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PARTICULAS E ONDAS  

Particular : trajetorias

Colisoes : particulas se chocam  



ONDAS MECÂNICAS

Ondas numa lago: meio de transporte

Padrão de repetição: comprimento de onda

Amplitudes da onda



ONDAS MECÂNICAS II

Tipos de ondas:

Transversais

Longitudinais



ONDAS MECÂNICAS III

Maximos e Minimos: amplitudes

Comprimento de onda: repetições



INTERFERENCIA E DIFRAÇÃO

Interferencia: maximos e minimos

Difracao: obstaculo



ONDAS ELETROMAGNETICAS



ONDAS ELETROMAGNETICAS II



ONDAS ELETROMAGNETICAS III

Ondas eletromagnéticas sao sempre transversais: 

Se desloca mesmo no vacuo,

velocidade de propagação constante, velocidade da luz



ONDAS ELETROMAGNETICAS IV

Ondas eletromagnéticas: padrão de repetição nos máximos da 
amplitude e no tempo, respectivamente comprimento de onda e 
frequência.
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ONDAS ELETROMAGNETICAS V

1 Hz = 1 s�1
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Difração  
<latexit sha1_base64="CPeEMjUCx3WaD3RGo/lTPbtpdYc=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBJGISwt5mL1myt3vszinhyL+wsVDE1n9j579xk1yhiQ8GHu/NMDMvTKSw6PvfXmFldW19o7hZ2tre2d0r7x80rU4N4w2mpTb3IbVcCsUbKFDy+8RwGoeSt8LR9dRvPXJjhVZ3OE54N6YDJSLBKDrpoSN5hNQY/dQrV/yqPwNZJkFOKpCj3it/dfqapTFXyCS1th34CXYzalAwySelTmp5QtmIDnjbUUVjbrvZ7OIJOXFKn0TauFJIZurviYzG1o7j0HXGFId20ZuK/3ntFKPLbiZUkiJXbL4oSiVBTabvk74wnKEcO0KZEe5WwobUUIYupJILIVh8eZk0z6qBXw1uzyu1qzyOIhzBMZxCABdQgxuoQwMYKHiGV3jzrPfivXsf89aCl88cwh94nz/rCpEQ</latexit><latexit sha1_base64="CPeEMjUCx3WaD3RGo/lTPbtpdYc=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBJGISwt5mL1myt3vszinhyL+wsVDE1n9j579xk1yhiQ8GHu/NMDMvTKSw6PvfXmFldW19o7hZ2tre2d0r7x80rU4N4w2mpTb3IbVcCsUbKFDy+8RwGoeSt8LR9dRvPXJjhVZ3OE54N6YDJSLBKDrpoSN5hNQY/dQrV/yqPwNZJkFOKpCj3it/dfqapTFXyCS1th34CXYzalAwySelTmp5QtmIDnjbUUVjbrvZ7OIJOXFKn0TauFJIZurviYzG1o7j0HXGFId20ZuK/3ntFKPLbiZUkiJXbL4oSiVBTabvk74wnKEcO0KZEe5WwobUUIYupJILIVh8eZk0z6qBXw1uzyu1qzyOIhzBMZxCABdQgxuoQwMYKHiGV3jzrPfivXsf89aCl88cwh94nz/rCpEQ</latexit><latexit sha1_base64="CPeEMjUCx3WaD3RGo/lTPbtpdYc=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBJGISwt5mL1myt3vszinhyL+wsVDE1n9j579xk1yhiQ8GHu/NMDMvTKSw6PvfXmFldW19o7hZ2tre2d0r7x80rU4N4w2mpTb3IbVcCsUbKFDy+8RwGoeSt8LR9dRvPXJjhVZ3OE54N6YDJSLBKDrpoSN5hNQY/dQrV/yqPwNZJkFOKpCj3it/dfqapTFXyCS1th34CXYzalAwySelTmp5QtmIDnjbUUVjbrvZ7OIJOXFKn0TauFJIZurviYzG1o7j0HXGFId20ZuK/3ntFKPLbiZUkiJXbL4oSiVBTabvk74wnKEcO0KZEe5WwobUUIYupJILIVh8eZk0z6qBXw1uzyu1qzyOIhzBMZxCABdQgxuoQwMYKHiGV3jzrPfivXsf89aCl88cwh94nz/rCpEQ</latexit><latexit sha1_base64="CPeEMjUCx3WaD3RGo/lTPbtpdYc=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBJGISwt5mL1myt3vszinhyL+wsVDE1n9j579xk1yhiQ8GHu/NMDMvTKSw6PvfXmFldW19o7hZ2tre2d0r7x80rU4N4w2mpTb3IbVcCsUbKFDy+8RwGoeSt8LR9dRvPXJjhVZ3OE54N6YDJSLBKDrpoSN5hNQY/dQrV/yqPwNZJkFOKpCj3it/dfqapTFXyCS1th34CXYzalAwySelTmp5QtmIDnjbUUVjbrvZ7OIJOXFKn0TauFJIZurviYzG1o7j0HXGFId20ZuK/3ntFKPLbiZUkiJXbL4oSiVBTabvk74wnKEcO0KZEe5WwobUUIYupJILIVh8eZk0z6qBXw1uzyu1qzyOIhzBMZxCABdQgxuoQwMYKHiGV3jzrPfivXsf89aCl88cwh94nz/rCpEQ</latexit>



