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Solução Geral

Considere a EDO

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>

0

Relembrando que duas soluções LI 

geram todas soluções da EDO

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


Equação característica

Considere a EDO

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>

0

A equação característica é

�2 + a�+ b = 0

<latexit sha1_base64="ElIVKPj+yjyN3LWUxIzvRL1zFXo=">AAACBHicbVDLSgMxFM34rPU16rKbYBEEocyUgm6EggtdVrAPaMdyJ5NpQzOZIckIZejCjb/ixoUibv0Id/6NaTsLbT0QODnnXJJ7/IQzpR3n21pZXVvf2CxsFbd3dvf27YPDlopTSWiTxDyWHR8U5UzQpmaa004iKUQ+p21/dDX12w9UKhaLOz1OqBfBQLCQEdBG6tulHjfhAO6r+AwDzm+G+5dO3y47FWcGvEzcnJRRjkbf/uoFMUkjKjThoFTXdRLtZSA1I5xOir1U0QTICAa0a6iAiCovmy0xwSdGCXAYS3OExjP190QGkVLjyDfJCPRQLXpT8T+vm+rwwsuYSFJNBZk/FKYc6xhPG8EBk5RoPjYEiGTmr5gMQQLRpreiKcFdXHmZtKoVt1ap3dbK9eu8jgIqoWN0ilx0juroBjVQExH0iJ7RK3qznqwX6936mEdXrHzmCP2B9fkDSyOV9Q==</latexit>

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


Equação característica

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

A equação característica é

�2 + a�+ b = 0

<latexit sha1_base64="ElIVKPj+yjyN3LWUxIzvRL1zFXo=">AAACBHicbVDLSgMxFM34rPU16rKbYBEEocyUgm6EggtdVrAPaMdyJ5NpQzOZIckIZejCjb/ixoUibv0Id/6NaTsLbT0QODnnXJJ7/IQzpR3n21pZXVvf2CxsFbd3dvf27YPDlopTSWiTxDyWHR8U5UzQpmaa004iKUQ+p21/dDX12w9UKhaLOz1OqBfBQLCQEdBG6tulHjfhAO6r+AwDzm+G+5dO3y47FWcGvEzcnJRRjkbf/uoFMUkjKjThoFTXdRLtZSA1I5xOir1U0QTICAa0a6iAiCovmy0xwSdGCXAYS3OExjP190QGkVLjyDfJCPRQLXpT8T+vm+rwwsuYSFJNBZk/FKYc6xhPG8EBk5RoPjYEiGTmr5gMQQLRpreiKcFdXHmZtKoVt1ap3dbK9eu8jgIqoWN0ilx0juroBjVQExH0iJ7RK3qznqwX6936mEdXrHzmCP2B9fkDSyOV9Q==</latexit>

�1

<latexit sha1_base64="E4hPWYhVyayIP5TVcJsdT+DsSE8=">AAAB8HicbVDLSgMxFL3js9ZX1aWbYBFclRkp6LLgQpcV7EPaoWQymTY0jyHJCGXoV7hxoYhbP8edf2PazkJbDwQO55xL7j1Rypmxvv/tra1vbG5tl3bKu3v7B4eVo+O2UZkmtEUUV7obYUM5k7RlmeW0m2qKRcRpJxrfzPzOE9WGKflgJykNBR5KljCCrZMe+9xFYzwIBpWqX/PnQKskKEgVCjQHla9+rEgmqLSEY2N6gZ/aMMfaMsLptNzPDE0xGeMh7TkqsaAmzOcLT9G5U2KUKO2etGiu/p7IsTBmIiKXFNiOzLI3E//zeplNrsOcyTSzVJLFR0nGkVVodj2KmabE8okjmGjmdkVkhDUm1nVUdiUEyyevkvZlLajX6vf1auO2qKMEp3AGFxDAFTTgDprQAgICnuEV3jztvXjv3sciuuYVMyfwB97nD2qWkC0=</latexit>

�2

<latexit sha1_base64="0Rt6UxCmwc3H7ZiegUm3bg/PaXk=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyUgi4LLnRZwT6kHUomk2lDk8yQZIQy9CvcuFDErZ/jzr8xnc5CWw8EDuecS+49QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gerPwe09UaRbLBzNLqC/wWLKIEWys9DjkNhriUWNUrbl1NwdaJ15BalCgPap+DcOYpIJKQzjWeuC5ifEzrAwjnM4rw1TTBJMpHtOBpRILqv0sX3iOLqwSoihW9kmDcvX3RIaF1jMR2KTAZqJXvYX4nzdITXTtZ0wmqaGSLD+KUo5MjBbXo5ApSgyfWYKJYnZXRCZYYWJsRxVbgrd68jrpNupes968b9Zat0UdZTiDc7gED66gBXfQhg4QEPAMr/DmKOfFeXc+ltGSU8ycwh84nz9sGpAu</latexit>

6=

<latexit sha1_base64="Y07p5tHpLYQruK6QGf6QPBdEm/A=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexKQC9CwIMeI5gHJCHMTmaTMbMzy0yvEJb8gxcPinj1f7z5N04eB00saCiquunuChMpLPr+t5dbW9/Y3MpvF3Z29/YPiodHDatTw3idaalNK6SWS6F4HQVK3koMp3EoeTMc3Uz95hM3Vmj1gOOEd2M6UCISjKKTGh2lkVz3iiW/7M9AVkmwICVYoNYrfnX6mqUxV8gktbYd+Al2M2pQMMknhU5qeULZiA5421FFY2672ezaCTlzSp9E2rhSSGbq74mMxtaO49B1xhSHdtmbiv957RSjq24mVJIiV2y+KEolQU2mr5O+MJyhHDtCmRHuVsKG1FCGLqCCCyFYfnmVNC7KQaVcua+UqreLOPJwAqdwDgFcQhXuoAZ1YPAIz/AKb572Xrx372PemvMWM8fwB97nDwnljsw=</latexit>

Solução

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


Equação característica

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

Mas se as raízes são complexas? 

