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TRABALHO DA FORÇA PESO 

Esquematizando o movimento:



FORÇA PESO NO MOVIMENTO VERTICAL

A forca peso mg faz o objeto cair de

De um altura h0 ! para a altura final hf
<latexit sha1_base64="zJCKEbg5N9P8BU+YrZLIHkLwB/w=">AAACJXicbVDLSgMxFM3UV62vqks3wVZwIWWmCLpwUdCFywr2AW0pd9JMG5rJDMkdpZT+jBt/xY0Liwiu/BXTh6CtBwKHc87l5h4/lsKg6346qZXVtfWN9GZma3tndy+7f1A1UaIZr7BIRrrug+FSKF5BgZLXY80h9CWv+f3riV974NqISN3jIOatELpKBIIBWqmdvbrhNAkpSEw00DzttV3a1KLbQ9A6eszTGKwOP4FAKJA03zyzwSDfzubcgjsFXSbenOTIHOV2dtzsRCwJuUImwZiG58bYGoJGwSQfZZqJ4TGwPnR5w1IFITet4fTKET2xSocGkbZPIZ2qvyeGEBozCH2bDAF7ZtGbiP95jQSDy9ZQqDhBrthsUZBIihGdVEY7QnOGcmAJMC3sXynr2VoY2mIztgRv8eRlUi0WPLfg3RVzpfN5HWlyRI7JKfHIBSmRW1ImFcLIE3khb2TsPDuvzrvzMYumnPnMIfkD5+sbv/2i4A==</latexit><latexit sha1_base64="zJCKEbg5N9P8BU+YrZLIHkLwB/w=">AAACJXicbVDLSgMxFM3UV62vqks3wVZwIWWmCLpwUdCFywr2AW0pd9JMG5rJDMkdpZT+jBt/xY0Liwiu/BXTh6CtBwKHc87l5h4/lsKg6346qZXVtfWN9GZma3tndy+7f1A1UaIZr7BIRrrug+FSKF5BgZLXY80h9CWv+f3riV974NqISN3jIOatELpKBIIBWqmdvbrhNAkpSEw00DzttV3a1KLbQ9A6eszTGKwOP4FAKJA03zyzwSDfzubcgjsFXSbenOTIHOV2dtzsRCwJuUImwZiG58bYGoJGwSQfZZqJ4TGwPnR5w1IFITet4fTKET2xSocGkbZPIZ2qvyeGEBozCH2bDAF7ZtGbiP95jQSDy9ZQqDhBrthsUZBIihGdVEY7QnOGcmAJMC3sXynr2VoY2mIztgRv8eRlUi0WPLfg3RVzpfN5HWlyRI7JKfHIBSmRW1ImFcLIE3khb2TsPDuvzrvzMYumnPnMIfkD5+sbv/2i4A==</latexit><latexit sha1_base64="zJCKEbg5N9P8BU+YrZLIHkLwB/w=">AAACJXicbVDLSgMxFM3UV62vqks3wVZwIWWmCLpwUdCFywr2AW0pd9JMG5rJDMkdpZT+jBt/xY0Liwiu/BXTh6CtBwKHc87l5h4/lsKg6346qZXVtfWN9GZma3tndy+7f1A1UaIZr7BIRrrug+FSKF5BgZLXY80h9CWv+f3riV974NqISN3jIOatELpKBIIBWqmdvbrhNAkpSEw00DzttV3a1KLbQ9A6eszTGKwOP4FAKJA03zyzwSDfzubcgjsFXSbenOTIHOV2dtzsRCwJuUImwZiG58bYGoJGwSQfZZqJ4TGwPnR5w1IFITet4fTKET2xSocGkbZPIZ2qvyeGEBozCH2bDAF7ZtGbiP95jQSDy9ZQqDhBrthsUZBIihGdVEY7QnOGcmAJMC3sXynr2VoY2mIztgRv8eRlUi0WPLfg3RVzpfN5HWlyRI7JKfHIBSmRW1ImFcLIE3khb2TsPDuvzrvzMYumnPnMIfkD5+sbv/2i4A==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="TT2RSZVkBHBSRyZIo0NMhIdXaQU=">AAACGnicbZBLSwMxFIXv+LZWrW7dBK3gQsqMG124EHThsoKthbaUO2mmE8xkhuSOUob+GTf+FTcuFBH8N6YPwdeFwOGcE5L7hZmSlnz/w5ubX1hcWl5ZLa2V1zc2K1vlpk1zw0WDpyo1rRCtUFKLBklSopUZgUmoxE14ez7Ob+6EsTLV1zTMRDfBgZaR5EjO6lVOLwTLE4aKcoOsyuKezzpGDmJCY9L7KsvQ+fhViKRGxaqdQ1eMqr3Knl/zJ8P+imAm9mA29V7ltdNPeZ4ITVyhte3Az6hboCHJlRiVOrkVGfJbHIi2kxoTYbvFZMsR23dOn0WpcUcTm7jfbxSYWDtMQtdMkGL7Oxub/2XtnKKTbiF1lpPQfPpQlCtGKRsjY31pBCc1dAK5ke6vjMcOCycHtuQgBL9X/iuaR7XArwVXPqzADuzCAQRwDGdwCXVoAIcHeIIXePUevWfvbYprzptx24Yf471/AsmYoWA=</latexit><latexit sha1_base64="TT2RSZVkBHBSRyZIo0NMhIdXaQU=">AAACGnicbZBLSwMxFIXv+LZWrW7dBK3gQsqMG124EHThsoKthbaUO2mmE8xkhuSOUob+GTf+FTcuFBH8N6YPwdeFwOGcE5L7hZmSlnz/w5ubX1hcWl5ZLa2V1zc2K1vlpk1zw0WDpyo1rRCtUFKLBklSopUZgUmoxE14ez7Ob+6EsTLV1zTMRDfBgZaR5EjO6lVOLwTLE4aKcoOsyuKezzpGDmJCY9L7KsvQ+fhViKRGxaqdQ1eMqr3Knl/zJ8P+imAm9mA29V7ltdNPeZ4ITVyhte3Az6hboCHJlRiVOrkVGfJbHIi2kxoTYbvFZMsR23dOn0WpcUcTm7jfbxSYWDtMQtdMkGL7Oxub/2XtnKKTbiF1lpPQfPpQlCtGKRsjY31pBCc1dAK5ke6vjMcOCycHtuQgBL9X/iuaR7XArwVXPqzADuzCAQRwDGdwCXVoAIcHeIIXePUevWfvbYprzptx24Yf471/AsmYoWA=</latexit><latexit sha1_base64="kVDW2k+tTVuvIqqZ/xC9VYK6JmU=">AAACJXicbVDLSgMxFM3UV62vqks3wVZwIWVGBF24KOjCZQVbC20pd9JMJzSTGZI7Sin9GTf+ihsXFhFc+SumD0FbDwQO55zLzT1+IoVB1/10MkvLK6tr2fXcxubW9k5+d69m4lQzXmWxjHXdB8OlULyKAiWvJ5pD5Et+7/euxv79A9dGxOoO+wlvRdBVIhAM0Ert/OU1p2lEQWKqgRZp2HZpU4tuiKB1/FikCVgdfgKBUCBpsXlig0GxnS+4JXcCuki8GSmQGSrt/KjZiVkacYVMgjENz02wNQCNgkk+zDVTwxNgPejyhqUKIm5ag8mVQ3pklQ4NYm2fQjpRf08MIDKmH/k2GQGGZt4bi/95jRSDi9ZAqCRFrth0UZBKijEdV0Y7QnOGsm8JMC3sXykLbS0MbbE5W4I3f/IiqZ2WPLfk3bqF8tmsjiw5IIfkmHjknJTJDamQKmHkibyQNzJynp1X5935mEYzzmxmn/yB8/UNv12i3g==</latexit><latexit sha1_base64="zJCKEbg5N9P8BU+YrZLIHkLwB/w=">AAACJXicbVDLSgMxFM3UV62vqks3wVZwIWWmCLpwUdCFywr2AW0pd9JMG5rJDMkdpZT+jBt/xY0Liwiu/BXTh6CtBwKHc87l5h4/lsKg6346qZXVtfWN9GZma3tndy+7f1A1UaIZr7BIRrrug+FSKF5BgZLXY80h9CWv+f3riV974NqISN3jIOatELpKBIIBWqmdvbrhNAkpSEw00DzttV3a1KLbQ9A6eszTGKwOP4FAKJA03zyzwSDfzubcgjsFXSbenOTIHOV2dtzsRCwJuUImwZiG58bYGoJGwSQfZZqJ4TGwPnR5w1IFITet4fTKET2xSocGkbZPIZ2qvyeGEBozCH2bDAF7ZtGbiP95jQSDy9ZQqDhBrthsUZBIihGdVEY7QnOGcmAJMC3sXynr2VoY2mIztgRv8eRlUi0WPLfg3RVzpfN5HWlyRI7JKfHIBSmRW1ImFcLIE3khb2TsPDuvzrvzMYumnPnMIfkD5+sbv/2i4A==</latexit><latexit sha1_base64="zJCKEbg5N9P8BU+YrZLIHkLwB/w=">AAACJXicbVDLSgMxFM3UV62vqks3wVZwIWWmCLpwUdCFywr2AW0pd9JMG5rJDMkdpZT+jBt/xY0Liwiu/BXTh6CtBwKHc87l5h4/lsKg6346qZXVtfWN9GZma3tndy+7f1A1UaIZr7BIRrrug+FSKF5BgZLXY80h9CWv+f3riV974NqISN3jIOatELpKBIIBWqmdvbrhNAkpSEw00DzttV3a1KLbQ9A6eszTGKwOP4FAKJA03zyzwSDfzubcgjsFXSbenOTIHOV2dtzsRCwJuUImwZiG58bYGoJGwSQfZZqJ4TGwPnR5w1IFITet4fTKET2xSocGkbZPIZ2qvyeGEBozCH2bDAF7ZtGbiP95jQSDy9ZQqDhBrthsUZBIihGdVEY7QnOGcmAJMC3sXynr2VoY2mIztgRv8eRlUi0WPLfg3RVzpfN5HWlyRI7JKfHIBSmRW1ImFcLIE3khb2TsPDuvzrvzMYumnPnMIfkD5+sbv/2i4A==</latexit><latexit sha1_base64="zJCKEbg5N9P8BU+YrZLIHkLwB/w=">AAACJXicbVDLSgMxFM3UV62vqks3wVZwIWWmCLpwUdCFywr2AW0pd9JMG5rJDMkdpZT+jBt/xY0Liwiu/BXTh6CtBwKHc87l5h4/lsKg6346qZXVtfWN9GZma3tndy+7f1A1UaIZr7BIRrrug+FSKF5BgZLXY80h9CWv+f3riV974NqISN3jIOatELpKBIIBWqmdvbrhNAkpSEw00DzttV3a1KLbQ9A6eszTGKwOP4FAKJA03zyzwSDfzubcgjsFXSbenOTIHOV2dtzsRCwJuUImwZiG58bYGoJGwSQfZZqJ4TGwPnR5w1IFITet4fTKET2xSocGkbZPIZ2qvyeGEBozCH2bDAF7ZtGbiP95jQSDy9ZQqDhBrthsUZBIihGdVEY7QnOGcmAJMC3sXynr2VoY2mIztgRv8eRlUi0WPLfg3RVzpfN5HWlyRI7JKfHIBSmRW1ImFcLIE3khb2TsPDuvzrvzMYumnPnMIfkD5+sbv/2i4A==</latexit><latexit sha1_base64="zJCKEbg5N9P8BU+YrZLIHkLwB/w=">AAACJXicbVDLSgMxFM3UV62vqks3wVZwIWWmCLpwUdCFywr2AW0pd9JMG5rJDMkdpZT+jBt/xY0Liwiu/BXTh6CtBwKHc87l5h4/lsKg6346qZXVtfWN9GZma3tndy+7f1A1UaIZr7BIRrrug+FSKF5BgZLXY80h9CWv+f3riV974NqISN3jIOatELpKBIIBWqmdvbrhNAkpSEw00DzttV3a1KLbQ9A6eszTGKwOP4FAKJA03zyzwSDfzubcgjsFXSbenOTIHOV2dtzsRCwJuUImwZiG58bYGoJGwSQfZZqJ4TGwPnR5w1IFITet4fTKET2xSocGkbZPIZ2qvyeGEBozCH2bDAF7ZtGbiP95jQSDy9ZQqDhBrthsUZBIihGdVEY7QnOGcmAJMC3sXynr2VoY2mIztgRv8eRlUi0WPLfg3RVzpfN5HWlyRI7JKfHIBSmRW1ImFcLIE3khb2TsPDuvzrvzMYumnPnMIfkD5+sbv/2i4A==</latexit><latexit sha1_base64="zJCKEbg5N9P8BU+YrZLIHkLwB/w=">AAACJXicbVDLSgMxFM3UV62vqks3wVZwIWWmCLpwUdCFywr2AW0pd9JMG5rJDMkdpZT+jBt/xY0Liwiu/BXTh6CtBwKHc87l5h4/lsKg6346qZXVtfWN9GZma3tndy+7f1A1UaIZr7BIRrrug+FSKF5BgZLXY80h9CWv+f3riV974NqISN3jIOatELpKBIIBWqmdvbrhNAkpSEw00DzttV3a1KLbQ9A6eszTGKwOP4FAKJA03zyzwSDfzubcgjsFXSbenOTIHOV2dtzsRCwJuUImwZiG58bYGoJGwSQfZZqJ4TGwPnR5w1IFITet4fTKET2xSocGkbZPIZ2qvyeGEBozCH2bDAF7ZtGbiP95jQSDy9ZQqDhBrthsUZBIihGdVEY7QnOGcmAJMC3sXynr2VoY2mIztgRv8eRlUi0WPLfg3RVzpfN5HWlyRI7JKfHIBSmRW1ImFcLIE3khb2TsPDuvzrvzMYumnPnMIfkD5+sbv/2i4A==</latexit><latexit sha1_base64="zJCKEbg5N9P8BU+YrZLIHkLwB/w=">AAACJXicbVDLSgMxFM3UV62vqks3wVZwIWWmCLpwUdCFywr2AW0pd9JMG5rJDMkdpZT+jBt/xY0Liwiu/BXTh6CtBwKHc87l5h4/lsKg6346qZXVtfWN9GZma3tndy+7f1A1UaIZr7BIRrrug+FSKF5BgZLXY80h9CWv+f3riV974NqISN3jIOatELpKBIIBWqmdvbrhNAkpSEw00DzttV3a1KLbQ9A6eszTGKwOP4FAKJA03zyzwSDfzubcgjsFXSbenOTIHOV2dtzsRCwJuUImwZiG58bYGoJGwSQfZZqJ4TGwPnR5w1IFITet4fTKET2xSocGkbZPIZ2qvyeGEBozCH2bDAF7ZtGbiP95jQSDy9ZQqDhBrthsUZBIihGdVEY7QnOGcmAJMC3sXynr2VoY2mIztgRv8eRlUi0WPLfg3RVzpfN5HWlyRI7JKfHIBSmRW1ImFcLIE3khb2TsPDuvzrvzMYumnPnMIfkD5+sbv/2i4A==</latexit>