DIFRAÇÃO DE ONDAS ELETROMAGNÉTICAS

a sin ✓ = m�
<latexit sha1_base64="7jMeCMl4GEUAs2ZfoTjeTKgOFMY=">AAACAnicbVA9SwNBFNyLXzF+nVqJzWIQrMKdCNoIQRvLCCYGckd4t9kkS/b2jt13QgjBxr9iY6GIrb/Czn/jJrlCEwcWhpk3vH0TpVIY9Lxvp7C0vLK6VlwvbWxube+4u3sNk2Sa8TpLZKKbERguheJ1FCh5M9Uc4kjy+2hwPfHvH7g2IlF3OEx5GENPia5ggFZquwdAAyMUDbDPEegljWkgbbwDbbfsVbwp6CLxc1ImOWpt9yvoJCyLuUImwZiW76UYjkCjYJKPS0FmeApsAD3eslRBzE04mp4wpsdW6dBuou1TSKfq78QIYmOGcWQnY8C+mfcm4n9eK8PuRTgSKs2QKzZb1M0kxYRO+qAdoTlDObQEmBb2r5T1QQND21rJluDPn7xIGqcV36v4t2fl6lVeR5EckiNyQnxyTqrkhtRInTDySJ7JK3lznpwX5935mI0WnDyzT/7A+fwBaIOWJQ==</latexit><latexit sha1_base64="7jMeCMl4GEUAs2ZfoTjeTKgOFMY=">AAACAnicbVA9SwNBFNyLXzF+nVqJzWIQrMKdCNoIQRvLCCYGckd4t9kkS/b2jt13QgjBxr9iY6GIrb/Czn/jJrlCEwcWhpk3vH0TpVIY9Lxvp7C0vLK6VlwvbWxube+4u3sNk2Sa8TpLZKKbERguheJ1FCh5M9Uc4kjy+2hwPfHvH7g2IlF3OEx5GENPia5ggFZquwdAAyMUDbDPEegljWkgbbwDbbfsVbwp6CLxc1ImOWpt9yvoJCyLuUImwZiW76UYjkCjYJKPS0FmeApsAD3eslRBzE04mp4wpsdW6dBuou1TSKfq78QIYmOGcWQnY8C+mfcm4n9eK8PuRTgSKs2QKzZb1M0kxYRO+qAdoTlDObQEmBb2r5T1QQND21rJluDPn7xIGqcV36v4t2fl6lVeR5EckiNyQnxyTqrkhtRInTDySJ7JK3lznpwX5935mI0WnDyzT/7A+fwBaIOWJQ==</latexit><latexit sha1_base64="7jMeCMl4GEUAs2ZfoTjeTKgOFMY=">AAACAnicbVA9SwNBFNyLXzF+nVqJzWIQrMKdCNoIQRvLCCYGckd4t9kkS/b2jt13QgjBxr9iY6GIrb/Czn/jJrlCEwcWhpk3vH0TpVIY9Lxvp7C0vLK6VlwvbWxube+4u3sNk2Sa8TpLZKKbERguheJ1FCh5M9Uc4kjy+2hwPfHvH7g2IlF3OEx5GENPia5ggFZquwdAAyMUDbDPEegljWkgbbwDbbfsVbwp6CLxc1ImOWpt9yvoJCyLuUImwZiW76UYjkCjYJKPS0FmeApsAD3eslRBzE04mp4wpsdW6dBuou1TSKfq78QIYmOGcWQnY8C+mfcm4n9eK8PuRTgSKs2QKzZb1M0kxYRO+qAdoTlDObQEmBb2r5T1QQND21rJluDPn7xIGqcV36v4t2fl6lVeR5EckiNyQnxyTqrkhtRInTDySJ7JK3lznpwX5935mI0WnDyzT/7A+fwBaIOWJQ==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="VNgMyIk4ej+CtE53n0cxDxGRGF0=">AAAB93icbZBLSwMxFIXv+Ky1anUnboJFcFVm3OhGENy4rGAf0BnKnTRtQzOZIbkjlFLc+FfcuFDEf+LOf2P6WGjrgcDhnFyS+8WZkpZ8/9tbW9/Y3Nou7BR3S3v7B+XDUsOmueGizlOVmlaMViipRZ0kKdHKjMAkVqIZD2+nffNRGCtT/UCjTEQJ9rXsSY7kok75GFlopWYhDQQhu2YJC5Ub72KnXPGr/kxs1QQLU4GFap3yV9hNeZ4ITVyhte3AzygaoyHJlZgUw9yKDPkQ+6LtrMZE2Gg8W2HCzlzSZb3UuKOJzdLfE2NMrB0lsbuZIA3scjcN/+vaOfWuorHUWU5C8/lDvVwxStmUB+tKIzipkTPIjXR/ZXyABjk5akUHIVheedU0LqqBXw3ufSjACZzCOQRwCTdwBzWoA4cneIE3ePeevVfvY45rzVtwO4I/8j5/APO3lLg=</latexit><latexit sha1_base64="VNgMyIk4ej+CtE53n0cxDxGRGF0=">AAAB93icbZBLSwMxFIXv+Ky1anUnboJFcFVm3OhGENy4rGAf0BnKnTRtQzOZIbkjlFLc+FfcuFDEf+LOf2P6WGjrgcDhnFyS+8WZkpZ8/9tbW9/Y3Nou7BR3S3v7B+XDUsOmueGizlOVmlaMViipRZ0kKdHKjMAkVqIZD2+nffNRGCtT/UCjTEQJ9rXsSY7kok75GFlopWYhDQQhu2YJC5Ub72KnXPGr/kxs1QQLU4GFap3yV9hNeZ4ITVyhte3AzygaoyHJlZgUw9yKDPkQ+6LtrMZE2Gg8W2HCzlzSZb3UuKOJzdLfE2NMrB0lsbuZIA3scjcN/+vaOfWuorHUWU5C8/lDvVwxStmUB+tKIzipkTPIjXR/ZXyABjk5akUHIVheedU0LqqBXw3ufSjACZzCOQRwCTdwBzWoA4cneIE3ePeevVfvY45rzVtwO4I/8j5/APO3lLg=</latexit><latexit sha1_base64="Qqzxfyh5hWAoAwReEyj0GYvdcWA=">AAACAnicbVC7SgNBFJ2Nrxhfq1ZiMxgEq7Bro40QtLGMYB6QDeHu7GwyZHZ2mbkrhBBs/BUbC0Vs/Qo7/8bJo9DEAwOHc+7hzj1hJoVBz/t2Ciura+sbxc3S1vbO7p67f9Awaa4Zr7NUproVguFSKF5HgZK3Ms0hCSVvhoObid984NqIVN3jMOOdBHpKxIIBWqnrHgENjFA0wD5HoFc0oYG08Qi6btmreFPQZeLPSZnMUeu6X0GUsjzhCpkEY9q+l2FnBBoFk3xcCnLDM2AD6PG2pQoSbjqj6QljemqViMaptk8hnaq/EyNIjBkmoZ1MAPtm0ZuI/3ntHOPLzkioLEeu2GxRnEuKKZ30QSOhOUM5tASYFvavlPVBA0PbWsmW4C+evEwa5xXfq/h3Xrl6Pa+jSI7JCTkjPrkgVXJLaqROGHkkz+SVvDlPzovz7nzMRgvOPHNI/sD5/AFnQ5Yh</latexit><latexit