�1

<latexit sha1_base64="E4hPWYhVyayIP5TVcJsdT+DsSE8=">AAAB8HicbVDLSgMxFL3js9ZX1aWbYBFclRkp6LLgQpcV7EPaoWQymTY0jyHJCGXoV7hxoYhbP8edf2PazkJbDwQO55xL7j1Rypmxvv/tra1vbG5tl3bKu3v7B4eVo+O2UZkmtEUUV7obYUM5k7RlmeW0m2qKRcRpJxrfzPzOE9WGKflgJykNBR5KljCCrZMe+9xFYzwIBpWqX/PnQKskKEgVCjQHla9+rEgmqLSEY2N6gZ/aMMfaMsLptNzPDE0xGeMh7TkqsaAmzOcLT9G5U2KUKO2etGiu/p7IsTBmIiKXFNiOzLI3E//zeplNrsOcyTSzVJLFR0nGkVVodj2KmabE8okjmGjmdkVkhDUm1nVUdiUEyyevkvZlLajX6vf1auO2qKMEp3AGFxDAFTTgDprQAgICnuEV3jztvXjv3sciuuYVMyfwB97nD2qWkC0=</latexit>

�2

<latexit sha1_base64="0Rt6UxCmwc3H7ZiegUm3bg/PaXk=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyUgi4LLnRZwT6kHUomk2lDk8yQZIQy9CvcuFDErZ/jzr8xnc5CWw8EDuecS+49QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gerPwe09UaRbLBzNLqC/wWLKIEWys9DjkNhriUWNUrbl1NwdaJ15BalCgPap+DcOYpIJKQzjWeuC5ifEzrAwjnM4rw1TTBJMpHtOBpRILqv0sX3iOLqwSoihW9kmDcvX3RIaF1jMR2KTAZqJXvYX4nzdITXTtZ0wmqaGSLD+KUo5MjBbXo5ApSgyfWYKJYnZXRCZYYWJsRxVbgrd68jrpNupes968b9Zat0UdZTiDc7gED66gBXfQhg4QEPAMr/DmKOfFeXc+ltGSU8ycwh84nz9sGpAu</latexit>

6=

<latexit sha1_base64="Y07p5tHpLYQruK6QGf6QPBdEm/A=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexKQC9CwIMeI5gHJCHMTmaTMbMzy0yvEJb8gxcPinj1f7z5N04eB00saCiquunuChMpLPr+t5dbW9/Y3MpvF3Z29/YPiodHDatTw3idaalNK6SWS6F4HQVK3koMp3EoeTMc3Uz95hM3Vmj1gOOEd2M6UCISjKKTGh2lkVz3iiW/7M9AVkmwICVYoNYrfnX6mqUxV8gktbYd+Al2M2pQMMknhU5qeULZiA5421FFY2672ezaCTlzSp9E2rhSSGbq74mMxtaO49B1xhSHdtmbiv957RSjq24mVJIiV2y+KEolQU2mr5O+MJyhHDtCmRHuVsKG1FCGLqCCCyFYfnmVNC7KQaVcua+UqreLOPJwAqdwDgFcQhXuoAZ1YPAIz/AKb572Xrx372PemvMWM8fwB97nDwnljsw=</latexit>

Relembrando
�1 = r + i!

<latexit sha1_base64="wWZuJW4bQqBiIG2bQg4JDhUkT2w=">AAACAXicbVDLSgMxFM34rPU16kZwEyyCIJQZKehGKLjQZQX7gM4wZDJpG5rHkGSEMtSNv+LGhSJu/Qt3/o1pOwttPRA4nHMuN/fEKaPaeN63s7S8srq2Xtoob25t7+y6e/stLTOFSRNLJlUnRpowKkjTUMNIJ1UE8ZiRdjy8nvjtB6I0leLejFISctQXtEcxMlaK3MOA2XCCIh9eQQXPIIWB5KSPIrfiVb0p4CLxC1IBBRqR+xUkEmecCIMZ0rrre6kJc6QMxYyMy0GmSYrwEPVJ11KBONFhPr1gDE+sksCeVPYJA6fq74kcca1HPLZJjsxAz3sT8T+vm5neZZhTkWaGCDxb1MsYNBJO6oAJVQQbNrIEYUXtXyEeIIWwsaWVbQn+/MmLpHVe9WvV2l2tUr8p6iiBI3AMToEPLkAd3IIGaAIMHsEzeAVvzpPz4rw7H7PoklPMHIA/cD5/ANZLlTw=</latexit>

�2 = r � i!

<latexit sha1_base64="undwPyfc2sPh35FNFBhPdACbiwc=">AAACAXicbVDLSgMxFM3UV62vUTeCm2AR3FhmSkE3QsGFLivYB3SGIZPJtKFJZkgyQhnqxl9x40IRt/6FO//GtJ2Fth4IHM45l5t7wpRRpR3n2yqtrK6tb5Q3K1vbO7t79v5BRyWZxKSNE5bIXogUYVSQtqaakV4qCeIhI91wdD31uw9EKpqIez1Oic/RQNCYYqSNFNhHHjPhCAV1eAUlPIcUegknAxTYVafmzACXiVuQKijQCuwvL0pwxonQmCGl+q6Taj9HUlPMyKTiZYqkCI/QgPQNFYgT5eezCybw1CgRjBNpntBwpv6eyBFXasxDk+RID9WiNxX/8/qZji/9nIo000Tg+aI4Y1AncFoHjKgkWLOxIQhLav4K8RBJhLUprWJKcBdPXiades1t1Bp3jWrzpqijDI7BCTgDLrgATXALWqANMHgEz+AVvFlP1ov1bn3MoyWrmDkEf2B9/gDa+JU/</latexit>

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


Equação característica

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

Mas se as raízes são complexas? 

�1

<latexit sha1_base64="E4hPWYhVyayIP5TVcJsdT+DsSE8=">AAAB8HicbVDLSgMxFL3js9ZX1aWbYBFclRkp6LLgQpcV7EPaoWQymTY0jyHJCGXoV7hxoYhbP8edf2PazkJbDwQO55xL7j1Rypmxvv/tra1vbG5tl3bKu3v7B4eVo+O2UZkmtEUUV7obYUM5k7RlmeW0m2qKRcRpJxrfzPzOE9WGKflgJykNBR5KljCCrZMe+9xFYzwIBpWqX/PnQKskKEgVCjQHla9+rEgmqLSEY2N6gZ/aMMfaMsLptNzPDE0xGeMh7TkqsaAmzOcLT9G5U2KUKO2etGiu/p7IsTBmIiKXFNiOzLI3E//zeplNrsOcyTSzVJLFR0nGkVVodj2KmabE8okjmGjmdkVkhDUm1nVUdiUEyyevkvZlLajX6vf1auO2qKMEp3AGFxDAFTTgDprQAgICnuEV3jztvXjv3sciuuYVMyfwB97nD2qWkC0=</latexit>