Trabalho positivo : W = mgd = mg(h0 � hf ) > 0

<latexit sha1_base64="RfG79S28a4fCsKSKAT4azoHPrfw="></latexit><latexit sha1_base64="RfG79S28a4fCsKSKAT4azoHPrfw="></latexit><latexit sha1_base64="RfG79S28a4fCsKSKAT4azoHPrfw="></latexit><latexit sha1_base64="RfG79S28a4fCsKSKAT4azoHPrfw="></latexit>



TRABALHO DA FORÇA PESO

Qual é o trabalho realizado? Qual é o trabalho realizado?

W = mgd = mg(h0 � hf )
<latexit sha1_base64="EMALPlgmp8C2NOmUjUxu1dFvK0o=">AAAB/3icbVC7SgNBFL0bXzG+ooKFNoNBiIVh1yY2QsDGMoJ5QBKW2dnZZMjs7DIzK4Q1oL9iY6GIrX9gbeffONmk0MQD93I4517mzvFizpS27W8rt7S8srqWXy9sbG5t7xR395oqSiShDRLxSLY9rChngjY005y2Y0lx6HHa8oZXE791R6VikbjVo5j2QtwXLGAEayO5xYPWJQr7yM96eeDa6GzgBqdusWRX7AxokTgzUqodflYeAKDuFr+6fkSSkApNOFaq49ix7qVYakY4HRe6iaIxJkPcpx1DBQ6p6qXZ/WN0YhQfBZE0JTTK1N8bKQ6VGoWemQyxHqh5byL+53USHVz0UibiRFNBpg8FCUc6QpMwkM8kJZqPDMFEMnMrIgMsMdEmsoIJwZn/8iJpnlccu+LcmDSqMEUejuAYyuBAFWpwDXVoAIF7eIIXeLUerWfrzXqfjuas2c4+/IH18QOnjZVn</latexit><latexit sha1_base64="0tTryoqpQi8I9Xb2czdDNgPHK+s=">AAAB/3icbVC7TsMwFHXKq5RXAIkBFosKqQxUCUtZkCqxMBaJPqQ2ihzHaaw6TmQ7SFXowMR/sDCAEGu/AOZu/A1u2gEKR7pXR+fcK18fL2FUKsv6MgpLyyura8X10sbm1vaOubvXknEqMGnimMWi4yFJGOWkqahipJMIgiKPkbY3uJr67TsiJI35rRomxIlQn9OAYqS05JoH7UsY9aGf90roWvAsdINT1yxbVSsH/EvsOSnXDz+rj5OPccM1Jz0/xmlEuMIMSdm1rUQ5GRKKYkZGpV4qSYLwAPVJV1OOIiKdLL9/BE+04sMgFrq4grn6cyNDkZTDyNOTEVKhXPSm4n9eN1XBhZNRnqSKcDx7KEgZVDGchgF9KghWbKgJwoLqWyEOkUBY6chKOgR78ct/Seu8altV+0anUQMzFMEROAYVYIMaqINr0ABNgME9eAIv4NV4MJ6NN+N9Nlow5jv74BeM8TfKx5fA</latexit><latexit sha1_base64="0tTryoqpQi8I9Xb2czdDNgPHK+s=">AAAB/3icbVC7TsMwFHXKq5RXAIkBFosKqQxUCUtZkCqxMBaJPqQ2ihzHaaw6TmQ7SFXowMR/sDCAEGu/AOZu/A1u2gEKR7pXR+fcK18fL2FUKsv6MgpLyyura8X10sbm1vaOubvXknEqMGnimMWi4yFJGOWkqahipJMIgiKPkbY3uJr67TsiJI35rRomxIlQn9OAYqS05JoH7UsY9aGf90roWvAsdINT1yxbVSsH/EvsOSnXDz+rj5OPccM1Jz0/xmlEuMIMSdm1rUQ5GRKKYkZGpV4qSYLwAPVJV1OOIiKdLL9/BE+04sMgFrq4grn6cyNDkZTDyNOTEVKhXPSm4n9eN1XBhZNRnqSKcDx7KEgZVDGchgF9KghWbKgJwoLqWyEOkUBY6chKOgR78ct/Seu8altV+0anUQMzFMEROAYVYIMaqINr0ABNgME9eAIv4NV4MJ6NN+N9Nlow5jv74BeM8TfKx5fA</latexit><latexit sha1_base64="JmRYaL3veihs9IpXqtWWpgpO0RU=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSxCXVgSN3UjFNy4rGAf0IYwmUyaoTOTMDMRSuzCX3HjQhG3/oY7/8ZpmoW2HriXwzn3MndOkDKqtON8Wyura+sbm5Wt6vbO7t6+fXDYVUkmMenghCWyHyBFGBWko6lmpJ9KgnjASC8Y38z83gORiibiXk9S4nE0EjSiGGkj+fZx7xryEQyLXo99B17EfnTu2zWn4RSAy8QtSQ2UaPv21zBMcMaJ0JghpQauk2ovR1JTzMi0OswUSREeoxEZGCoQJ8rLi/un8MwoIYwSaUpoWKi/N3LElZrwwExypGO16M3E/7xBpqMrL6cizTQReP5QlDGoEzgLA4ZUEqzZxBCEJTW3QhwjibA2kVVNCO7il5dJ97LhOg33zqm1mmUcFXACTkEduKAJWuAWtEEHYPAInsEreLOerBfr3fqYj65Y5c4R+APr8wc045OX</latexit>

W = mgd = mg(h0 � hf )
<latexit sha1_base64="EMALPlgmp8C2NOmUjUxu1dFvK0o=">AAAB/3icbVC7SgNBFL0bXzG+ooKFNoNBiIVh1yY2QsDGMoJ5QBKW2dnZZMjs7DIzK4Q1oL9iY6GIrX9gbeffONmk0MQD93I4517mzvFizpS27W8rt7S8srqWXy9sbG5t7xR395oqSiShDRLxSLY9rChngjY005y2Y0lx6HHa8oZXE791R6VikbjVo5j2QtwXLGAEayO5xYPWJQr7yM96eeDa6GzgBqdusWRX7AxokTgzUqodflYeAKDuFr+6fkSSkApNOFaq49ix7qVYakY4HRe6iaIxJkPcpx1DBQ6p6qXZ/WN0YhQfBZE0JTTK1N8bKQ6VGoWemQyxHqh5byL+53USHVz0UibiRFNBpg8FCUc6QpMwkM8kJZqPDMFEMnMrIgMsMdEmsoIJwZn/8iJpnlccu+LcmDSqMEUejuAYyuBAFWpwDXVoAIF7eIIXeLUerWfrzXqfjuas2c4+/IH18QOnjZVn</latexit><latexit sha1_base64="0tTryoqpQi8I9Xb2czdDNgPHK+s=">AAAB/3icbVC7TsMwFHXKq5RXAIkBFosKqQxUCUtZkCqxMBaJPqQ2ihzHaaw6TmQ7SFXowMR/sDCAEGu/AOZu/A1u2gEKR7pXR+fcK18fL2FUKsv6MgpLyyura8X10sbm1vaOubvXknEqMGnimMWi4yFJGOWkqahipJMIgiKPkbY3uJr67TsiJI35rRomxIlQn9OAYqS05JoH7UsY9aGf90roWvAsdINT1yxbVSsH/EvsOSnXDz+rj5OPccM1Jz0/xmlEuMIMSdm1rUQ5GRKKYkZGpV4qSYLwAPVJV1OOIiKdLL9/BE+04sMgFrq4grn6cyNDkZTDyNOTEVKhXPSm4n9eN1XBhZNRnqSKcDx7KEgZVDGchgF9KghWbKgJwoLqWyEOkUBY6chKOgR78ct/Seu8altV+0anUQMzFMEROAYVYIMaqINr0ABNgME9eAIv4NV4MJ6NN+N9Nlow5jv74BeM8TfKx5fA</latexit><latexit sha1_base64="0tTryoqpQi8I9Xb2czdDNgPHK+s=">AAAB/3icbVC7TsMwFHXKq5RXAIkBFosKqQxUCUtZkCqxMBaJPqQ2ihzHaaw6TmQ7SFXowMR/sDCAEGu/AOZu/A1u2gEKR7pXR+fcK18fL2FUKsv6MgpLyyura8X10sbm1vaOubvXknEqMGnimMWi4yFJGOWkqahipJMIgiKPkbY3uJr67TsiJI35rRomxIlQn9OAYqS05JoH7UsY9aGf90roWvAsdINT1yxbVSsH/EvsOSnXDz+rj5OPccM1Jz0/xmlEuMIMSdm1rUQ5GRKKYkZGpV4qSYLwAPVJV1OOIiKdLL9/BE+04sMgFrq4grn6cyNDkZTDyNOTEVKhXPSm4n9eN1XBhZNRnqSKcDx7KEgZVDGchgF9KghWbKgJwoLqWyEOkUBY6chKOgR78ct/Seu8altV+0anUQMzFMEROAYVYIMaqINr0ABNgME9eAIv4NV4MJ6NN+N9Nlow5jv74BeM8TfKx5fA</latexit><latexit sha1_base64="JmRYaL3veihs9IpXqtWWpgpO0RU=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSxCXVgSN3UjFNy4rGAf0IYwmUyaoTOTMDMRSuzCX3HjQhG3/oY7/8ZpmoW2HriXwzn3MndOkDKqtON8Wyura+sbm5Wt6vbO7t6+fXDYVUkmMenghCWyHyBFGBWko6lmpJ9KgnjASC8Y38z83gORiibiXk9S4nE0EjSiGGkj+fZx7xryEQyLXo99B17EfnTu2zWn4RSAy8QtSQ2UaPv21zBMcMaJ0JghpQauk2ovR1JTzMi0OswUSREeoxEZGCoQJ8rLi/un8MwoIYwSaUpoWKi/N3LElZrwwExypGO16M3E/7xBpqMrL6cizTQReP5QlDGoEzgLA4ZUEqzZxBCEJTW3QhwjibA2kVVNCO7il5dJ97LhOg33zqm1mmUcFXACTkEduKAJWuAWtEEHYPAInsEreLOerBfr3fqYj65Y5c4R+APr8wc045OX</latexit>

So importa a altura inicial e final.



