit>

x(t) = et

<latexit sha1_base64="skzq7sZ7iqsdmPH9dR7U6TXtn5U=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbRU9ktol6EohePFewHtEvJptk2NpssSVZalv4HLx4U8er/8ea/MW33oK0PBh7vzTAzL4g508Z1v53cyura+kZ+s7C1vbO7V9w/aGiZKELrRHKpWgHWlDNB64YZTluxojgKOG0Gw9up33yiSjMpHsw4pn6E+4KFjGBjpcboFF2jUbdYcsvuDGiZeBkpQYZat/jV6UmSRFQYwrHWbc+NjZ9iZRjhdFLoJJrGmAxxn7YtFTii2k9n107QiVV6KJTKljBopv6eSHGk9TgKbGeEzUAvelPxP6+dmPDKT5mIE0MFmS8KE46MRNPXUY8pSgwfW4KJYvZWRAZYYWJsQAUbgrf48jJpVMreRblyf16q3mRx5OEIjuEMPLiEKtxBDepA4BGe4RXeHOm8OO/Ox7w152Qzh/AHzucPU5aOUQ==</latexit>

x0 = x

<latexit sha1_base64="LJ7ec0UWuSFNpEk0xjlTsOBIDlo=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoMQL2E3iHoRgl48RjAPSDZhdtJJhsw+mOlVw5L/8OJBEa/+izf/xkmyB00saCiquunu8iIpNNr2t5VZWV1b38hu5ra2d3b38vsHdR3GikONhzJUTY9pkCKAGgqU0IwUMN+T0PBGN1O/8QBKizC4x3EErs8GgegLztBInacintIryil0Epx08wW7ZM9Al4mTkgJJUe3mv9q9kMc+BMgl07rl2BG6CVMouIRJrh1riBgfsQG0DA2YD9pNZldP6IlRerQfKlMB0pn6eyJhvtZj3zOdPsOhXvSm4n9eK8b+pZuIIIoRAj5f1I8lxZBOI6A9oYCjHBvCuBLmVsqHTDGOJqicCcFZfHmZ1Msl57xUvjsrVK7TOLLkiByTInHIBamQW1IlNcKJIs/klbxZj9aL9W59zFszVjpzSP7A+vwB4HuReQ==</latexit>

x(t) = cet

1
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EDO’s: Nem sempre da pra resolver

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

<latexit sha1_base64="spz5N7bQ/IaqziKoSe8nP7r1fxc=">AAACAXicbVDJSgNBEK2JW4zbqBfBS2MQvBhmgqgXIejFYwSzQDIJPT09SZOehe4eSRjGi7/ixYMiXv0Lb/6NneWgiQ8KHu9VUVXPjTmTyrK+jdzS8srqWn69sLG5tb1j7u7VZZQIQmsk4pFoulhSzkJaU0xx2owFxYHLacMd3Iz9xgMVkkXhvRrF1AlwL2Q+I1hpqWsetH2BSeoNs9RTGbpCtJOeDjvlrGsWrZI1AVok9owUYYZq1/xqexFJAhoqwrGULduKlZNioRjhNCu0E0ljTAa4R1uahjig0kknH2ToWCse8iOhK1Roov6eSHEg5ShwdWeAVV/Oe2PxP6+VKP/SSVkYJ4qGZLrITzhSERrHgTwmKFF8pAkmgulbEeljHYnSoRV0CPb8y4ukXi7Z5yXr7qxYuZ7FkYdDOIITsOECKnALVagBgUd4hld4M56MF+Pd+Ji25ozZzD78gfH5AxzJlqk=</latexit>

dx

dt
= e�x2

Como saber se a solução do PVI existe?

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


EDO’s: Quando a solução existe?