�2

<latexit sha1_base64="0Rt6UxCmwc3H7ZiegUm3bg/PaXk=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyUgi4LLnRZwT6kHUomk2lDk8yQZIQy9CvcuFDErZ/jzr8xnc5CWw8EDuecS+49QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gerPwe09UaRbLBzNLqC/wWLKIEWys9DjkNhriUWNUrbl1NwdaJ15BalCgPap+DcOYpIJKQzjWeuC5ifEzrAwjnM4rw1TTBJMpHtOBpRILqv0sX3iOLqwSoihW9kmDcvX3RIaF1jMR2KTAZqJXvYX4nzdITXTtZ0wmqaGSLD+KUo5MjBbXo5ApSgyfWYKJYnZXRCZYYWJsRxVbgrd68jrpNupes968b9Zat0UdZTiDc7gED66gBXfQhg4QEPAMr/DmKOfFeXc+ltGSU8ycwh84nz9sGpAu</latexit>

6=

<latexit sha1_base64="Y07p5tHpLYQruK6QGf6QPBdEm/A=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexKQC9CwIMeI5gHJCHMTmaTMbMzy0yvEJb8gxcPinj1f7z5N04eB00saCiquunuChMpLPr+t5dbW9/Y3MpvF3Z29/YPiodHDatTw3idaalNK6SWS6F4HQVK3koMp3EoeTMc3Uz95hM3Vmj1gOOEd2M6UCISjKKTGh2lkVz3iiW/7M9AVkmwICVYoNYrfnX6mqUxV8gktbYd+Al2M2pQMMknhU5qeULZiA5421FFY2672ezaCTlzSp9E2rhSSGbq74mMxtaO49B1xhSHdtmbiv957RSjq24mVJIiV2y+KEolQU2mr5O+MJyhHDtCmRHuVsKG1FCGLqCCCyFYfnmVNC7KQaVcua+UqreLOPJwAqdwDgFcQhXuoAZ1YPAIz/AKb572Xrx372PemvMWM8fwB97nDwnljsw=</latexit>

Relembrando
�1 = r + i!

<latexit sha1_base64="wWZuJW4bQqBiIG2bQg4JDhUkT2w=">AAACAXicbVDLSgMxFM34rPU16kZwEyyCIJQZKehGKLjQZQX7gM4wZDJpG5rHkGSEMtSNv+LGhSJu/Qt3/o1pOwttPRA4nHMuN/fEKaPaeN63s7S8srq2Xtoob25t7+y6e/stLTOFSRNLJlUnRpowKkjTUMNIJ1UE8ZiRdjy8nvjtB6I0leLejFISctQXtEcxMlaK3MOA2XCCIh9eQQXPIIWB5KSPIrfiVb0p4CLxC1IBBRqR+xUkEmecCIMZ0rrre6kJc6QMxYyMy0GmSYrwEPVJ11KBONFhPr1gDE+sksCeVPYJA6fq74kcca1HPLZJjsxAz3sT8T+vm5neZZhTkWaGCDxb1MsYNBJO6oAJVQQbNrIEYUXtXyEeIIWwsaWVbQn+/MmLpHVe9WvV2l2tUr8p6iiBI3AMToEPLkAd3IIGaAIMHsEzeAVvzpPz4rw7H7PoklPMHIA/cD5/ANZLlTw=</latexit>

�2 = r � i!

<latexit sha1_base64="undwPyfc2sPh35FNFBhPdACbiwc=">AAACAXicbVDLSgMxFM3UV62vUTeCm2AR3FhmSkE3QsGFLivYB3SGIZPJtKFJZkgyQhnqxl9x40IRt/6FO//GtJ2Fth4IHM45l5t7wpRRpR3n2yqtrK6tb5Q3K1vbO7t79v5BRyWZxKSNE5bIXogUYVSQtqaakV4qCeIhI91wdD31uw9EKpqIez1Oic/RQNCYYqSNFNhHHjPhCAV1eAUlPIcUegknAxTYVafmzACXiVuQKijQCuwvL0pwxonQmCGl+q6Taj9HUlPMyKTiZYqkCI/QgPQNFYgT5eezCybw1CgRjBNpntBwpv6eyBFXasxDk+RID9WiNxX/8/qZji/9nIo000Tg+aI4Y1AncFoHjKgkWLOxIQhLav4K8RBJhLUprWJKcBdPXiades1t1Bp3jWrzpqijDI7BCTgDLrgATXALWqANMHgEz+AVvFlP1ov1bn3MoyWrmDkEf2B9/gDa+JU/</latexit>

) z = e�1t

<latexit sha1_base64="theMONmHB/WZwrq+Kp/EgULL+Ms=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWDgbBKuxKQBshYKFlFPOAZF1mZ2eTIbMPZu4qcUlp46/YWChi6yfY+TdOki008cDA4Zx7uHOPlwiuwLK+jcLC4tLySnG1tLa+sbllbu80VZxKyho0FrFse0QxwSPWAA6CtRPJSOgJ1vIG52O/dcek4nF0A8OEOSHpRTzglICWXHO/e817fSBSxvf4AZ9hdpt1hc77xLUxjFyzbFWsCfA8sXNSRjnqrvnV9WOahiwCKohSHdtKwMmIBE4FG5W6qWIJoQPSYx1NIxIy5WSTQ0b4UCs+DmKpXwR4ov5OZCRUahh6ejIk0Fez3lj8z+ukEJw6GY+SFFhEp4uCVGCI8bgV7HPJKIihJoRKrv+KaZ9IQkF3V9Il2LMnz5PmccWuVqpX1XLtIq+jiPbQATpCNjpBNXSJ6qiBKHpEz+gVvRlPxovxbnxMRwtGntlFf2B8/gCxZJkl</latexit>

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


Solução Complexa

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

A parte Re da solução não conversa com a Im

Se temos uma solução complexa

z = x  + i y

Uma sol complexa Duas reais

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


Formula de Euler

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

ei✓ = cos ✓ + i sin ✓

<latexit sha1_base64="lOv5r7IM83LiF2eXl26yZKS/tt0=">AAACFXicbVBNSwMxEM3Wr1q/qh69BIsgKGVXCnoRCh70WMHWQltLNp22odnskswKZemf8OJf8eJBEa+CN/+NabuCtj4YeHlvhsw8P5LCoOt+OZmFxaXllexqbm19Y3Mrv71TM2GsOVR5KENd95kBKRRUUaCEeqSBBb6EW39wMfZv70EbEaobHEbQClhPia7gDK3Uzh/DXSJoE/uAjI4oPadNHpof4YhazwiVvtv5glt0J6DzxEtJgaSotPOfzU7I4wAUcsmMaXhuhK2EaRRcwijXjA1EjA9YDxqWKhaAaSWTq0b0wCod2g21LYV0ov6eSFhgzDDwbWfAsG9mvbH4n9eIsXvWSoSKYgTFpx91Y0kxpOOIaEdo4CiHljCuhd2V8j7TjKMNMmdD8GZPnie1k6JXKpauS4XyZRpHluyRfXJIPHJKyuSKVEiVcPJAnsgLeXUenWfnzXmftmacdGaX/IHz8Q2eBJ1B</latexit>