TRABALHO DA FORÇA PESO

Qual é o trabalho da força peso do ponto inicial, 
descendo a montanha russa e voltando ao ponto inicial? 



TRABALHO DA FORÇA ELASTICA

No caso (a): a mola está em repouso.

No caso (b) : a mola é puxada.

Trabalho realizado: W =
1

2
kx

2

<latexit sha1_base64="7EuTbKHVb5M5jQ0x2RXZkT7Pef8=">AAAB+3icbVA9SwNBEJ2LXzF+nbG0WQyCVbxLExshYGMZwXxAcoa9zV6yZG/v2N2ThOP+io2IIrb2ltZ2/hs3H4UmPhh4vDfDzDw/5kxpx/m2cmvrG5tb+e3Czu7e/oF9WGyqKJGENkjEI9n2saKcCdrQTHPajiXFoc9pyx9dTf3WPZWKReJWT2LqhXggWMAI1kbq2cXWJeoGEpPUzdJKNhrfVXp2ySk7M6BV4i5IqXb++fQBAPWe/dXtRyQJqdCEY6U6rhNrL8VSM8JpVugmisaYjPCAdgwVOKTKS2e3Z+jUKH0URNKU0Gim/p5IcajUJPRNZ4j1UC17U/E/r5Po4MJLmYgTTQWZLwoSjnSEpkGgPpOUaD4xBBPJzK2IDLFJQpu4CiYEd/nlVdKslF2n7N6YNKowRx6O4QTOwIUq1OAa6tAAAmN4gGd4sTLr0Xq13uatOWsxcwR/YL3/AJfdll4=</latexit><latexit sha1_base64="1yg4GnPiDz/m0kFhZGVT86D4JL4=">AAAB+3icbVDJSgNBEK2JW4zbGI9eGoPgKc7kEi9CUBCPEcwCkzH0dHqSJj0L3T2SMMyveBFRxKv/4MmDN//GznLQxAcFj/eqqKrnxZxJZVnfRm5ldW19I79Z2Nre2d0z94tNGSWC0AaJeCTaHpaUs5A2FFOctmNBceBx2vKGlxO/dU+FZFF4q8YxdQPcD5nPCFZa6prF1jnq+AKT1M7SSjYc3VW6ZskqW1OgZWLPSal2+vH06Vxc1bvmV6cXkSSgoSIcS+nYVqzcFAvFCKdZoZNIGmMyxH3qaBrigEo3nd6eoWOt9JAfCV2hQlP190SKAynHgac7A6wGctGbiP95TqL8MzdlYZwoGpLZIj/hSEVoEgTqMUGJ4mNNMBFM34rIAOsklI6roEOwF19eJs1K2bbK9o1Oowoz5OEQjuAEbKhCDa6hDg0gMIIHeIYXIzMejVfjbdaaM+YzB/AHxvsP2hOXTw==</latexit><latexit sha1_base64="1yg4GnPiDz/m0kFhZGVT86D4JL4=">AAAB+3icbVDJSgNBEK2JW4zbGI9eGoPgKc7kEi9CUBCPEcwCkzH0dHqSJj0L3T2SMMyveBFRxKv/4MmDN//GznLQxAcFj/eqqKrnxZxJZVnfRm5ldW19I79Z2Nre2d0z94tNGSWC0AaJeCTaHpaUs5A2FFOctmNBceBx2vKGlxO/dU+FZFF4q8YxdQPcD5nPCFZa6prF1jnq+AKT1M7SSjYc3VW6ZskqW1OgZWLPSal2+vH06Vxc1bvmV6cXkSSgoSIcS+nYVqzcFAvFCKdZoZNIGmMyxH3qaBrigEo3nd6eoWOt9JAfCV2hQlP190SKAynHgac7A6wGctGbiP95TqL8MzdlYZwoGpLZIj/hSEVoEgTqMUGJ4mNNMBFM34rIAOsklI6roEOwF19eJs1K2bbK9o1Oowoz5OEQjuAEbKhCDa6hDg0gMIIHeIYXIzMejVfjbdaaM+YzB/AHxvsP2hOXTw==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="yF5gExHwEKYUHqcx6FoKVzf/3y8=">AAAB8HicbZBLSwMxFIXv+Ky16titm2ARXJWZbnQjCG5cVrAPaMeSSTNtaCYzJHekZZi/4saFIv4ad/4b08dCWw8EDuck3JsvTKUw6Hnfztb2zu7efumgfFg5Oj5xTyttk2Sa8RZLZKK7ITVcCsVbKFDybqo5jUPJO+Hkbt53nrk2IlGPOEt5ENOREpFgFG00cKudG9KPNGW5X+SNYjJ9agzcmlf3FiKbxl+ZGqzUHLhf/WHCspgrZJIa0/O9FIOcahRM8qLczwxPKZvQEe9Zq2jMTZAvdi/IhU2GJEq0PQrJIv39IqexMbM4tDdjimOz3s3D/7pehtF1kAuVZsgVWw6KMkkwIXMQZCg0Zyhn1lCmhd2VsDG1JNDiKlsI/vqXN027Ufe9uv/gQQnO4BwuwYcruIV7aEILGEzhBd7g3SmcV+djiWvLWXGrwh85nz+6a5Jr</latexit><latexit sha1_base64="yF5gExHwEKYUHqcx6FoKVzf/3y8=">AAAB8HicbZBLSwMxFIXv+Ky16titm2ARXJWZbnQjCG5cVrAPaMeSSTNtaCYzJHekZZi/4saFIv4ad/4b08dCWw8EDuck3JsvTKUw6Hnfztb2zu7efumgfFg5Oj5xTyttk2Sa8RZLZKK7ITVcCsVbKFDybqo5jUPJO+Hkbt53nrk2IlGPOEt5ENOREpFgFG00cKudG9KPNGW5X+SNYjJ9agzcmlf3FiKbxl+ZGqzUHLhf/WHCspgrZJIa0/O9FIOcahRM8qLczwxPKZvQEe9Zq2jMTZAvdi/IhU2GJEq0PQrJIv39IqexMbM4tDdjimOz3s3D/7pehtF1kAuVZsgVWw6KMkkwIXMQZCg0Zyhn1lCmhd2VsDG1JNDiKlsI/vqXN027Ufe9uv/gQQnO4BwuwYcruIV7aEILGEzhBd7g3SmcV+djiWvLWXGrwh85nz+6a5Jr</latexit><latexit sha1_base64="Xn6STmEVVDZih0zHn9yxiJkum3o=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyCp5L0Ui9CwYvHCvYD2lg22027dLMJuxtpCPkrXjwo4tU/4s1/47bNQVsfDDzem2Fmnh9zprTjfFulre2d3b3yfuXg8Oj4xD6tdlWUSEI7JOKR7PtYUc4E7WimOe3HkuLQ57Tnz24Xfu+JSsUi8aDTmHohnggWMIK1kUZ2tXeDhoHEJHPzrJHP5o+NkV1z6s4SaJO4BalBgfbI/hqOI5KEVGjCsVID14m1l2GpGeE0rwwTRWNMZnhCB4YKHFLlZcvbc3RplDEKImlKaLRUf09kOFQqDX3TGWI9VeveQvzPGyQ6uPYyJuJEU0FWi4KEIx2hRRBozCQlmqeGYCKZuRWRKTZJaBNXxYTgrr+8SbqNuuvU3Xun1moWcZThHC7gClxoQgvuoA0dIDCHZ3iFNyu3Xqx362PVWrKKmTP4A+vzBxJOk8I=</latexit><latexit sha1_base64="Xn6STmEVVDZih0zHn9yxiJkum3o=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyCp5L0Ui9CwYvHCvYD2lg22027dLMJuxtpCPkrXjwo4tU/4s1/47bNQVsfDDzem2Fmnh9zprTjfFulre2d3b3yfuXg8Oj4xD6tdlWUSEI7JOKR7PtYUc4E7WimOe3HkuLQ57Tnz24Xfu+JSsUi8aDTmHohnggWMIK1kUZ2tXeDhoHEJHPzrJHP5o+NkV1z6s4SaJO4BalBgfbI/hqOI5KEVGjCsVID14m1l2GpGeE0rwwTRWNMZnhCB4YKHFLlZcvbc3RplDEKImlKaLRUf09kOFQqDX3TGWI9VeveQvzPGyQ6uPYyJuJEU0FWi4KEIx2hRRBozCQlmqeGYCKZuRWRKTZJaBNXxYTgrr+8SbqNuuvU3Xun1moWcZThHC7gClxoQgvuoA0dIDCHZ3iFNyu3Xqx362PVWrKKmTP4A+vzBxJOk8I=</latexit><latexit sha1_base64="1yg4GnPiDz/m0kFhZGVT86D4JL4=">AAAB+3icbVDJSgNBEK2JW4zbGI9eGoPgKc7kEi9CUBCPEcwCkzH0dHqSJj0L3T2SMMyveBFRxKv/4MmDN//GznLQxAcFj/eqqKrnxZxJZVnfRm5ldW19I79Z2Nre2d0z94tNGSWC0AaJeCTaHpaUs5A2FFOctmNBceBx2vKGlxO/dU+FZFF4q8YxdQPcD5nPCFZa6prF1jnq+AKT1M7SSjYc3VW6ZskqW1OgZWLPSal2+vH06Vxc1bvmV6cXkSSgoSIcS+nYVqzcFAvFCKdZoZNIGmMyxH3qaBrigEo3nd6eoWOt9JAfCV2hQlP190SKAynHgac7A6wGctGbiP95TqL8MzdlYZwoGpLZIj/hSEVoEgTqMUGJ4mNNMBFM34rIAOsklI6roEOwF19eJs1K2bbK9o1Oowoz5OEQjuAEbKhCDa6hDg0gMIIHeIYXIzMejVfjbdaaM+YzB/AHxvsP2hOXTw==</latexit><latexit sha1_base64="1yg4GnPiDz/m0kFhZGVT86D4JL4=">AAAB+3icbVDJSgNBEK2JW4zbGI9eGoPgKc7kEi9CUBCPEcwCkzH0dHqSJj0L3T2SMMyveBFRxKv/4MmDN//GznLQxAcFj/eqqKrnxZxJZVnfRm5ldW19I79Z2Nre2d0z94tNGSWC0AaJeCTaHpaUs5A2FFOctmNBceBx2vKGlxO/dU+FZFF4q8YxdQPcD5nPCFZa6prF1jnq+AKT1M7SSjYc3VW6ZskqW1OgZWLPSal2+vH06Vxc1bvmV6cXkSSgoSIcS+nYVqzcFAvFCKdZoZNIGmMyxH3qaBrigEo3nd6eoWOt9JAfCV2hQlP190SKAynHgac7A6wGctGbiP95TqL8MzdlYZwoGpLZIj/hSEVoEgTqMUGJ4mNNMBFM34rIAOsklI6roEOwF19eJs1K2bbK9o1Oowoz5OEQjuAEbKhCDa6hDg0gMIIHeIYXIzMejVfjbdaaM+YzB/AHxvsP2hOXTw==</latexit><latexit sha1_base64="1yg4GnPiDz/m0kFhZGVT86D4JL4=">AAAB+3icbVDJSgNBEK2JW4zbGI9eGoPgKc7kEi9CUBCPEcwCkzH0dHqSJj0L3T2SMMyveBFRxKv/4MmDN//GznLQxAcFj/eqqKrnxZxJZVnfRm5ldW19I79Z2Nre2d0z94tNGSWC0AaJeCTaHpaUs5A2FFOctmNBceBx2vKGlxO/dU+FZFF4q8YxdQPcD5nPCFZa6prF1jnq+AKT1M7SSjYc3VW6ZskqW1OgZWLPSal2+vH06Vxc1bvmV6cXkSSgoSIcS+nYVqzcFAvFCKdZoZNIGmMyxH3qaBrigEo3nd6eoWOt9JAfCV2hQlP190SKAynHgac7A6wGctGbiP95TqL8MzdlYZwoGpLZIj/hSEVoEgTqMUGJ4mNNMBFM34rIAOsklI6roEOwF19eJs1K2bbK9o1Oowoz5OEQjuAEbKhCDa6hDg0gMIIHeIYXIzMejVfjbdaaM+YzB/AHxvsP2hOXTw==</latexit><latexit sha1_base64="1yg4GnPiDz/m0kFhZGVT86D4JL4=">AAAB+3icbVDJSgNBEK2JW4zbGI9eGoPgKc7kEi9CUBCPEcwCkzH0dHqSJj0L3T2SMMyveBFRxKv/4MmDN//GznLQxAcFj/eqqKrnxZxJZVnfRm5ldW19I79Z2Nre2d0z94tNGSWC0AaJeCTaHpaUs5A2FFOctmNBceBx2vKGlxO/dU+FZFF4q8YxdQPcD5nPCFZa6prF1jnq+AKT1M7SSjYc3VW6ZskqW1OgZWLPSal2+vH06Vxc1bvmV6cXkSSgoSIcS+nYVqzcFAvFCKdZoZNIGmMyxH3qaBrigEo3nd6eoWOt9JAfCV2hQlP190SKAynHgac7A6wGctGbiP95TqL8MzdlYZwoGpLZIj/hSEVoEgTqMUGJ4mNNMBFM34rIAOsklI6roEOwF19eJs1K2bbK9o1Oowoz5OEQjuAEbKhCDa6hDg0gMIIHeIYXIzMejVfjbdaaM+YzB/AHxvsP2hOXTw==</latexit><latexit sha1_base64="Xn6STmEVVDZih0zHn9yxiJkum3o=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyCp5L0Ui9CwYvHCvYD2lg22027dLMJuxtpCPkrXjwo4tU/4s1/47bNQVsfDDzem2Fmnh9zprTjfFulre2d3b3yfuXg8Oj4xD6tdlWUSEI7JOKR7PtYUc4E7WimOe3HkuLQ57Tnz24Xfu+JSsUi8aDTmHohnggWMIK1kUZ2tXeDhoHEJHPzrJHP5o+NkV1z6s4SaJO4BalBgfbI/hqOI5KEVGjCsVID14m1l2GpGeE0rwwTRWNMZnhCB4YKHFLlZcvbc3RplDEKImlKaLRUf09kOFQqDX3TGWI9VeveQvzPGyQ6uPYyJuJEU0FWi4KEIx2hRRBozCQlmqeGYCKZuRWRKTZJaBNXxYTgrr+8SbqNuuvU3Xun1moWcZThHC7gClxoQgvuoA0dIDCHZ3iFNyu3Xqx362PVWrKKmTP4A+vzBxJOk8I=</latexit>