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

x0 = 0

<latexit sha1_base64="yiV+eNuRq9uQVEBtay+Hk5CeDB4=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxC3ZRERN0IRTcuK9gHtKFMJpN26OTBzI20huCvuHGhiFv/w51/47TNQlsPXDiccy/33uPGgiuwrG+jsLS8srpWXC9tbG5t75i7e00VJZKyBo1EJNsuUUzwkDWAg2DtWDISuIK13OHNxG89MKl4FN7DOGZOQPoh9zkloKWeedD1JaGpN8pSDzJ8hf3K6KRnlq2qNQVeJHZOyihHvWd+db2IJgELgQqiVMe2YnBSIoFTwbJSN1EsJnRI+qyjaUgCppx0en2Gj7XiYT+SukLAU/X3REoCpcaBqzsDAgM1703E/7xOAv6lk/IwToCFdLbITwSGCE+iwB6XjIIYa0Ko5PpWTAdExwE6sJIOwZ5/eZE0T6v2edW6OyvXrvM4iugQHaEKstEFqqFbVEcNRNEjekav6M14Ml6Md+Nj1low8pl99AfG5w++h5TA</latexit>

dx

dt
= f(x)

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


EDO’s: um balde

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

h

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


EDO’s: um balde

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

Lei de Torriceli
<latexit sha1_base64="GJbWU4bD4/Jcd6K/0mlsj34ccxI=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBjSURUTdC0Y3LCvYBTSiTyaQdOnk4cyOUkI0bf8WNC0Xc+g/u/BunbRbaeuDC4Zx7ufceLxFcgWV9G6WFxaXllfJqZW19Y3PL3N5pqTiVlDVpLGLZ8YhigkesCRwE6ySSkdATrO0Nr8d++4FJxePoDkYJc0PSj3jAKQEt9cx9J5CEZv4gz3zI8SU+xkPsqHsJ2SDvmVWrZk2A54ldkCoq0OiZX44f0zRkEVBBlOraVgJuRiRwKlhecVLFEkKHpM+6mkYkZMrNJl/k+FArPg5iqSsCPFF/T2QkVGoUerozJDBQs95Y/M/rphBcuBmPkhRYRKeLglRgiPE4EuxzySiIkSaESq5vxXRAdCygg6voEOzZl+dJ66Rmn9Ws29Nq/aqIo4z20AE6QjY6R3V0gxqoiSh6RM/oFb0ZT8aL8W58TFtLRjGzi/7A+PwB5MqYLw==</latexit>

dh

dt
= �k

p
h

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


EDO’s: um balde

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

1hora t

h

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


EDO’s: um balde

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

1hora t

h

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


EDO’s: um balde

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

1hora t

h

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


EDO’s: um balde

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

1hora t
Nunca houve

h

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


EDO’s: Quantas Soluções

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

x0 = 0

<latexit sha1_base64="Y0wEqkxl7K/I+mXe94SVprT+/Z8=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqiQi6kYounFZwT6gCWUymbRDJw9nbqQlBDf+ihsXirj1K9z5N07bLLT1wIXDOfdy7z1eIrgCy/o2FhaXlldWS2vl9Y3NrW1zZ7ep4lRS1qCxiGXbI4oJHrEGcBCsnUhGQk+wlje4HvutByYVj6M7GCXMDUkv4gGnBLTUNfedQBKa+cM88yHHlxg76l5CNsy7ZsWqWhPgeWIXpIIK1Lvml+PHNA1ZBFQQpTq2lYCbEQmcCpaXnVSxhNAB6bGOphEJmXKzyQs5PtKKj4NY6ooAT9TfExkJlRqFnu4MCfTVrDcW//M6KQQXbsajJAUW0emiIBUYYjzOA/tcMgpipAmhkutbMe0TnQno1Mo6BHv25XnSPKnaZ1Xr9rRSuyriKKEDdIiOkY3OUQ3doDpqIIoe0TN6RW/Gk/FivBsf09YFo5jZQ39gfP4Ads+XeQ==</latexit>