Relembrando

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


Formula de Euler

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

ei✓ = cos ✓ + i sin ✓

<latexit sha1_base64="lOv5r7IM83LiF2eXl26yZKS/tt0=">AAACFXicbVBNSwMxEM3Wr1q/qh69BIsgKGVXCnoRCh70WMHWQltLNp22odnskswKZemf8OJf8eJBEa+CN/+NabuCtj4YeHlvhsw8P5LCoOt+OZmFxaXllexqbm19Y3Mrv71TM2GsOVR5KENd95kBKRRUUaCEeqSBBb6EW39wMfZv70EbEaobHEbQClhPia7gDK3Uzh/DXSJoE/uAjI4oPadNHpof4YhazwiVvtv5glt0J6DzxEtJgaSotPOfzU7I4wAUcsmMaXhuhK2EaRRcwijXjA1EjA9YDxqWKhaAaSWTq0b0wCod2g21LYV0ov6eSFhgzDDwbWfAsG9mvbH4n9eIsXvWSoSKYgTFpx91Y0kxpOOIaEdo4CiHljCuhd2V8j7TjKMNMmdD8GZPnie1k6JXKpauS4XyZRpHluyRfXJIPHJKyuSKVEiVcPJAnsgLeXUenWfnzXmftmacdGaX/IHz8Q2eBJ1B</latexit>

Relembrando

No nosso caso

e�1t = e(r+i!)t

<latexit sha1_base64="LkkXtRFv7h+o0Une8X7qb+EEDYM=">AAACEXicbVDLSsNAFJ34rPUVdelmsAgVoSRS0I1QcKHLCvYBTQyTyU07dPJgZiKU0F9w46+4caGIW3fu/BunbRbaemDgcM653LnHTzmTyrK+jaXlldW19dJGeXNre2fX3NtvyyQTFFo04Yno+kQCZzG0FFMcuqkAEvkcOv7wauJ3HkBIlsR3apSCG5F+zEJGidKSZ1bhPne4zgfEs7EaY3yJtVQV+BQz7CQR9Ak+0YZnVqyaNQVeJHZBKqhA0zO/nCChWQSxopxI2bOtVLk5EYpRDuOyk0lICR2SPvQ0jUkE0s2nF43xsVYCHCZCv1jhqfp7IieRlKPI18mIqIGc9ybif14vU+GFm7M4zRTEdLYozDhWCZ7UgwMmgCo+0oRQwfRfMR0QQajSJZZ1Cfb8yYukfVaz67X6bb3SuC7qKKFDdISqyEbnqIFuUBO1EEWP6Bm9ojfjyXgx3o2PWXTJKGYO0B8Ynz+xx5sL</latexit>

= ertei!t

<latexit sha1_base64="KNeSeRE6+UbNpUKbC/ehGn179Ac=">AAACAXicbVA9SwNBEN3zM8avqI1gsxgEq3AnAW2EgIWWEcwHJDHsbSbJkr29Y3dOCMfZ+FdsLBSx9V/Y+W/cJFdo4oNhHu/NsDvPj6Qw6LrfztLyyuraem4jv7m1vbNb2NuvmzDWHGo8lKFu+syAFApqKFBCM9LAAl9Cwx9dTfzGA2gjQnWH4wg6ARso0RecoZW6hUN6SeE+0ZhOmqDtMIABo5h2C0W35E5BF4mXkSLJUO0Wvtq9kMcBKOSSGdPy3Ag7CdMouIQ0344NRIyP2ABalioWgOkk0wtSemKVHu2H2pZCOlV/byQsMGYc+HYyYDg0895E/M9rxdi/6CRCRTGC4rOH+rGkGNJJHLQnNHCUY0sY18L+lfIh04yjDS1vQ/DmT14k9bOSVy6Vb8vFynUWR44ckWNySjxyTirkhlRJjXDySJ7JK3lznpwX5935mI0uOdnOAfkD5/MHNuOWIg==</latexit>

= ert cos!t+ iert sin!t

<latexit sha1_base64="fn4t3/6UZdtnP+C8ni1bbQj+DGE=">AAACG3icbZBNSwMxEIazflu/qh69DBZBEMquFPQiCB70WMFWoa0lm05rMJssyaxQlv4PL/4VLx4U8SR48N+Y1iJ+DQRe3meGybxxqqSjMHwPJianpmdm5+YLC4tLyyvF1bW6M5kVWBNGGXsRc4dKaqyRJIUXqUWexArP4+ujIT+/Qeuk0WfUT7GV8J6WXSk4eatd3IUDwMvc0gCawjhomgR7HAh2AOSIwBA5qb9Qu1gKy+Go4K+IxqLExlVtF1+bHSOyBDUJxZ1rRGFKrZxbkkLhoNDMHKZcXPMeNrzUPEHXyke3DWDLOx3oGuufJhi53ydynjjXT2LfmXC6cr/Z0PyPNTLq7rdyqdOMUIvPRd1MARkYBgUdaVGQ6nvBhZX+ryCuuOWCfJwFH0L0++S/or5bjirlymmldHg8jmOObbBNts0itscO2QmrshoT7Jbds0f2FNwFD8Fz8PLZOhGMZ9bZjwrePgCg9Z9X</latexit>

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


Exemplo

Considere o PVI

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

x

00 + 4x0 + 5x = 0

<latexit sha1_base64="UV4PN5ROiUOn+5ku2cn+9K2A2oo=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQhTIjI7oRCi50WcE+oB1LJs20oUlmSDLSMvQf3Pgrblwo4taNO//GTFtEWw+EnJxzLzf3BDGjSjvOl5VbWFxaXsmvFtbWNza37O2dmooSiUkVRyySjQApwqggVU01I41YEsQDRupB/zLz6/dEKhqJWz2Mic9RV9CQYqSN1LaPBndpK5aUEzi5RvAYevBHzZ6ncAAvoNO2i07JGQPOE3dKimCKStv+bHUinHAiNGZIqabrxNpPkdQUMzIqtBJFYoT7qEuahgrEifLT8U4jeGCUDgwjaY7QcKz+7kgRV2rIA1PJke6pWS8T//OaiQ7P/ZSKONFE4MmgMGFQRzALCHaoJFizoSEIS2r+CnEPSYS1ibFgQnBnV54ntZOS65W8G69YvprGkQd7YB8cAhecgTK4BhVQBRg8gCfwAl6tR+vZerPeJ6U5a9qzC/7A+vgGwKucJg==</latexit>