ENERGIA

Energia: habilidade de realizar trabalho

Possíveis formas de energia:

Energia potencial

Energia cinetica

Energia elastica

Podemos transformar um tipo de 
energia em outras formas.

A energia total é conservada.



ENERGIA CINETICA

Ek =
1

2
mv2

<latexit sha1_base64="u6Cqe4aeBuBAGZEhS74Au2LUxR0=">AAAB/nicbVA9SwNBEJ3zM8avU7GyWQyCVbxLExshIIJlBPMBSTz2NnvJkr29Y3cvEI4D/4qFForYWlpa2/lv3HwUmvhg4PHeDDPz/JgzpR3n21paXlldW89t5De3tnd27b39uooSSWiNRDySTR8rypmgNc00p81YUhz6nDb8weXYbwypVCwSt3oU006Ie4IFjGBtJM8+vPIGF+1AYpK6WVrKUIiGdyXPLjhFZwK0SNwZKVTOPh8/AKDq2V/tbkSSkApNOFaq5Tqx7qRYakY4zfLtRNEYkwHu0ZahAodUddLJ+Rk6MUoXBZE0JTSaqL8nUhwqNQp90xli3Vfz3lj8z2slOjjvpEzEiaaCTBcFCUc6QuMsUJdJSjQfGYKJZOZWRPrYZKFNYnkTgjv/8iKpl4quU3RvTBplmCIHR3AMp+BCGSpwDVWoAYEUHuAZXqx768l6td6mrUvWbOYA/sB6/wFlYpdU</latexit><latexit sha1_base64="4Z79Do3OIqENh79eeTsVxWq5Eis=">AAAB/nicbVC7SgNBFJ31GeNrVaxsBoNgFXfTxEYIimIZwTwgWZfZyWwyZGZ2mZkNhGXBX7HQQhFbP8HKws6/cfIoNPHAhcM593LvPUHMqNKO820tLC4tr6zm1vLrG5tb2/bObl1FicSkhiMWyWaAFGFUkJqmmpFmLAniASONoH8x8hsDIhWNxK0exsTjqCtoSDHSRvLt/Uu/f9YOJcKpm6WlDHI4uCv5dsEpOmPAeeJOSaFy8vH42Tq/qvr2V7sT4YQToTFDSrVcJ9ZeiqSmmJEs304UiRHuoy5pGSoQJ8pLx+dn8MgoHRhG0pTQcKz+nkgRV2rIA9PJke6pWW8k/ue1Eh2eeikVcaKJwJNFYcKgjuAoC9ihkmDNhoYgLKm5FeIeMllok1jehODOvjxP6qWi6xTdG5NGGUyQAwfgEBwDF5RBBVyDKqgBDFLwAJ7Bi3VvPVmv1tukdcGazuyBP7DefwCnmJhF</latexit><latexit sha1_base64="4Z79Do3OIqENh79eeTsVxWq5Eis=">AAAB/nicbVC7SgNBFJ31GeNrVaxsBoNgFXfTxEYIimIZwTwgWZfZyWwyZGZ2mZkNhGXBX7HQQhFbP8HKws6/cfIoNPHAhcM593LvPUHMqNKO820tLC4tr6zm1vLrG5tb2/bObl1FicSkhiMWyWaAFGFUkJqmmpFmLAniASONoH8x8hsDIhWNxK0exsTjqCtoSDHSRvLt/Uu/f9YOJcKpm6WlDHI4uCv5dsEpOmPAeeJOSaFy8vH42Tq/qvr2V7sT4YQToTFDSrVcJ9ZeiqSmmJEs304UiRHuoy5pGSoQJ8pLx+dn8MgoHRhG0pTQcKz+nkgRV2rIA9PJke6pWW8k/ue1Eh2eeikVcaKJwJNFYcKgjuAoC9ihkmDNhoYgLKm5FeIeMllok1jehODOvjxP6qWi6xTdG5NGGUyQAwfgEBwDF5RBBVyDKqgBDFLwAJ7Bi3VvPVmv1tukdcGazuyBP7DefwCnmJhF</latexit><latexit sha1_base64="rHIqCnMYx+T+CG+WLCWhO9DcrBE=">AAAB/nicbVBNS8NAEJ34WetXVDx5WSyCp5L0Ui9CQQSPFewHtDFstpt26W4SdjeFEgL+FS8eFPHq7/Dmv3Hb5qCtDwYe780wMy9IOFPacb6ttfWNza3t0k55d2//4NA+Om6rOJWEtkjMY9kNsKKcRbSlmea0m0iKRcBpJxjfzPzOhErF4uhBTxPqCTyMWMgI1kby7dNbf3zdDyUmmZtntRwJNHms+XbFqTpzoFXiFqQCBZq+/dUfxCQVNNKEY6V6rpNoL8NSM8JpXu6niiaYjPGQ9gyNsKDKy+bn5+jCKAMUxtJUpNFc/T2RYaHUVASmU2A9UsveTPzP66U6vPIyFiWpphFZLApTjnSMZlmgAZOUaD41BBPJzK2IjLDJQpvEyiYEd/nlVdKuVV2n6t47lUa9iKMEZ3AOl+BCHRpwB01oAYEMnuEV3qwn68V6tz4WrWtWMXMCf2B9/gDfxJS4</latexit>

m é a massa da partícula e v a sua velocidade. 

Neste exemplo m=1000kg

(a) Qual é a energia cinetica inicial? 

(b) Qual é a energia cinetica final? 