dx

dt
=

p
x

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


EDO’s: Uma Solução

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

<latexit sha1_base64="uga3A2tyYCbpAg7I4SOOI/6XCZA=">AAAB/nicbVBNS8NAEN34WetXVDx5WSxCvZSkFPUiFL14rGA/oK1ls920SzebsDsRSwj4V7x4UMSrv8Ob/8Ztm4O2Phh4vDfDzDwvElyD43xbS8srq2vruY385tb2zq69t9/QYawoq9NQhKrlEc0El6wOHARrRYqRwBOs6Y2uJ37zgSnNQ3kH44h1AzKQ3OeUgJF69uFjEU7xJe74itAE7stpUklxzy44JWcKvEjcjBRQhlrP/ur0QxoHTAIVROu260TQTYgCTgVL851Ys4jQERmwtqGSBEx3k+n5KT4xSh/7oTIlAU/V3xMJCbQeB57pDAgM9bw3Ef/z2jH4F92EyygGJulskR8LDCGeZIH7XDEKYmwIoYqbWzEdEhMEmMTyJgR3/uVF0iiX3LOSc1spVK+yOHLoCB2jInLROaqiG1RDdURRgp7RK3qznqwX6936mLUuWdnMAfoD6/MHZBuUfA==</latexit>

x(t) =
t2

4

<latexit sha1_base64="WDcc5+baWUT9HnfzvF+UABVuQ/g=">AAAB+nicbVBNS8NAEN34WetXqkcvi0X0VJIi6kUoevFYwX5AG8pmu2mXbjZhd6KWmJ/ixYMiXv0l3vw3btsctPXBwOO9GWbm+bHgGhzn21paXlldWy9sFDe3tnd27dJeU0eJoqxBIxGptk80E1yyBnAQrB0rRkJfsJY/up74rXumNI/kHYxj5oVkIHnAKQEj9ezS4zG+xN1AEZpCllYz3LPLTsWZAi8SNydllKPes7+6/YgmIZNABdG64zoxeClRwKlgWbGbaBYTOiID1jFUkpBpL52enuEjo/RxEClTEvBU/T2RklDrceibzpDAUM97E/E/r5NAcOGlXMYJMElni4JEYIjwJAfc54pREGNDCFXc3IrpkJgYwKRVNCG48y8vkma14p5VnNvTcu0qj6OADtAhOkEuOkc1dIPqqIEoekDP6BW9WU/Wi/Vufcxal6x8Zh/9gfX5A+sskyQ=</latexit>

x0 =
t

2
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EDO’s: Uma Solução

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

<latexit sha1_base64="uga3A2tyYCbpAg7I4SOOI/6XCZA=">AAAB/nicbVBNS8NAEN34WetXVDx5WSxCvZSkFPUiFL14rGA/oK1ls920SzebsDsRSwj4V7x4UMSrv8Ob/8Ztm4O2Phh4vDfDzDwvElyD43xbS8srq2vruY385tb2zq69t9/QYawoq9NQhKrlEc0El6wOHARrRYqRwBOs6Y2uJ37zgSnNQ3kH44h1AzKQ3OeUgJF69uFjEU7xJe74itAE7stpUklxzy44JWcKvEjcjBRQhlrP/ur0QxoHTAIVROu260TQTYgCTgVL851Ys4jQERmwtqGSBEx3k+n5KT4xSh/7oTIlAU/V3xMJCbQeB57pDAgM9bw3Ef/z2jH4F92EyygGJulskR8LDCGeZIH7XDEKYmwIoYqbWzEdEhMEmMTyJgR3/uVF0iiX3LOSc1spVK+yOHLoCB2jInLROaqiG1RDdURRgp7RK3qznqwX6936mLUuWdnMAfoD6/MHZBuUfA==</latexit>