x(0) = 1

<latexit sha1_base64="zmt/2J2GORyVwzRS5ARZMKJsAU4=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiJexKQC9CwIMeI5gHJCHMTnqTIbOz68ysGJb8hBcPinj1d7z5N06SPWhiQUNR1U13lx8Lro3rfjsrq2vrG5u5rfz2zu7efuHgsKGjRDGss0hEquVTjYJLrBtuBLZihTT0BTb90fXUbz6i0jyS92YcYzekA8kDzqixUuup5J6RK+L1CkW37M5AlomXkSJkqPUKX51+xJIQpWGCat323Nh0U6oMZwIn+U6iMaZsRAfYtlTSEHU3nd07IadW6ZMgUrakITP190RKQ63HoW87Q2qGetGbiv957cQEl92UyzgxKNl8UZAIYiIyfZ70uUJmxNgSyhS3txI2pIoyYyPK2xC8xZeXSeO87FXKlbtKsXqTxZGDYziBEnhwAVW4hRrUgYGAZ3iFN+fBeXHenY9564qTzRzBHzifP76Vjn0=</latexit>

x

0(0) = 0

<latexit sha1_base64="sp2SCAJAglO+iyYhwX3z8f/4ei4=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSxCvZRECnoRCh70WMF+QBvLZrtpl242YXejltif4sWDIl79Jd78N27bHLT1wcDjvRlm5vkxZ0o7zreVW1ldW9/Ibxa2tnd29+ziflNFiSS0QSIeybaPFeVM0IZmmtN2LCkOfU5b/uhy6rfuqVQsErd6HFMvxAPBAkawNlLPLj7epd1YspBOys4JukBOzy45FWcGtEzcjJQgQ71nf3X7EUlCKjThWKmO68TaS7HUjHA6KXQTRWNMRnhAO4YKHFLlpbPTJ+jYKH0URNKU0Gim/p5IcajUOPRNZ4j1UC16U/E/r5Po4NxLmYgTTQWZLwoSjnSEpjmgPpOUaD42BBPJzK2IDLHERJu0CiYEd/HlZdI8rbjVSvWmWqpdZXHk4RCOoAwunEENrqEODSDwAM/wCm/Wk/VivVsf89aclc0cwB9Ynz91ypLW</latexit>

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


Exemplo

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

A equação característica é

x

00 + 4x0 + 5x = 0

<latexit sha1_base64="UV4PN5ROiUOn+5ku2cn+9K2A2oo=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQhTIjI7oRCi50WcE+oB1LJs20oUlmSDLSMvQf3Pgrblwo4taNO//GTFtEWw+EnJxzLzf3BDGjSjvOl5VbWFxaXsmvFtbWNza37O2dmooSiUkVRyySjQApwqggVU01I41YEsQDRupB/zLz6/dEKhqJWz2Mic9RV9CQYqSN1LaPBndpK5aUEzi5RvAYevBHzZ6ncAAvoNO2i07JGQPOE3dKimCKStv+bHUinHAiNGZIqabrxNpPkdQUMzIqtBJFYoT7qEuahgrEifLT8U4jeGCUDgwjaY7QcKz+7kgRV2rIA1PJke6pWS8T//OaiQ7P/ZSKONFE4MmgMGFQRzALCHaoJFizoSEIS2r+CnEPSYS1ibFgQnBnV54ntZOS65W8G69YvprGkQd7YB8cAhecgTK4BhVQBRg8gCfwAl6tR+vZerPeJ6U5a9qzC/7A+vgGwKucJg==</latexit>

�2 + 4�+ 5 = 0

<latexit sha1_base64="Fkt476NuVDjm76pyQyhZrAUszJg=">AAACB3icbVDLSgMxFL1TX7W+Rl0KEiyCIJSZMqIboeBClxXsA9qxZDKZNjTzIMkIZejOjb/ixoUibv0Fd/6NaTsLbT0QODnnXJJ7vIQzqSzr2ygsLa+srhXXSxubW9s75u5eU8apILRBYh6Ltocl5SyiDcUUp+1EUBx6nLa84dXEbz1QIVkc3alRQt0Q9yMWMIKVlnrmYZfrsI/vq+gUOSi/aX6G0CWyembZqlhToEVi56QMOeo986vrxyQNaaQIx1J2bCtRboaFYoTTcambSppgMsR92tE0wiGVbjbdY4yOteKjIBb6RApN1d8TGQ6lHIWeToZYDeS8NxH/8zqpCi7cjEVJqmhEZg8FKUcqRpNSkM8EJYqPNMFEMP1XRAZYYKJ0dSVdgj2/8iJpViu2U3FunXLtOq+jCAdwBCdgwznU4Abq0AACj/AMr/BmPBkvxrvxMYsWjHxmH/7A+PwB2I6WGQ==</latexit>

�1 = �2 + i

<latexit sha1_base64="QQuE4LaObINsnM25lDHgOw53DYM=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBZBEEtSCroRCi50WcE+oA1hMpm0QycPZiZCCPVX3LhQxK0f4s6/cdpmoa0HBg7nnMu9c7yEM6ks69sora1vbG6Vtys7u3v7B+bhUVfGqSC0Q2Iei76HJeUsoh3FFKf9RFAcepz2vMnNzO89UiFZHD2oLKFOiEcRCxjBSkuuWR1yHfaxa6NrdIEa6Bwx16xZdWsOtErsgtSgQNs1v4Z+TNKQRopwLOXAthLl5FgoRjidVoappAkmEzyiA00jHFLp5PPjp+hUKz4KYqFfpNBc/T2R41DKLPR0MsRqLJe9mfifN0hVcOXkLEpSRSOyWBSkHKkYzZpAPhOUKJ5pgolg+lZExlhgonRfFV2CvfzlVdJt1O1mvXnfrLVuizrKcAwncAY2XEIL7qANHSCQwTO8wpvxZLwY78bHIloyipkq/IHx+QM8apKS</latexit>

�1 = �2� i

<latexit sha1_base64="RoXVH5ecUF94P61c6AKOXOc8jmw=">AAAB/HicbVDLSsNAFL3xWesr2qWbwSK4sSSloBuh4EKXFewD2hAmk0k7dDIJMxOhhPorblwo4tYPceffOG2z0NYDFw7nnMvcOUHKmdKO822trW9sbm2Xdsq7e/sHh/bRcUclmSS0TRKeyF6AFeVM0LZmmtNeKimOA067wfhm5ncfqVQsEQ96klIvxkPBIkawNpJvVwbchEPsu+gaXaC6GebbVafmzIFWiVuQKhRo+fbXIExIFlOhCcdK9V0n1V6OpWaE02l5kCmaYjLGQ9o3VOCYKi+fHz9FZ0YJUZRIM0Kjufp7I8exUpM4MMkY65Fa9mbif14/09GVlzORZpoKsngoyjjSCZo1gUImKdF8YggmkplbERlhiYk2fZVNCe7yl1dJp15zG7XGfaPavC3qKMEJnMI5uHAJTbiDFrSBwASe4RXerCfrxXq3PhbRNavYqcAfWJ8/P3aSlA==</latexit>