ENERGIA CINETICA

Ek =
1

2
mv2

<latexit sha1_base64="u6Cqe4aeBuBAGZEhS74Au2LUxR0=">AAAB/nicbVA9SwNBEJ3zM8avU7GyWQyCVbxLExshIIJlBPMBSTz2NnvJkr29Y3cvEI4D/4qFForYWlpa2/lv3HwUmvhg4PHeDDPz/JgzpR3n21paXlldW89t5De3tnd27b39uooSSWiNRDySTR8rypmgNc00p81YUhz6nDb8weXYbwypVCwSt3oU006Ie4IFjGBtJM8+vPIGF+1AYpK6WVrKUIiGdyXPLjhFZwK0SNwZKVTOPh8/AKDq2V/tbkSSkApNOFaq5Tqx7qRYakY4zfLtRNEYkwHu0ZahAodUddLJ+Rk6MUoXBZE0JTSaqL8nUhwqNQp90xli3Vfz3lj8z2slOjjvpEzEiaaCTBcFCUc6QuMsUJdJSjQfGYKJZOZWRPrYZKFNYnkTgjv/8iKpl4quU3RvTBplmCIHR3AMp+BCGSpwDVWoAYEUHuAZXqx768l6td6mrUvWbOYA/sB6/wFlYpdU</latexit><latexit sha1_base64="4Z79Do3OIqENh79eeTsVxWq5Eis=">AAAB/nicbVC7SgNBFJ31GeNrVaxsBoNgFXfTxEYIimIZwTwgWZfZyWwyZGZ2mZkNhGXBX7HQQhFbP8HKws6/cfIoNPHAhcM593LvPUHMqNKO820tLC4tr6zm1vLrG5tb2/bObl1FicSkhiMWyWaAFGFUkJqmmpFmLAniASONoH8x8hsDIhWNxK0exsTjqCtoSDHSRvLt/Uu/f9YOJcKpm6WlDHI4uCv5dsEpOmPAeeJOSaFy8vH42Tq/qvr2V7sT4YQToTFDSrVcJ9ZeiqSmmJEs304UiRHuoy5pGSoQJ8pLx+dn8MgoHRhG0pTQcKz+nkgRV2rIA9PJke6pWW8k/ue1Eh2eeikVcaKJwJNFYcKgjuAoC9ihkmDNhoYgLKm5FeIeMllok1jehODOvjxP6qWi6xTdG5NGGUyQAwfgEBwDF5RBBVyDKqgBDFLwAJ7Bi3VvPVmv1tukdcGazuyBP7DefwCnmJhF</latexit><latexit sha1_base64="4Z79Do3OIqENh79eeTsVxWq5Eis=">AAAB/nicbVC7SgNBFJ31GeNrVaxsBoNgFXfTxEYIimIZwTwgWZfZyWwyZGZ2mZkNhGXBX7HQQhFbP8HKws6/cfIoNPHAhcM593LvPUHMqNKO820tLC4tr6zm1vLrG5tb2/bObl1FicSkhiMWyWaAFGFUkJqmmpFmLAniASONoH8x8hsDIhWNxK0exsTjqCtoSDHSRvLt/Uu/f9YOJcKpm6WlDHI4uCv5dsEpOmPAeeJOSaFy8vH42Tq/qvr2V7sT4YQToTFDSrVcJ9ZeiqSmmJEs304UiRHuoy5pGSoQJ8pLx+dn8MgoHRhG0pTQcKz+nkgRV2rIA9PJke6pWW8k/ue1Eh2eeikVcaKJwJNFYcKgjuAoC9ihkmDNhoYgLKm5FeIeMllok1jehODOvjxP6qWi6xTdG5NGGUyQAwfgEBwDF5RBBVyDKqgBDFLwAJ7Bi3VvPVmv1tukdcGazuyBP7DefwCnmJhF</latexit><latexit sha1_base64="rHIqCnMYx+T+CG+WLCWhO9DcrBE=">AAAB/nicbVBNS8NAEJ34WetXVDx5WSyCp5L0Ui9CQQSPFewHtDFstpt26W4SdjeFEgL+FS8eFPHq7/Dmv3Hb5qCtDwYe780wMy9IOFPacb6ttfWNza3t0k55d2//4NA+Om6rOJWEtkjMY9kNsKKcRbSlmea0m0iKRcBpJxjfzPzOhErF4uhBTxPqCTyMWMgI1kby7dNbf3zdDyUmmZtntRwJNHms+XbFqTpzoFXiFqQCBZq+/dUfxCQVNNKEY6V6rpNoL8NSM8JpXu6niiaYjPGQ9gyNsKDKy+bn5+jCKAMUxtJUpNFc/T2RYaHUVASmU2A9UsveTPzP66U6vPIyFiWpphFZLApTjnSMZlmgAZOUaD41BBPJzK2IjLDJQpvEyiYEd/nlVdKuVV2n6t47lUa9iKMEZ3AOl+BCHRpwB01oAYEMnuEV3qwn68V6tz4WrWtWMXMCf2B9/gDfxJS4</latexit>

m é a massa da partícula e v a sua velocidade. 

Neste exemplo m=1000kg

(a) Qual é a energia cinetica inicial? 

(b) Qual é a energia cinetica final? 

Ek =
1

2
1000(60)2 = 1, 8⇥ 106 J

<latexit sha1_base64="SP7DJEC2uEaAAcXU8JOWpJGe8sY="></latexit><latexit sha1_base64="OGTHe2fanNe/u1Yj0REcbNbOHDU="></latexit><latexit sha1_base64="OGTHe2fanNe/u1Yj0REcbNbOHDU="></latexit><latexit sha1_base64="f5iHmfTw+0wukW7TfdPPxhrdWFc="></latexit>

Ek =
1

2
1000(0)2 = 0J

<latexit sha1_base64="JtQTzgKQPovo45QbA5Vn0I6xyaE=">AAACEHicbVDLSgNBEOyN7/iKevQyGMQIEmdziZeAIIJ4UjAmkI1hdjKbDJl9MDMrhGU/wYv/4Bd48aCoN/Hozb9x8jhoYkFDUdVNd5cbCa40xt9WZmZ2bn5hcSm7vLK6tp7b2LxWYSwpq9JQhLLuEsUED1hVcy1YPZKM+K5gNbd3MvBrt0wqHgZXuh+xpk86Afc4JdpIrdzeaatXcTxJaGKnSSlFNsYYFfD+TamCMHIOEkf66Dxt5fK4iIdA08Qek/zx4cfDGwBctHJfTjuksc8CTQVRqmHjSDcTIjWngqVZJ1YsIrRHOqxhaEB8pprJ8KEU7RqljbxQmgo0Gqq/JxLiK9X3XdPpE91Vk95A/M9rxNo7aiY8iGLNAjpa5MUC6RAN0kFtLhnVom8IoZKbWxHtEpOONhlmTQj25MvT5LpUtHHRvjRplGGERdiGHSiADWU4hjO4gCpQuINHeIYX6956sl6t91FrxhrPbMEfWJ8/9u+cOQ==</latexit><latexit sha1_base64="ncNLyhANM6KMo4csZgbe59GHwyI="></latexit><latexit sha1_base64="ncNLyhANM6KMo4csZgbe59GHwyI="></latexit><latexit sha1_base64="JhNvONePxyz0q1QG3kIOjVvd4T4=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsIGXSTd0UCiKIqwr2AU0Mk+mkHTp5MDMRSsgnuPFX3LhQxK1Ld/6N0zYLbT1w4XDOvdx7jxdzJhVC30ZhZXVtfaO4Wdra3tndM/cPOjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrjS+nfveBCsmi8E5NYuoEeBgynxGstOSap1fuuGH7ApPUytJaBi2EEKygs/taAyJon6e2COBN5pplVEUzwGVi5aQMcrRc88seRCQJaKgIx1L2LRQrJ8VCMcJpVrITSWNMxnhI+5qGOKDSSWcPZfBEKwPoR0JXqOBM/T2R4kDKSeDpzgCrkVz0puJ/Xj9R/oWTsjBOFA3JfJGfcKgiOE0HDpigRPGJJpgIpm+FZIR1OkpnWNIhWIsvL5NOrWqhqnWLys16HkcRHIFjUAEWqIMmuAYt0AYEPIJn8ArejCfjxXg3PuatBSOfOQR/YHz+AHFgmZ0=</latexit>

Diminuição da energia cinetica.



ENERGIA CINÉTICA

Outro  exemplo, neste m=1000kg

(a) Qual é a energia cinetica inicial? 

(b) Qual é a energia cinetica final? 

Ek =
1

2
1000(20)2 = 2⇥ 105 J

<latexit sha1_base64="H1Ge2tm1chsiMG0n8mNfgOl58YI="></latexit><latexit sha1_base64="Z9r5TEW++kVtlbq4aw+mzno3P3c="></latexit><latexit sha1_base64="Z9r5TEW++kVtlbq4aw+mzno3P3c="></latexit><latexit sha1_base64="bdLkxK+qJYyvaJXRViJLd48dzUY="></latexit>

Ek =
1

2
1000(30)2 = 9⇥ 105 J

<latexit sha1_base64="E4r1kWeA1BTi1LKJ12rYy9Hpgwk="></latexit><latexit sha1_base64="TLYAghk0bSHWoGCubaoYFTNXMlE="></latexit><latexit sha1_base64="TLYAghk0bSHWoGCubaoYFTNXMlE="></latexit><latexit sha1_base64="JZMCdmtpwKkrCu1pA9OquzITUSE="></latexit>

Aumento da energia cinetica.



TEOREMA TRABALHO-ENERGIA CINÉTICA

O trabalho feito num objeto é igual a mudança da energia cinética.



TEOREMA TRABALHO-ENERGIA CINÉTICA

Primeiro caso:

Segundo caso:

W =
1

2
1000(0)2 � 1

2
1000(60)2 = 0� 1, 8⇥ 106 J = �1, 8⇥ 106 J

<latexit sha1_base64="cMLKjxwsCeUqy2nsCzHRICnFeNI="></latexit><latexit sha1_base64="i8n5ssdQtkrD1MGaR90mS5wygP8="></latexit><latexit sha1_base64="i8n5ssdQtkrD1MGaR90mS5wygP8="></latexit><latexit sha1_base64="pU8qxU4pPWICq7HzG5NCJvl/Acg="></latexit>

W =
1

2
1000(30)2 � 1

2
1000(20)2 = 9⇥ 105 J� 2⇥ 105 J = 7⇥ 105 J

<latexit sha1_base64="+NYX5/juUJUBr+bUCmfeidaC3iQ="></latexit><latexit sha1_base64="0+b+jUyhD2iINCKpsuq361cN2Ng="></latexit><latexit sha1_base64="0+b+jUyhD2iINCKpsuq361cN2Ng="></latexit><latexit sha1_base64="aJwN2+N5elBp3OvMAIhQWGqPSjE="></latexit>

Primeiro caso: energia cinética diminui, trabalho negativo.

Segundo caso: energia cinética aumenta trabalho positivo.



TRABALHO: ENERGIA POTENCIAL E CINETICA.



ENERGIA TOTAL

ENERGIA TOTAL=ENERGIA POTENCIAL+ENERGIA CINETICA

Ei + Ehi = Ef + Ehf =
mv2i
2

+mghi =
mv2f
2

+mghf
<latexit sha1_base64="7Nzq9CINeWYc3eZ1CoFno0DmmRE="></latexit><latexit sha1_base64="ObaOuPQGYd2pVqO/zUCXQvNd30c="></latexit><latexit sha1_base64="ObaOuPQGYd2pVqO/zUCXQvNd30c="></latexit><latexit sha1_base64="Dfz1ql4Ez/f2aie3Ea2k4DPvQMQ="></latexit>



USO DO TEOREMA ENERGIA-TRABALHO

Dado uma pedra foi solta de uma certa altura de h=3,0m

(a) Qual é a velocidade quando a pedra no chão? 
(b) Qual é a velocidade quando a pedra esta a 1m do chão? 



USO DO TEOREMA ENERGIA-TRABALHO

Dado uma pedra foi solta de uma certa altura de h=3,0m e massa=1,0kg

(a) Qual é a velocidade quando a pedra chega no chão? 
(b) Qual é a velocidade quando a pedra esta a 1m do chão? 

Na altura de 3m, temos apenas energia potencial

No chão temos energia cinética e zero energia potencial.

Passo 1: conservação de energia.
Passo 2:  escrever a energia total no inicio.