x(t) =
t2

4
<latexit sha1_base64="eqUP9cx+pSBmCItIeuFW6eLKpJM="></latexit>

x0 =

0

BB@
t2

4|{z}
x

1

CCA

1/2
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EDO’s: Outra Solução

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

<latexit sha1_base64="JEsOj5zJrCKupBTfsrlV4yVB8+I=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiJeyKqBch6MVjBPOAJITZyWwyZHZ2nekVw5Kf8OJBEa/+jjf/xkmyB00saCiquunu8mMpDLrut7O0vLK6tp7byG9ube/sFvb26yZKNOM1FslIN31quBSK11Cg5M1Ycxr6kjf84c3EbzxybUSk7nEU805I+0oEglG0UvOphCfkirjdQtEtu1OQReJlpAgZqt3CV7sXsSTkCpmkxrQ8N8ZOSjUKJvk4304Mjykb0j5vWapoyE0nnd47JsdW6ZEg0rYUkqn6eyKloTGj0LedIcWBmfcm4n9eK8HgspMKFSfIFZstChJJMCKT50lPaM5QjiyhTAt7K2EDqilDG1HehuDNv7xI6qdl77zs3p0VK9dZHDk4hCMogQcXUIFbqEINGEh4hld4cx6cF+fd+Zi1LjnZzAH8gfP5AyNjjrk=</latexit>

x(t) = 0

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


EDO’s: Solução

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

x0 = 0

<latexit sha1_base64="Y0wEqkxl7K/I+mXe94SVprT+/Z8=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqiQi6kYounFZwT6gCWUymbRDJw9nbqQlBDf+ihsXirj1K9z5N07bLLT1wIXDOfdy7z1eIrgCy/o2FhaXlldWS2vl9Y3NrW1zZ7ep4lRS1qCxiGXbI4oJHrEGcBCsnUhGQk+wlje4HvutByYVj6M7GCXMDUkv4gGnBLTUNfedQBKa+cM88yHHlxg76l5CNsy7ZsWqWhPgeWIXpIIK1Lvml+PHNA1ZBFQQpTq2lYCbEQmcCpaXnVSxhNAB6bGOphEJmXKzyQs5PtKKj4NY6ooAT9TfExkJlRqFnu4MCfTVrDcW//M6KQQXbsajJAUW0emiIBUYYjzOA/tcMgpipAmhkutbMe0TnQno1Mo6BHv25XnSPKnaZ1Xr9rRSuyriKKEDdIiOkY3OUQ3doDpqIIoe0TN6RW/Gk/FivBsf09YFo5jZQ39gfP4Ads+XeQ==</latexit>

dx

dt
=

p
x

t

x

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


EDO existência e unicidade

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

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


EDO existência e unicidade

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

diferenciável em 

<latexit sha1_base64="RhpeCtpXGTpGutoCnRW+Jnyvn/k=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5IUUTdC0Y3LCvYBbSiTyaQdOnkwcyOtIfgrblwo4tb/cOffOG2z0NYDFw7n3Mu997ix4Aos69tYWl5ZXVsvbBQ3t7Z3ds29/aaKEklZg0Yikm2XKCZ4yBrAQbB2LBkJXMFa7vBm4rcemFQ8Cu9hHDMnIP2Q+5wS0FLPPOz6ktDUG2WpBxm+wn55dNozS1bFmgIvEjsnJZSj3jO/ul5Ek4CFQAVRqmNbMTgpkcCpYFmxmygWEzokfdbRNCQBU046vT7DJ1rxsB9JXSHgqfp7IiWBUuPA1Z0BgYGa9ybif14nAf/SSXkYJ8BCOlvkJwJDhCdRYI9LRkGMNSFUcn0rpgOi4wAdWFGHYM+/vEia1Yp9XqnenZVq13kcBXSEjlEZ2egC1dAtqqMGougRPaNX9GY8GS/Gu/Exa10y8pkD9AfG5w+/K5TC</latexit>

dx

dt
= f(x)

<latexit sha1_base64="rhs4hdlZhi5KMpDo4e946jeBJew=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qnn9kplt+LOQJaJl5My5Kj3Sl/dfszSiCtkkhrT8dwE/YxqFEzySbGbGp5QNqID3rFU0YgbP5udOiGnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6d+kLzRnKMeWUKaFvZWwIdWUoU2naEPwFl9eJs1qxbuoVO/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEMdo2m</latexit>x0