Considere o PVI

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


Exemplo

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

x

00 + 4x0 + 5x = 0

<latexit sha1_base64="UV4PN5ROiUOn+5ku2cn+9K2A2oo=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQhTIjI7oRCi50WcE+oB1LJs20oUlmSDLSMvQf3Pgrblwo4taNO//GTFtEWw+EnJxzLzf3BDGjSjvOl5VbWFxaXsmvFtbWNza37O2dmooSiUkVRyySjQApwqggVU01I41YEsQDRupB/zLz6/dEKhqJWz2Mic9RV9CQYqSN1LaPBndpK5aUEzi5RvAYevBHzZ6ncAAvoNO2i07JGQPOE3dKimCKStv+bHUinHAiNGZIqabrxNpPkdQUMzIqtBJFYoT7qEuahgrEifLT8U4jeGCUDgwjaY7QcKz+7kgRV2rIA1PJke6pWS8T//OaiQ7P/ZSKONFE4MmgMGFQRzALCHaoJFizoSEIS2r+CnEPSYS1ibFgQnBnV54ntZOS65W8G69YvprGkQd7YB8cAhecgTK4BhVQBRg8gCfwAl6tR+vZerPeJ6U5a9qzC/7A+vgGwKucJg==</latexit>

Solução complexa

z = e�2t
cos t+ ie�2t

sin t

<latexit sha1_base64="tvtku0KDLfuuyFFL7BJB712dqg8=">AAACDnicbVBNS8NAEN3Ur1q/oh69LJaCIJakFPQiFDzosYL9gLaWzXbTLt1swu5EqKG/wIt/xYsHRbx69ua/cdsG1NYHA4/3ZpiZ50WCa3CcLyuztLyyupZdz21sbm3v2Lt7dR3GirIaDUWomh7RTHDJasBBsGakGAk8wRre8GLiN+6Y0jyUNzCKWCcgfcl9TgkYqWsX7vE5ZrfJSQnGuE1DjQEfY/4jaS4xdO28U3SmwIvETUkepah27c92L6RxwCRQQbRuuU4EnYQo4FSwca4daxYROiR91jJUkoDpTjJ9Z4wLRulhP1SmJOCp+nsiIYHWo8AznQGBgZ73JuJ/XisG/6yTcBnFwCSdLfJjgSHEk2xwjytGQYwMIVRxcyumA6IIBZNgzoTgzr+8SOqlolsulq/L+cplGkcWHaBDdIRcdIoq6ApVUQ1R9ICe0At6tR6tZ+vNep+1Zqx0Zh/9gfXxDXIUmd8=</latexit>

Considere o PVI

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


Exemplo

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

x

00 + 4x0 + 5x = 0

<latexit sha1_base64="UV4PN5ROiUOn+5ku2cn+9K2A2oo=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQhTIjI7oRCi50WcE+oB1LJs20oUlmSDLSMvQf3Pgrblwo4taNO//GTFtEWw+EnJxzLzf3BDGjSjvOl5VbWFxaXsmvFtbWNza37O2dmooSiUkVRyySjQApwqggVU01I41YEsQDRupB/zLz6/dEKhqJWz2Mic9RV9CQYqSN1LaPBndpK5aUEzi5RvAYevBHzZ6ncAAvoNO2i07JGQPOE3dKimCKStv+bHUinHAiNGZIqabrxNpPkdQUMzIqtBJFYoT7qEuahgrEifLT8U4jeGCUDgwjaY7QcKz+7kgRV2rIA1PJke6pWS8T//OaiQ7P/ZSKONFE4MmgMGFQRzALCHaoJFizoSEIS2r+CnEPSYS1ibFgQnBnV54ntZOS65W8G69YvprGkQd7YB8cAhecgTK4BhVQBRg8gCfwAl6tR+vZerPeJ6U5a9qzC/7A+vgGwKucJg==</latexit>

Solução complexa

z = e�2t
cos t+ ie�2t

sin t

<latexit sha1_base64="tvtku0KDLfuuyFFL7BJB712dqg8=">AAACDnicbVBNS8NAEN3Ur1q/oh69LJaCIJakFPQiFDzosYL9gLaWzXbTLt1swu5EqKG/wIt/xYsHRbx69ua/cdsG1NYHA4/3ZpiZ50WCa3CcLyuztLyyupZdz21sbm3v2Lt7dR3GirIaDUWomh7RTHDJasBBsGakGAk8wRre8GLiN+6Y0jyUNzCKWCcgfcl9TgkYqWsX7vE5ZrfJSQnGuE1DjQEfY/4jaS4xdO28U3SmwIvETUkepah27c92L6RxwCRQQbRuuU4EnYQo4FSwca4daxYROiR91jJUkoDpTjJ9Z4wLRulhP1SmJOCp+nsiIYHWo8AznQGBgZ73JuJ/XisG/6yTcBnFwCSdLfJjgSHEk2xwjytGQYwMIVRxcyumA6IIBZNgzoTgzr+8SOqlolsulq/L+cplGkcWHaBDdIRcdIoq6ApVUQ1R9ICe0At6tR6tZ+vNep+1Zqx0Zh/9gfXxDXIUmd8=</latexit>

Considere o PVI

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


Exemplo

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

Solução Geral

x

00 + 4x0 + 5x = 0

<latexit sha1_base64="UV4PN5ROiUOn+5ku2cn+9K2A2oo=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQhTIjI7oRCi50WcE+oB1LJs20oUlmSDLSMvQf3Pgrblwo4taNO//GTFtEWw+EnJxzLzf3BDGjSjvOl5VbWFxaXsmvFtbWNza37O2dmooSiUkVRyySjQApwqggVU01I41YEsQDRupB/zLz6/dEKhqJWz2Mic9RV9CQYqSN1LaPBndpK5aUEzi5RvAYevBHzZ6ncAAvoNO2i07JGQPOE3dKimCKStv+bHUinHAiNGZIqabrxNpPkdQUMzIqtBJFYoT7qEuahgrEifLT8U4jeGCUDgwjaY7QcKz+7kgRV2rIA1PJke6pWS8T//OaiQ7P/ZSKONFE4MmgMGFQRzALCHaoJFizoSEIS2r+CnEPSYS1ibFgQnBnV54ntZOS65W8G69YvprGkQd7YB8cAhecgTK4BhVQBRg8gCfwAl6tR+vZerPeJ6U5a9qzC/7A+vgGwKucJg==</latexit>