1.0 02

2
+ 1.0⇥ 10.⇥ 3.0 =

1.0 v2

2
+ 1.0⇥ 10.⇥ 0.0

<latexit sha1_base64="ZAmGHYqy7lfYPEuRHt4EJFsuLWs="></latexit><latexit sha1_base64="FNQbuBbcNLfCNOrqTMQPS8e2urc="></latexit><latexit sha1_base64="FNQbuBbcNLfCNOrqTMQPS8e2urc="></latexit><latexit sha1_base64="AzFClt8CO+Ulr+nCnxYrrWTA0Zo=">AAACQnicfZDLSgMxFIYz9VbrbdSlm2ARBGXI1IVuCgU3LivYi7RjyaSZNjRzIckUyjDP5sYncOcDuHGhiFsXptNZ1FY8kPDnP/8hyedGnEmF0ItRWFldW98obpa2tnd298z9g6YMY0Fog4Q8FG0XS8pZQBuKKU7bkaDYdzltuaPrab81pkKyMLhTk4g6Ph4EzGMEK231zPuuJzBJbAvB7jl6qKRJJT3LTor5VEIbWbm6sFB1Pjz+L4ws1DPLes8KLgs7F2WQV71nPnf7IYl9GijCsZQdG0XKSbBQjHCalrqxpBEmIzygHS0DrC9ykgxBCk+004deKPQKFMzc+YkE+1JOfFcnfayGcrE3Nf/qdWLlXTkJC6JY0YDMLvJiDlUIpzxhnwlKFJ9ogYlg+q2QDLHGpDT1koZgL355WTQrlkZn36JyrZrjKIIjcAxOgQ0uQQ3cgDpoAAIewSt4Bx/Gk/FmfBpfs2jByGcOwa8yvn8ALv2rKg==</latexit>

v=7.7 m/s
<latexit sha1_base64="zqiMxJyq0QgpMifPs7JuDBu1qzY=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgdd6liU0gYGMZwXxIcoS9zV6yZHfv2N0LhCO/wsZCEVt/jp3/xk1yhSY+GHi8N8PMvDDhTBvP+3YKW9s7u3vF/dLB4dHxSfn0rK3jVBHaIjGPVTfEmnImacsww2k3URSLkNNOOLlb+J0pVZrF8tHMEhoIPJIsYgQbKz1N6zW3hsSNHpQrnustgTaJn5MK5GgOyl/9YUxSQaUhHGvd873EBBlWhhFO56V+qmmCyQSPaM9SiQXVQbY8eI6urDJEUaxsSYOW6u+JDAutZyK0nQKbsV73FuJ/Xi810W2QMZmkhkqyWhSlHJkYLb5HQ6YoMXxmCSaK2VsRGWOFibEZlWwI/vrLm6RddX3P9R+qlUY9j6MIF3AJ1+BDDRpwD01oAQEBz/AKb45yXpx352PVWnDymXP4A+fzByajj0s=</latexit><latexit sha1_base64="zqiMxJyq0QgpMifPs7JuDBu1qzY=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgdd6liU0gYGMZwXxIcoS9zV6yZHfv2N0LhCO/wsZCEVt/jp3/xk1yhSY+GHi8N8PMvDDhTBvP+3YKW9s7u3vF/dLB4dHxSfn0rK3jVBHaIjGPVTfEmnImacsww2k3URSLkNNOOLlb+J0pVZrF8tHMEhoIPJIsYgQbKz1N6zW3hsSNHpQrnustgTaJn5MK5GgOyl/9YUxSQaUhHGvd873EBBlWhhFO56V+qmmCyQSPaM9SiQXVQbY8eI6urDJEUaxsSYOW6u+JDAutZyK0nQKbsV73FuJ/Xi810W2QMZmkhkqyWhSlHJkYLb5HQ6YoMXxmCSaK2VsRGWOFibEZlWwI/vrLm6RddX3P9R+qlUY9j6MIF3AJ1+BDDRpwD01oAQEBz/AKb45yXpx352PVWnDymXP4A+fzByajj0s=</latexit><latexit sha1_base64="zqiMxJyq0QgpMifPs7JuDBu1qzY=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgdd6liU0gYGMZwXxIcoS9zV6yZHfv2N0LhCO/wsZCEVt/jp3/xk1yhSY+GHi8N8PMvDDhTBvP+3YKW9s7u3vF/dLB4dHxSfn0rK3jVBHaIjGPVTfEmnImacsww2k3URSLkNNOOLlb+J0pVZrF8tHMEhoIPJIsYgQbKz1N6zW3hsSNHpQrnustgTaJn5MK5GgOyl/9YUxSQaUhHGvd873EBBlWhhFO56V+qmmCyQSPaM9SiQXVQbY8eI6urDJEUaxsSYOW6u+JDAutZyK0nQKbsV73FuJ/Xi810W2QMZmkhkqyWhSlHJkYLb5HQ6YoMXxmCSaK2VsRGWOFibEZlWwI/vrLm6RddX3P9R+qlUY9j6MIF3AJ1+BDDRpwD01oAQEBz/AKb45yXpx352PVWnDymXP4A+fzByajj0s=</latexit><latexit sha1_base64="zqiMxJyq0QgpMifPs7JuDBu1qzY=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgdd6liU0gYGMZwXxIcoS9zV6yZHfv2N0LhCO/wsZCEVt/jp3/xk1yhSY+GHi8N8PMvDDhTBvP+3YKW9s7u3vF/dLB4dHxSfn0rK3jVBHaIjGPVTfEmnImacsww2k3URSLkNNOOLlb+J0pVZrF8tHMEhoIPJIsYgQbKz1N6zW3hsSNHpQrnustgTaJn5MK5GgOyl/9YUxSQaUhHGvd873EBBlWhhFO56V+qmmCyQSPaM9SiQXVQbY8eI6urDJEUaxsSYOW6u+JDAutZyK0nQKbsV73FuJ/Xi810W2QMZmkhkqyWhSlHJkYLb5HQ6YoMXxmCSaK2VsRGWOFibEZlWwI/vrLm6RddX3P9R+qlUY9j6MIF3AJ1+BDDRpwD01oAQEBz/AKb45yXpx352PVWnDymXP4A+fzByajj0s=</latexit>



USO DO TEOREMA ENERGIA-TRABALHO

Imagine duas pessoas descendo uma toboágua. Cada uma 

(a) Quem chega mais rápido no chão?

(b) Quem chega primeiro  no chão?

descendo por uma curva diferente conforme a imagem. 

(I) Paul. (II) Kathleen. (III) Ambos chegam com a mesma velocidade.

(I) Paul. (II) Kathleen. (III) Ambos chegam ao mesmo tempo.



USO DO TEOREMA ENERGIA-TRABALHO

Um  dardo com massa de 0.1 kg é empurrado dentro de uma arma de dardos. A arma

de dardos tem uma mola com constante de k=250 N/m. que é comprimida 6,0 cm e

então é solta. Qual é a velocidade do dardo?  
E

inicio

= E

final

= 0 +
kx

2

1

2
=

mv

2

2

2
+ 0

<latexit sha1_base64="xQIELUgHYclB+SuuLgG/EhG0/Qc="></latexit><latexit sha1_base64="/KW7mb1Z88LGLJAPFHNKx95p4Qk="></latexit><latexit sha1_base64="/KW7mb1Z88LGLJAPFHNKx95p4Qk="></latexit><latexit sha1_base64="rWhgzVND3TrqVp1fljiPzn2CtNw="></latexit>

v2 = 3.0 m/s
<latexit sha1_base64="L35DADYKeCuSDZkzMdItR7VlDVU=">AAAB+HicbVDLSsNAFJ3UV62PRl26GWwFFxKTutBNoeDGZQX7gDaEyXTSDp2ZhJlJoYZ+iRsXirj1U9z5N07bLLT1wIXDOfdy7z1hwqjSrvttFTY2t7Z3irulvf2Dw7J9dNxWcSoxaeGYxbIbIkUYFaSlqWakm0iCeMhIJxzfzf3OhEhFY/GopwnxORoKGlGMtJECu1ydBLX6teNW+5eQX6nArriOuwBcJ15OKiBHM7C/+oMYp5wIjRlSque5ifYzJDXFjMxK/VSRBOExGpKeoQJxovxscfgMnhtlAKNYmhIaLtTfExniSk15aDo50iO16s3F/7xeqqNbP6MiSTUReLkoShnUMZynAAdUEqzZ1BCEJTW3QjxCEmFtsiqZELzVl9dJu+Z4ruM91CqNeh5HEZyCM3ABPHADGuAeNEELYJCCZ/AK3qwn68V6tz6WrQUrnzkBf2B9/gCTHZEO</latexit><latexit sha1_base64="L35DADYKeCuSDZkzMdItR7VlDVU=">AAAB+HicbVDLSsNAFJ3UV62PRl26GWwFFxKTutBNoeDGZQX7gDaEyXTSDp2ZhJlJoYZ+iRsXirj1U9z5N07bLLT1wIXDOfdy7z1hwqjSrvttFTY2t7Z3irulvf2Dw7J9dNxWcSoxaeGYxbIbIkUYFaSlqWakm0iCeMhIJxzfzf3OhEhFY/GopwnxORoKGlGMtJECu1ydBLX6teNW+5eQX6nArriOuwBcJ15OKiBHM7C/+oMYp5wIjRlSque5ifYzJDXFjMxK/VSRBOExGpKeoQJxovxscfgMnhtlAKNYmhIaLtTfExniSk15aDo50iO16s3F/7xeqqNbP6MiSTUReLkoShnUMZynAAdUEqzZ1BCEJTW3QjxCEmFtsiqZELzVl9dJu+Z4ruM91CqNeh5HEZyCM3ABPHADGuAeNEELYJCCZ/AK3qwn68V6tz6WrQUrnzkBf2B9/gCTHZEO</latexit><latexit sha1_base64="L35DADYKeCuSDZkzMdItR7VlDVU=">AAAB+HicbVDLSsNAFJ3UV62PRl26GWwFFxKTutBNoeDGZQX7gDaEyXTSDp2ZhJlJoYZ+iRsXirj1U9z5N07bLLT1wIXDOfdy7z1hwqjSrvttFTY2t7Z3irulvf2Dw7J9dNxWcSoxaeGYxbIbIkUYFaSlqWakm0iCeMhIJxzfzf3OhEhFY/GopwnxORoKGlGMtJECu1ydBLX6teNW+5eQX6nArriOuwBcJ15OKiBHM7C/+oMYp5wIjRlSque5ifYzJDXFjMxK/VSRBOExGpKeoQJxovxscfgMnhtlAKNYmhIaLtTfExniSk15aDo50iO16s3F/7xeqqNbP6MiSTUReLkoShnUMZynAAdUEqzZ1BCEJTW3QjxCEmFtsiqZELzVl9dJu+Z4ruM91CqNeh5HEZyCM3ABPHADGuAeNEELYJCCZ/AK3qwn68V6tz6WrQUrnzkBf2B9/gCTHZEO</latexit><latexit sha1_base64="L35DADYKeCuSDZkzMdItR7VlDVU=">AAAB+HicbVDLSsNAFJ3UV62PRl26GWwFFxKTutBNoeDGZQX7gDaEyXTSDp2ZhJlJoYZ+iRsXirj1U9z5N07bLLT1wIXDOfdy7z1hwqjSrvttFTY2t7Z3irulvf2Dw7J9dNxWcSoxaeGYxbIbIkUYFaSlqWakm0iCeMhIJxzfzf3OhEhFY/GopwnxORoKGlGMtJECu1ydBLX6teNW+5eQX6nArriOuwBcJ15OKiBHM7C/+oMYp5wIjRlSque5ifYzJDXFjMxK/VSRBOExGpKeoQJxovxscfgMnhtlAKNYmhIaLtTfExniSk15aDo50iO16s3F/7xeqqNbP6MiSTUReLkoShnUMZynAAdUEqzZ1BCEJTW3QjxCEmFtsiqZELzVl9dJu+Z4ruM91CqNeh5HEZyCM3ABPHADGuAeNEELYJCCZ/AK3qwn68V6tz6WrQUrnzkBf2B9/gCTHZEO</latexit>



POTENCIA

O tempo para se realizar um certo trabalho mede a potência.

Unidade em Joules/s=W.

Outras unidades usadas: cavalos-força : 1cv=746 W.

P =

Trabalho

Tempo

=

W

t
= F v

<latexit sha1_base64="DEVUSAA3ApBMsFHN60Rkk26O97E="></latexit><latexit sha1_base64="DEVUSAA3ApBMsFHN60Rkk26O97E="></latexit><latexit sha1_base64="DEVUSAA3ApBMsFHN60Rkk26O97E="></latexit><latexit sha1_base64="DEVUSAA3ApBMsFHN60Rkk26O97E="></latexit>



EXERCICIOS DE POTENCIA

Um corredor de 60 kg esta subindo as escadas

em 4.0s. O chão da escada  esta 4.5m abaixo 

(a) Estime a potência do corredor em W e em cavalos-forca 

da parte mais alta da escada.

P =

mgy

tempo

=

60⇥ 9.8⇥ 4.5

4.0
= 660W

<latexit sha1_base64="SAC0bI8foUGhT+aeOr+fSv1As7g="></latexit><latexit sha1_base64="SAC0bI8foUGhT+aeOr+fSv1As7g="></latexit><latexit sha1_base64="SAC0bI8foUGhT+aeOr+fSv1As7g="></latexit><latexit sha1_base64="SAC0bI8foUGhT+aeOr+fSv1As7g="></latexit>

(b) Quanta energia o corredor gastou nesta corrida?