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


EDO’s: Quantas Soluções

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

x0 = 0

<latexit sha1_base64="Y0wEqkxl7K/I+mXe94SVprT+/Z8=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqiQi6kYounFZwT6gCWUymbRDJw9nbqQlBDf+ihsXirj1K9z5N07bLLT1wIXDOfdy7z1eIrgCy/o2FhaXlldWS2vl9Y3NrW1zZ7ep4lRS1qCxiGXbI4oJHrEGcBCsnUhGQk+wlje4HvutByYVj6M7GCXMDUkv4gGnBLTUNfedQBKa+cM88yHHlxg76l5CNsy7ZsWqWhPgeWIXpIIK1Lvml+PHNA1ZBFQQpTq2lYCbEQmcCpaXnVSxhNAB6bGOphEJmXKzyQs5PtKKj4NY6ooAT9TfExkJlRqFnu4MCfTVrDcW//M6KQQXbsajJAUW0emiIBUYYjzOA/tcMgpipAmhkutbMe0TnQno1Mo6BHv25XnSPKnaZ1Xr9rRSuyriKKEDdIiOkY3OUQ3doDpqIIoe0TN6RW/Gk/FivBsf09YFo5jZQ39gfP4Ads+XeQ==</latexit>

dx

dt
=

p
x

<latexit sha1_base64="Ir9C9zVSTvLJL9rhFqHf+qJ0qKY=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEI9VISEfUiFL14rGA/oA1ls920SzebuLuR1tBf4sWDIl79Kd78N27bHLT1wcDjvRlm5vkxZ0o7zreVW1ldW9/Ibxa2tnd2i/befkNFiSS0TiIeyZaPFeVM0LpmmtNWLCkOfU6b/vBm6jcfqVQsEvd6HFMvxH3BAkawNlLXLgbl0Qm6Qh31IHU6mnTtklNxZkDLxM1ICTLUuvZXpxeRJKRCE46VartOrL0US80Ip5NCJ1E0xmSI+7RtqMAhVV46O3yCjo3SQ0EkTQmNZurviRSHSo1D33SGWA/UojcV//PaiQ4uvZSJONFUkPmiIOFIR2iaAuoxSYnmY0MwkczcisgAS0y0yapgQnAXX14mjdOKe15x7s5K1essjjwcwhGUwYULqMIt1KAOBBJ4hld4s56sF+vd+pi35qxs5gD+wPr8Acbhkog=</latexit>

f(x) =
p
x

<latexit sha1_base64="l9H0YcoJwoSV5ZnwMEYI3NNChnQ=">AAACDnicbZDLSsNAFIYn9VbrLerSzWAp1k1JiqgboejGZQV7gSaUyXTSDp1M4sxEWkKewI2v4saFIm5du/NtnLZBtPWHgY//nMOZ83sRo1JZ1peRW1peWV3Lrxc2Nre2d8zdvaYMY4FJA4csFG0PScIoJw1FFSPtSBAUeIy0vOHVpN66J0LSkN+qcUTcAPU59SlGSltds+QflUfH8AI6vkA4sdOkmv6gI++ESkZp2jWLVsWaCi6CnUERZKp3zU+nF+I4IFxhhqTs2Fak3AQJRTEjacGJJYkQHqI+6WjkKCDSTabnpLCknR70Q6EfV3Dq/p5IUCDlOPB0Z4DUQM7XJuZ/tU6s/HM3oTyKFeF4tsiPGVQhnGQDe1QQrNhYA8KC6r9CPEA6DKUTLOgQ7PmTF6FZrdinFevmpFi7zOLIgwNwCMrABmegBq5BHTQABg/gCbyAV+PReDbejPdZa87IZvbBHxkf36rLm+8=</latexit>

f 0(x) =
1

2

1p
x

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