xg(t) = c1e
�2t

cos t+ c2e
�2t

sin t

<latexit sha1_base64="UMzU5T4G5FKzoXE20/Siwz4/S0I=">AAACG3icbZBNSwMxEIazftb6VfXoZbAIilh2l4JehIIHPVawrdDWJZumNZjNLsmsWJb+Dy/+FS8eFPEkePDfmH4c1PpC4OWZGSbzhokUBl33y5mZnZtfWMwt5ZdXVtfWCxubdROnmvEai2Wsr0JquBSK11Cg5FeJ5jQKJW+Et6fDeuOOayNidYn9hLcj2lOiKxhFi4KCfx/09nAfToAFHvDr7BB8wAG0WGwA4cBif4T9ITRCAQaFoltyR4Jp401MkUxUDQofrU7M0ogrZJIa0/TcBNsZ1SiY5IN8KzU8oeyW9njTWkUjbtrZ6LYB7FrSgW6s7VMII/pzIqORMf0otJ0RxRvztzaE/9WaKXaP25lQSYpcsfGibioBYxgGBR2hOUPZt4YyLexfgd1QTRnaOPM2BO/vydOm7pe8cql8US5WziZx5Mg22SF7xCNHpELOSZXUCCMP5Im8kFfn0Xl23pz3ceuMM5nZIr/kfH4DGamdyA==</latexit>

Solução complexa

z = e�2t
cos t+ ie�2t

sin t

<latexit sha1_base64="tvtku0KDLfuuyFFL7BJB712dqg8=">AAACDnicbVBNS8NAEN3Ur1q/oh69LJaCIJakFPQiFDzosYL9gLaWzXbTLt1swu5EqKG/wIt/xYsHRbx69ua/cdsG1NYHA4/3ZpiZ50WCa3CcLyuztLyyupZdz21sbm3v2Lt7dR3GirIaDUWomh7RTHDJasBBsGakGAk8wRre8GLiN+6Y0jyUNzCKWCcgfcl9TgkYqWsX7vE5ZrfJSQnGuE1DjQEfY/4jaS4xdO28U3SmwIvETUkepah27c92L6RxwCRQQbRuuU4EnYQo4FSwca4daxYROiR91jJUkoDpTjJ9Z4wLRulhP1SmJOCp+nsiIYHWo8AznQGBgZ73JuJ/XisG/6yTcBnFwCSdLfJjgSHEk2xwjytGQYwMIVRxcyumA6IIBZNgzoTgzr+8SOqlolsulq/L+cplGkcWHaBDdIRcdIoq6ApVUQ1R9ICe0At6tR6tZ+vNep+1Zqx0Zh/9gfXxDXIUmd8=</latexit>

Considere o PVI

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


Exemplo

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

xg(t) = c1e
�2t

cos t+ c2e
�2t

sin t

<latexit sha1_base64="UMzU5T4G5FKzoXE20/Siwz4/S0I=">AAACG3icbZBNSwMxEIazftb6VfXoZbAIilh2l4JehIIHPVawrdDWJZumNZjNLsmsWJb+Dy/+FS8eFPEkePDfmH4c1PpC4OWZGSbzhokUBl33y5mZnZtfWMwt5ZdXVtfWCxubdROnmvEai2Wsr0JquBSK11Cg5FeJ5jQKJW+Et6fDeuOOayNidYn9hLcj2lOiKxhFi4KCfx/09nAfToAFHvDr7BB8wAG0WGwA4cBif4T9ITRCAQaFoltyR4Jp401MkUxUDQofrU7M0ogrZJIa0/TcBNsZ1SiY5IN8KzU8oeyW9njTWkUjbtrZ6LYB7FrSgW6s7VMII/pzIqORMf0otJ0RxRvztzaE/9WaKXaP25lQSYpcsfGibioBYxgGBR2hOUPZt4YyLexfgd1QTRnaOPM2BO/vydOm7pe8cql8US5WziZx5Mg22SF7xCNHpELOSZXUCCMP5Im8kFfn0Xl23pz3ceuMM5nZIr/kfH4DGamdyA==</latexit>

Resolvendo o PVI

deve satisfazer x(0) = 1

<latexit sha1_base64="zmt/2J2GORyVwzRS5ARZMKJsAU4=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiJexKQC9CwIMeI5gHJCHMTnqTIbOz68ysGJb8hBcPinj1d7z5N06SPWhiQUNR1U13lx8Lro3rfjsrq2vrG5u5rfz2zu7efuHgsKGjRDGss0hEquVTjYJLrBtuBLZihTT0BTb90fXUbz6i0jyS92YcYzekA8kDzqixUuup5J6RK+L1CkW37M5AlomXkSJkqPUKX51+xJIQpWGCat323Nh0U6oMZwIn+U6iMaZsRAfYtlTSEHU3nd07IadW6ZMgUrakITP190RKQ63HoW87Q2qGetGbiv957cQEl92UyzgxKNl8UZAIYiIyfZ70uUJmxNgSyhS3txI2pIoyYyPK2xC8xZeXSeO87FXKlbtKsXqTxZGDYziBEnhwAVW4hRrUgYGAZ3iFN+fBeXHenY9564qTzRzBHzifP76Vjn0=</latexit>

x

0(0) = 0

<latexit sha1_base64="sp2SCAJAglO+iyYhwX3z8f/4ei4=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSxCvZRECnoRCh70WMF+QBvLZrtpl242YXejltif4sWDIl79Jd78N27bHLT1wcDjvRlm5vkxZ0o7zreVW1ldW9/Ibxa2tnd29+ziflNFiSS0QSIeybaPFeVM0IZmmtN2LCkOfU5b/uhy6rfuqVQsErd6HFMvxAPBAkawNlLPLj7epd1YspBOys4JukBOzy45FWcGtEzcjJQgQ71nf3X7EUlCKjThWKmO68TaS7HUjHA6KXQTRWNMRnhAO4YKHFLlpbPTJ+jYKH0URNKU0Gim/p5IcajUOPRNZ4j1UC16U/E/r5Po4NxLmYgTTQWZLwoSjnSEpjmgPpOUaD42BBPJzK2IDLHERJu0CiYEd/HlZdI8rbjVSvWmWqpdZXHk4RCOoAwunEENrqEODSDwAM/wCm/Wk/VivVsf89aclc0cwB9Ynz91ypLW</latexit>

c1 + c2 = 1

<latexit sha1_base64="91/PX3fpXXZBGjcpv/XDv6fIzFo=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSIIQtmUgl6Eggc9VrAf0C5LNs22odnsmmQLZenv8OJBEa/+GG/+G9N2D9r6YODx3gwz84JEcG1c99tZW9/Y3Nou7BR39/YPDktHxy0dp4qyJo1FrDoB0UxwyZqGG8E6iWIkCgRrB6Pbmd8eM6V5LB/NJGFeRAaSh5wSYyWP+hhdIupX0Q3CfqnsVtw50CrBOSlDjoZf+ur1Y5pGTBoqiNZd7CbGy4gynAo2LfZSzRJCR2TAupZKEjHtZfOjp+jcKn0UxsqWNGiu/p7ISKT1JApsZ0TMUC97M/E/r5ua8NrLuExSwyRdLApTgUyMZgmgPleMGjGxhFDF7a2IDoki1NicijYEvPzyKmlVK7hWqT3UyvW7PI4CnMIZXACGK6jDPTSgCRSe4Ble4c0ZOy/Ou/OxaF1z8pkT+APn8wePmJAI</latexit>