E = Pt = 660W4.0 = 2600 J
<latexit sha1_base64="9on4ItlqwLZkR75ob8UPVJhbZNI=">AAACHHicbVDLSgMxFM3UV62vUZdugkVwUUqmluqmUBBBXFWwD+iUkknTNjSZGZKMUIb5EDf+ihsXirhxIfg3ZtoK2nogcDjnXG7u8ULOlEboy8qsrK6tb2Q3c1vbO7t79v5BUwWRJLRBAh7ItocV5cynDc00p+1QUiw8Tlve+DL1W/dUKhb4d3oS0q7AQ58NGMHaSD377KrqBiaQzsf1BOoqrFSQW4hdKWArgW4BlouoWqqgH/Em6dl5VERTwGXizEkezFHv2R9uPyCRoL4mHCvVcVCouzGWmhFOk5wbKRpiMsZD2jHUx4Kqbjw9LoEnRunDQSDN8zWcqr8nYiyUmgjPJAXWI7XopeJ/XifSg4tuzPww0tQns0WDiEMdwLQp2GeSEs0nhmAimfkrJCMsMdGmz5wpwVk8eZk0S0UHFZ3bcr5WndeRBUfgGJwCB5yDGrgGddAABDyAJ/ACXq1H69l6s95n0Yw1nzkEf2B9fgN+O55x</latexit><latexit sha1_base64="9on4ItlqwLZkR75ob8UPVJhbZNI=">AAACHHicbVDLSgMxFM3UV62vUZdugkVwUUqmluqmUBBBXFWwD+iUkknTNjSZGZKMUIb5EDf+ihsXirhxIfg3ZtoK2nogcDjnXG7u8ULOlEboy8qsrK6tb2Q3c1vbO7t79v5BUwWRJLRBAh7ItocV5cynDc00p+1QUiw8Tlve+DL1W/dUKhb4d3oS0q7AQ58NGMHaSD377KrqBiaQzsf1BOoqrFSQW4hdKWArgW4BlouoWqqgH/Em6dl5VERTwGXizEkezFHv2R9uPyCRoL4mHCvVcVCouzGWmhFOk5wbKRpiMsZD2jHUx4Kqbjw9LoEnRunDQSDN8zWcqr8nYiyUmgjPJAXWI7XopeJ/XifSg4tuzPww0tQns0WDiEMdwLQp2GeSEs0nhmAimfkrJCMsMdGmz5wpwVk8eZk0S0UHFZ3bcr5WndeRBUfgGJwCB5yDGrgGddAABDyAJ/ACXq1H69l6s95n0Yw1nzkEf2B9fgN+O55x</latexit><latexit sha1_base64="9on4ItlqwLZkR75ob8UPVJhbZNI=">AAACHHicbVDLSgMxFM3UV62vUZdugkVwUUqmluqmUBBBXFWwD+iUkknTNjSZGZKMUIb5EDf+ihsXirhxIfg3ZtoK2nogcDjnXG7u8ULOlEboy8qsrK6tb2Q3c1vbO7t79v5BUwWRJLRBAh7ItocV5cynDc00p+1QUiw8Tlve+DL1W/dUKhb4d3oS0q7AQ58NGMHaSD377KrqBiaQzsf1BOoqrFSQW4hdKWArgW4BlouoWqqgH/Em6dl5VERTwGXizEkezFHv2R9uPyCRoL4mHCvVcVCouzGWmhFOk5wbKRpiMsZD2jHUx4Kqbjw9LoEnRunDQSDN8zWcqr8nYiyUmgjPJAXWI7XopeJ/XifSg4tuzPww0tQns0WDiEMdwLQp2GeSEs0nhmAimfkrJCMsMdGmz5wpwVk8eZk0S0UHFZ3bcr5WndeRBUfgGJwCB5yDGrgGddAABDyAJ/ACXq1H69l6s95n0Yw1nzkEf2B9fgN+O55x</latexit><latexit sha1_base64="9on4ItlqwLZkR75ob8UPVJhbZNI=">AAACHHicbVDLSgMxFM3UV62vUZdugkVwUUqmluqmUBBBXFWwD+iUkknTNjSZGZKMUIb5EDf+ihsXirhxIfg3ZtoK2nogcDjnXG7u8ULOlEboy8qsrK6tb2Q3c1vbO7t79v5BUwWRJLRBAh7ItocV5cynDc00p+1QUiw8Tlve+DL1W/dUKhb4d3oS0q7AQ58NGMHaSD377KrqBiaQzsf1BOoqrFSQW4hdKWArgW4BlouoWqqgH/Em6dl5VERTwGXizEkezFHv2R9uPyCRoL4mHCvVcVCouzGWmhFOk5wbKRpiMsZD2jHUx4Kqbjw9LoEnRunDQSDN8zWcqr8nYiyUmgjPJAXWI7XopeJ/XifSg4tuzPww0tQns0WDiEMdwLQp2GeSEs0nhmAimfkrJCMsMdGmz5wpwVk8eZk0S0UHFZ3bcr5WndeRBUfgGJwCB5yDGrgGddAABDyAJ/ACXq1H69l6s95n0Yw1nzkEf2B9fgN+O55x</latexit>



ENERGIA TERMICA

Energia do movimento de moléculas na matéria. 

Agitação molecular = agitação térmica=calor

ENERGIA TERMICA-> ALTERACAO DA TEMPERATURA

Se alterarmos a temperatura por então haverá a troca de calor Q.�t
<latexit sha1_base64="pqGzRDWwEvEAopQc7M+yflK4O+k=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBchoAePEUwMJEuYnfQmQ2YfzvQKIeQnvHhQxKu/482/cZLsQRMLGoqqbrq7glRJQ6777RRWVtfWN4qbpa3tnd298v5B0ySZFtgQiUp0K+AGlYyxQZIUtlKNPAoUPgTD66n/8ITayCS+p1GKfsT7sQyl4GSlVucGFXFG3XLFrbozsGXi5aQCOerd8lenl4gswpiE4sa0PTclf8w1SaFwUupkBlMuhryPbUtjHqHxx7N7J+zEKj0WJtpWTGym/p4Y88iYURTYzojTwCx6U/E/r51ReOmPZZxmhLGYLwozxShh0+dZT2oUpEaWcKGlvZWJAddckI2oZEPwFl9eJs2zqudWvbvzSu0qj6MIR3AMp+DBBdTgFurQAAEKnuEV3pxH58V5dz7mrQUnnzmEP3A+fwCN9I+f</latexit><latexit sha1_base64="pqGzRDWwEvEAopQc7M+yflK4O+k=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBchoAePEUwMJEuYnfQmQ2YfzvQKIeQnvHhQxKu/482/cZLsQRMLGoqqbrq7glRJQ6777RRWVtfWN4qbpa3tnd298v5B0ySZFtgQiUp0K+AGlYyxQZIUtlKNPAoUPgTD66n/8ITayCS+p1GKfsT7sQyl4GSlVucGFXFG3XLFrbozsGXi5aQCOerd8lenl4gswpiE4sa0PTclf8w1SaFwUupkBlMuhryPbUtjHqHxx7N7J+zEKj0WJtpWTGym/p4Y88iYURTYzojTwCx6U/E/r51ReOmPZZxmhLGYLwozxShh0+dZT2oUpEaWcKGlvZWJAddckI2oZEPwFl9eJs2zqudWvbvzSu0qj6MIR3AMp+DBBdTgFurQAAEKnuEV3pxH58V5dz7mrQUnnzmEP3A+fwCN9I+f</latexit><latexit sha1_base64="pqGzRDWwEvEAopQc7M+yflK4O+k=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBchoAePEUwMJEuYnfQmQ2YfzvQKIeQnvHhQxKu/482/cZLsQRMLGoqqbrq7glRJQ6777RRWVtfWN4qbpa3tnd298v5B0ySZFtgQiUp0K+AGlYyxQZIUtlKNPAoUPgTD66n/8ITayCS+p1GKfsT7sQyl4GSlVucGFXFG3XLFrbozsGXi5aQCOerd8lenl4gswpiE4sa0PTclf8w1SaFwUupkBlMuhryPbUtjHqHxx7N7J+zEKj0WJtpWTGym/p4Y88iYURTYzojTwCx6U/E/r51ReOmPZZxmhLGYLwozxShh0+dZT2oUpEaWcKGlvZWJAddckI2oZEPwFl9eJs2zqudWvbvzSu0qj6MIR3AMp+DBBdTgFurQAAEKnuEV3pxH58V5dz7mrQUnnzmEP3A+fwCN9I+f</latexit><latexit sha1_base64="pqGzRDWwEvEAopQc7M+yflK4O+k=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBchoAePEUwMJEuYnfQmQ2YfzvQKIeQnvHhQxKu/482/cZLsQRMLGoqqbrq7glRJQ6777RRWVtfWN4qbpa3tnd298v5B0ySZFtgQiUp0K+AGlYyxQZIUtlKNPAoUPgTD66n/8ITayCS+p1GKfsT7sQyl4GSlVucGFXFG3XLFrbozsGXi5aQCOerd8lenl4gswpiE4sa0PTclf8w1SaFwUupkBlMuhryPbUtjHqHxx7N7J+zEKj0WJtpWTGym/p4Y88iYURTYzojTwCx6U/E/r51ReOmPZZxmhLGYLwozxShh0+dZT2oUpEaWcKGlvZWJAddckI2oZEPwFl9eJs2zqudWvbvzSu0qj6MIR3AMp+DBBdTgFurQAAEKnuEV3pxH58V5dz7mrQUnnzmEP3A+fwCN9I+f</latexit>

Q = C�t
<latexit sha1_base64="hH14aD26UqPvnDQ5YUFITga7QUE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQrAePLVhbSEPZbDft0s0m7E6EUvozvHhQxKu/xpv/xm2bg7Y+GHi8N8PMvDCVwqDrfjuFtfWNza3idmlnd2//oHx49GiSTDPeYolMdCekhkuheAsFSt5JNadxKHk7HNVnfvuJayMS9YDjlAcxHSgRCUbRSn7zpt694xIpwV654lbdOcgq8XJSgRyNXvmr209YFnOFTFJjfM9NMZhQjYJJPi11M8NTykZ0wH1LFY25CSbzk6fkzCp9EiXalkIyV39PTGhszDgObWdMcWiWvZn4n+dnGF0HE6HSDLlii0VRJgkmZPY/6QvNGcqxJZRpYW8lbEg1ZWhTKtkQvOWXV8njRdVzq17zslK7zeMowgmcwjl4cAU1uIcGtIBBAs/wCm8OOi/Ou/OxaC04+cwx/IHz+QNCmpCT</latexit><latexit sha1_base64="hH14aD26UqPvnDQ5YUFITga7QUE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQrAePLVhbSEPZbDft0s0m7E6EUvozvHhQxKu/xpv/xm2bg7Y+GHi8N8PMvDCVwqDrfjuFtfWNza3idmlnd2//oHx49GiSTDPeYolMdCekhkuheAsFSt5JNadxKHk7HNVnfvuJayMS9YDjlAcxHSgRCUbRSn7zpt694xIpwV654lbdOcgq8XJSgRyNXvmr209YFnOFTFJjfM9NMZhQjYJJPi11M8NTykZ0wH1LFY25CSbzk6fkzCp9EiXalkIyV39PTGhszDgObWdMcWiWvZn4n+dnGF0HE6HSDLlii0VRJgkmZPY/6QvNGcqxJZRpYW8lbEg1ZWhTKtkQvOWXV8njRdVzq17zslK7zeMowgmcwjl4cAU1uIcGtIBBAs/wCm8OOi/Ou/OxaC04+cwx/IHz+QNCmpCT</latexit><latexit sha1_base64="hH14aD26UqPvnDQ5YUFITga7QUE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQrAePLVhbSEPZbDft0s0m7E6EUvozvHhQxKu/xpv/xm2bg7Y+GHi8N8PMvDCVwqDrfjuFtfWNza3idmlnd2//oHx49GiSTDPeYolMdCekhkuheAsFSt5JNadxKHk7HNVnfvuJayMS9YDjlAcxHSgRCUbRSn7zpt694xIpwV654lbdOcgq8XJSgRyNXvmr209YFnOFTFJjfM9NMZhQjYJJPi11M8NTykZ0wH1LFY25CSbzk6fkzCp9EiXalkIyV39PTGhszDgObWdMcWiWvZn4n+dnGF0HE6HSDLlii0VRJgkmZPY/6QvNGcqxJZRpYW8lbEg1ZWhTKtkQvOWXV8njRdVzq17zslK7zeMowgmcwjl4cAU1uIcGtIBBAs/wCm8OOi/Ou/OxaC04+cwx/IHz+QNCmpCT</latexit><latexit sha1_base64="hH14aD26UqPvnDQ5YUFITga7QUE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQrAePLVhbSEPZbDft0s0m7E6EUvozvHhQxKu/xpv/xm2bg7Y+GHi8N8PMvDCVwqDrfjuFtfWNza3idmlnd2//oHx49GiSTDPeYolMdCekhkuheAsFSt5JNadxKHk7HNVnfvuJayMS9YDjlAcxHSgRCUbRSn7zpt694xIpwV654lbdOcgq8XJSgRyNXvmr209YFnOFTFJjfM9NMZhQjYJJPi11M8NTykZ0wH1LFY25CSbzk6fkzCp9EiXalkIyV39PTGhszDgObWdMcWiWvZn4n+dnGF0HE6HSDLlii0VRJgkmZPY/6QvNGcqxJZRpYW8lbEg1ZWhTKtkQvOWXV8njRdVzq17zslK7zeMowgmcwjl4cAU1uIcGtIBBAs/wCm8OOi/Ou/OxaC04+cwx/IHz+QNCmpCT</latexit>

C capacidade calorifica do corpo



DEFINIÇÃO DE QUILOCALORIAS (KCAL)

1 kcal = a quantidade de calor necessária para aumentar a temperatura da agua em 1 C.

Jargão nutricionista: Caloria=1000 calorias = 1kcal.

Equivalencia de energia termica e energia mecanica:  
1kcal=4186 J



TAXAS METABÓLICAS

Comida  (energia química)-> trabalho+energia térmica -> gordura (energia química) 

Taxa Metabólica: quão rápido os alimentos são processados para obter energia  

Metabolismo: todas as reações químicas que ocorre no corpo.



TAXAS METABÓLICAS

https://www.khanacademy.org/science/biology/principles-of-
physiology/metabolism-and-thermoregulation/a/metabolic-rate

ATP:Adenosine triphosphate 

ADP: Adenosine diphosphate 

Khan Academy

https://www.khanacademy.org/science/biology/principles-of-physiology/metabolism-and-thermoregulation/a/metabolic-rate


TAXAS METABÓLICAS

Mantenimento da  temperatura constante



TAXAS METABÓLICAS BASAIS

Taxa Metabólica basal: taxa quando o animal esta em repouso. 

Quem tem a taxa mais alta?



VALOR CALORICO E COMIDA

Assuma que uma pessoa consumiu 2500 kcal por dia..
Quantas  gramas de gordura esta pessoa vai adquirir?

Vamos estimar usando  o valor total.: 1,22 kcal/min

1.22 kcal/min⇥ 60⇥ 24 = 1757 kcal/dia
<latexit sha1_base64="wSCnXDy913iqwJ35RkuEM2Amgiw="></latexit><latexit sha1_base64="wSCnXDy913iqwJ35RkuEM2Amgiw="></latexit><latexit sha1_base64="wSCnXDy913iqwJ35RkuEM2Amgiw="></latexit><latexit sha1_base64="wSCnXDy913iqwJ35RkuEM2Amgiw="></latexit>

Esta é a quantidade de energia gasta num dia.



VALOR CALORICO E COMIDA

A quantidade de energia gasta num dia: 1757 kcal/dia

Se a pessoa consumir 2500 kcal por dia, então haverá sobra de 2500-1757=743 kcal/dia 

Quanto chocolate  isto corresponde?  Olhando na Tabela  um chocolate fornece 5,28 kcal/g

Então temos 

743 cal/dia =

✓
743 cal/dia

5.28 kcal/g

◆
chocolate = (140. g/dia) chocolate

<latexit sha1_base64="zYmB5JQ+l0xQMUTcEclP9aO6zkA="></latexit><latexit sha1_base64="zYmB5JQ+l0xQMUTcEclP9aO6zkA="></latexit><latexit sha1_base64="zYmB5JQ+l0xQMUTcEclP9aO6zkA="></latexit><latexit sha1_base64="zYmB5JQ+l0xQMUTcEclP9aO6zkA="></latexit>



CALOR/TEMPERATURA/ENERGIA INTERNA

Calor é a transferencia de energia entre dois corpos.

Energia interna:

Vibração

Rotação



CALOR ESPECIFICO

Q = C�T
<latexit sha1_base64="iCzH+eugU9Nf5mjA8YAfk8ey+U0=">AAACCHicbVDLSsNAFL2pr1pfUZcuHCyCq5KIoAhCoS5cttAXNKFMphM7dPJgZiKUkKUbf8WNC0Xc+gnu/BunaRbaemDgcM59zfFizqSyrG+jtLK6tr5R3qxsbe/s7pn7B10ZJYLQDol4JPoelpSzkHYUU5z2Y0Fx4HHa8yaNmd97oEKyKGyraUzdAN+HzGcEKy0NzWOUOvmUVBs0VDhDrZsGcm4pVxi1s6FZtWpWDrRM7IJUoUBzaH45o4gkgZ5FOJZyYFuxclMsFCOcZhUnkTTGZKK3DTQNcUClm+YnZOhUKyPkR0K/UKFc/d2R4kDKaeDpygCrsVz0ZuJ/3iBR/pWbsjBOFA3JfJGfcKQiNEsFjZigRPGpJpgIpm9FZIwFJkpnV9Eh2ItfXibd85pt1ezWRbV+XcRRhiM4gTOw4RLqcAdN6ACBR3iGV3gznowX4934mJeWjKLnEP7A+PwBpmGZDA==</latexit><latexit sha1_base64="iCzH+eugU9Nf5mjA8YAfk8ey+U0=">AAACCHicbVDLSsNAFL2pr1pfUZcuHCyCq5KIoAhCoS5cttAXNKFMphM7dPJgZiKUkKUbf8WNC0Xc+gnu/BunaRbaemDgcM59zfFizqSyrG+jtLK6tr5R3qxsbe/s7pn7B10ZJYLQDol4JPoelpSzkHYUU5z2Y0Fx4HHa8yaNmd97oEKyKGyraUzdAN+HzGcEKy0NzWOUOvmUVBs0VDhDrZsGcm4pVxi1s6FZtWpWDrRM7IJUoUBzaH45o4gkgZ5FOJZyYFuxclMsFCOcZhUnkTTGZKK3DTQNcUClm+YnZOhUKyPkR0K/UKFc/d2R4kDKaeDpygCrsVz0ZuJ/3iBR/pWbsjBOFA3JfJGfcKQiNEsFjZigRPGpJpgIpm9FZIwFJkpnV9Eh2ItfXibd85pt1ezWRbV+XcRRhiM4gTOw4RLqcAdN6ACBR3iGV3gznowX4934mJeWjKLnEP7A+PwBpmGZDA==</latexit><latexit sha1_base64="iCzH+eugU9Nf5mjA8YAfk8ey+U0=">AAACCHicbVDLSsNAFL2pr1pfUZcuHCyCq5KIoAhCoS5cttAXNKFMphM7dPJgZiKUkKUbf8WNC0Xc+gnu/BunaRbaemDgcM59zfFizqSyrG+jtLK6tr5R3qxsbe/s7pn7B10ZJYLQDol4JPoelpSzkHYUU5z2Y0Fx4HHa8yaNmd97oEKyKGyraUzdAN+HzGcEKy0NzWOUOvmUVBs0VDhDrZsGcm4pVxi1s6FZtWpWDrRM7IJUoUBzaH45o4gkgZ5FOJZyYFuxclMsFCOcZhUnkTTGZKK3DTQNcUClm+YnZOhUKyPkR0K/UKFc/d2R4kDKaeDpygCrsVz0ZuJ/3iBR/pWbsjBOFA3JfJGfcKQiNEsFjZigRPGpJpgIpm9FZIwFJkpnV9Eh2ItfXibd85pt1ezWRbV+XcRRhiM4gTOw4RLqcAdN6ACBR3iGV3gznowX4934mJeWjKLnEP7A+PwBpmGZDA==</latexit><latexit sha1_base64="iCzH+eugU9Nf5mjA8YAfk8ey+U0=">AAACCHicbVDLSsNAFL2pr1pfUZcuHCyCq5KIoAhCoS5cttAXNKFMphM7dPJgZiKUkKUbf8WNC0Xc+gnu/BunaRbaemDgcM59zfFizqSyrG+jtLK6tr5R3qxsbe/s7pn7B10ZJYLQDol4JPoelpSzkHYUU5z2Y0Fx4HHa8yaNmd97oEKyKGyraUzdAN+HzGcEKy0NzWOUOvmUVBs0VDhDrZsGcm4pVxi1s6FZtWpWDrRM7IJUoUBzaH45o4gkgZ5FOJZyYFuxclMsFCOcZhUnkTTGZKK3DTQNcUClm+YnZOhUKyPkR0K/UKFc/d2R4kDKaeDpygCrsVz0ZuJ/3iBR/pWbsjBOFA3JfJGfcKQiNEsFjZigRPGpJpgIpm9FZIwFJkpnV9Eh2ItfXibd85pt1ezWRbV+XcRRhiM4gTOw4RLqcAdN6ACBR3iGV3gznowX4934mJeWjKLnEP7A+PwBpmGZDA==</latexit>

C = m c,  c calor especifico
Imagine um balde de ferro de 20kg . 

(a) Quanto calor é necessário para   para  aumentar  a temperatura de 

10 graus Celsius para 90 graus Celsius?

Q = 20⇥ (450 J/Kg/oC) (80) = 720 kJ
<latexit sha1_base64="gNjNFSf5EHaky0rn4YB2sE28O/o="></latexit><latexit sha1_base64="gNjNFSf5EHaky0rn4YB2sE28O/o="></latexit><latexit sha1_base64="gNjNFSf5EHaky0rn4YB2sE28O/o="></latexit><latexit sha1_base64="gNjNFSf5EHaky0rn4YB2sE28O/o="></latexit>

Q = 20⇥ (4186 J/Kg/oC) (80) = 6700 kJ
<latexit sha1_base64="4n/wW22eBfA0RJkd1VZvi8JzTag="></latexit><latexit sha1_base64="4n/wW22eBfA0RJkd1VZvi8JzTag="></latexit><latexit sha1_base64="4n/wW22eBfA0RJkd1VZvi8JzTag="></latexit><latexit sha1_base64="4n/wW22eBfA0RJkd1VZvi8JzTag="></latexit>



CALOR LATENTE

Em algumas situações a adição/remoção  de calor

não altera a temperatura.



CALOR LATENTE

Observe que nas mudanças o gráfico fica horizontal sem mudança de temperatura.



TRANSFERENCIA DE CALOR

Condução
Convecção
Radiação

Possíveis  formas de transferencia de calor:



Condução

Passagem de calor  de um meio a outro: colisões de moléculas



Convecção

Circulação de varias moléculas 



Radiação

Radiação: emissão de onda eletromagnéticas



RESUMO:

Trabalho:  da forca peso, da forca elastica.

Energia cinetica e potencial

Energia total: teorema trabalho e energia cinética.

Potencia,

Taxas metabólicas

Calor: calor especifico e latente