�2c2 = 0

<latexit sha1_base64="p6tGT0L/xCPP8STqWenB/AqY9qQ=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgxbAbAnoRAh70GME8MFnC7GQ2GTI7u8z0CiHkL7x4UMSrf+PNv3GS7EETCxqKqm66u4JECoOu++3k1tY3Nrfy24Wd3b39g+LhUdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLqZ+a0nro2I1QOOE+5HdKBEKBhFKz1eVAjrVcg1cXvFklt25yCrxMtICTLUe8Wvbj9macQVMkmN6Xhugv6EahRM8mmhmxqeUDaiA96xVNGIG38yv3hKzqzSJ2GsbSkkc/X3xIRGxoyjwHZGFIdm2ZuJ/3mdFMMrfyJUkiJXbLEoTCXBmMzeJ32hOUM5toQyLeythA2ppgxtSAUbgrf88ippVspetVy9r5Zqt1kceTiBUzgHDy6hBndQhwYwUPAMr/DmGOfFeXc+Fq05J5s5hj9wPn8AwxyPCg==</latexit>

obtendo

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


Exemplo

A solução do PVI

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

x

00 + 4x0 + 5x = 0

<latexit sha1_base64="UV4PN5ROiUOn+5ku2cn+9K2A2oo=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQhTIjI7oRCi50WcE+oB1LJs20oUlmSDLSMvQf3Pgrblwo4taNO//GTFtEWw+EnJxzLzf3BDGjSjvOl5VbWFxaXsmvFtbWNza37O2dmooSiUkVRyySjQApwqggVU01I41YEsQDRupB/zLz6/dEKhqJWz2Mic9RV9CQYqSN1LaPBndpK5aUEzi5RvAYevBHzZ6ncAAvoNO2i07JGQPOE3dKimCKStv+bHUinHAiNGZIqabrxNpPkdQUMzIqtBJFYoT7qEuahgrEifLT8U4jeGCUDgwjaY7QcKz+7kgRV2rIA1PJke6pWS8T//OaiQ7P/ZSKONFE4MmgMGFQRzALCHaoJFizoSEIS2r+CnEPSYS1ibFgQnBnV54ntZOS65W8G69YvprGkQd7YB8cAhecgTK4BhVQBRg8gCfwAl6tR+vZerPeJ6U5a9qzC/7A+vgGwKucJg==</latexit>

x(0) = 1

<latexit sha1_base64="zmt/2J2GORyVwzRS5ARZMKJsAU4=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiJexKQC9CwIMeI5gHJCHMTnqTIbOz68ysGJb8hBcPinj1d7z5N06SPWhiQUNR1U13lx8Lro3rfjsrq2vrG5u5rfz2zu7efuHgsKGjRDGss0hEquVTjYJLrBtuBLZihTT0BTb90fXUbz6i0jyS92YcYzekA8kDzqixUuup5J6RK+L1CkW37M5AlomXkSJkqPUKX51+xJIQpWGCat323Nh0U6oMZwIn+U6iMaZsRAfYtlTSEHU3nd07IadW6ZMgUrakITP190RKQ63HoW87Q2qGetGbiv957cQEl92UyzgxKNl8UZAIYiIyfZ70uUJmxNgSyhS3txI2pIoyYyPK2xC8xZeXSeO87FXKlbtKsXqTxZGDYziBEnhwAVW4hRrUgYGAZ3iFN+fBeXHenY9564qTzRzBHzifP76Vjn0=</latexit>

x

0(0) = 0

<latexit sha1_base64="sp2SCAJAglO+iyYhwX3z8f/4ei4=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSxCvZRECnoRCh70WMF+QBvLZrtpl242YXejltif4sWDIl79Jd78N27bHLT1wcDjvRlm5vkxZ0o7zreVW1ldW9/Ibxa2tnd29+ziflNFiSS0QSIeybaPFeVM0IZmmtN2LCkOfU5b/uhy6rfuqVQsErd6HFMvxAPBAkawNlLPLj7epd1YspBOys4JukBOzy45FWcGtEzcjJQgQ71nf3X7EUlCKjThWKmO68TaS7HUjHA6KXQTRWNMRnhAO4YKHFLlpbPTJ+jYKH0URNKU0Gim/p5IcajUOPRNZ4j1UC16U/E/r5Po4NxLmYgTTQWZLwoSjnSEpjmgPpOUaD42BBPJzK2IDLHERJu0CiYEd/HlZdI8rbjVSvWmWqpdZXHk4RCOoAwunEENrqEODSDwAM/wCm/Wk/VivVsf89aclc0cwB9Ynz91ypLW</latexit>

é dada por

x(t) = e

�2t
cos t

<latexit sha1_base64="Wc3Nuj3HV0PC1bEKfxU7FfZ2pnw=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IR6sGSlIJehIIHPVawH9DGstlu2qWbTdidiCUU/CtePCji1d/hzX/jts1Bqw8GHu/NMDPPjwXX4DhfVm5peWV1Lb9e2Njc2t6xd/eaOkoUZQ0aiUi1faKZ4JI1gINg7VgxEvqCtfzR5dRv3TOleSRvYRwzLyQDyQNOCRipZx88lOAEX2B2l55WYIK7NNIYenbRKTsz4L/EzUgRZaj37M9uP6JJyCRQQbTuuE4MXkoUcCrYpNBNNIsJHZEB6xgqSci0l87On+Bjo/RxEClTEvBM/TmRklDrceibzpDAUC96U/E/r5NAcO6lXMYJMEnni4JEYIjwNAvc54pREGNDCFXc3IrpkChCwSRWMCG4iy//Jc1K2a2WqzfVYu0qiyOPDtERKiEXnaEaukZ11EAUpegJvaBX69F6tt6s93lrzspm9tEvWB/f1OqUJg==</latexit>

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