sha1_base64="7jMeCMl4GEUAs2ZfoTjeTKgOFMY=">AAACAnicbVA9SwNBFNyLXzF+nVqJzWIQrMKdCNoIQRvLCCYGckd4t9kkS/b2jt13QgjBxr9iY6GIrb/Czn/jJrlCEwcWhpk3vH0TpVIY9Lxvp7C0vLK6VlwvbWxube+4u3sNk2Sa8TpLZKKbERguheJ1FCh5M9Uc4kjy+2hwPfHvH7g2IlF3OEx5GENPia5ggFZquwdAAyMUDbDPEegljWkgbbwDbbfsVbwp6CLxc1ImOWpt9yvoJCyLuUImwZiW76UYjkCjYJKPS0FmeApsAD3eslRBzE04mp4wpsdW6dBuou1TSKfq78QIYmOGcWQnY8C+mfcm4n9eK8PuRTgSKs2QKzZb1M0kxYRO+qAdoTlDObQEmBb2r5T1QQND21rJluDPn7xIGqcV36v4t2fl6lVeR5EckiNyQnxyTqrkhtRInTDySJ7JK3lznpwX5935mI0WnDyzT/7A+fwBaIOWJQ==</latexit><latexit sha1_base64="7jMeCMl4GEUAs2ZfoTjeTKgOFMY=">AAACAnicbVA9SwNBFNyLXzF+nVqJzWIQrMKdCNoIQRvLCCYGckd4t9kkS/b2jt13QgjBxr9iY6GIrb/Czn/jJrlCEwcWhpk3vH0TpVIY9Lxvp7C0vLK6VlwvbWxube+4u3sNk2Sa8TpLZKKbERguheJ1FCh5M9Uc4kjy+2hwPfHvH7g2IlF3OEx5GENPia5ggFZquwdAAyMUDbDPEegljWkgbbwDbbfsVbwp6CLxc1ImOWpt9yvoJCyLuUImwZiW76UYjkCjYJKPS0FmeApsAD3eslRBzE04mp4wpsdW6dBuou1TSKfq78QIYmOGcWQnY8C+mfcm4n9eK8PuRTgSKs2QKzZb1M0kxYRO+qAdoTlDObQEmBb2r5T1QQND21rJluDPn7xIGqcV36v4t2fl6lVeR5EckiNyQnxyTqrkhtRInTDySJ7JK3lznpwX5935mI0WnDyzT/7A+fwBaIOWJQ==</latexit><latexit sha1_base64="7jMeCMl4GEUAs2ZfoTjeTKgOFMY=">AAACAnicbVA9SwNBFNyLXzF+nVqJzWIQrMKdCNoIQRvLCCYGckd4t9kkS/b2jt13QgjBxr9iY6GIrb/Czn/jJrlCEwcWhpk3vH0TpVIY9Lxvp7C0vLK6VlwvbWxube+4u3sNk2Sa8TpLZKKbERguheJ1FCh5M9Uc4kjy+2hwPfHvH7g2IlF3OEx5GENPia5ggFZquwdAAyMUDbDPEegljWkgbbwDbbfsVbwp6CLxc1ImOWpt9yvoJCyLuUImwZiW76UYjkCjYJKPS0FmeApsAD3eslRBzE04mp4wpsdW6dBuou1TSKfq78QIYmOGcWQnY8C+mfcm4n9eK8PuRTgSKs2QKzZb1M0kxYRO+qAdoTlDObQEmBb2r5T1QQND21rJluDPn7xIGqcV36v4t2fl6lVeR5EckiNyQnxyTqrkhtRInTDySJ7JK3lznpwX5935mI0WnDyzT/7A+fwBaIOWJQ==</latexit><latexit sha1_base64="7jMeCMl4GEUAs2ZfoTjeTKgOFMY=">AAACAnicbVA9SwNBFNyLXzF+nVqJzWIQrMKdCNoIQRvLCCYGckd4t9kkS/b2jt13QgjBxr9iY6GIrb/Czn/jJrlCEwcWhpk3vH0TpVIY9Lxvp7C0vLK6VlwvbWxube+4u3sNk2Sa8TpLZKKbERguheJ1FCh5M9Uc4kjy+2hwPfHvH7g2IlF3OEx5GENPia5ggFZquwdAAyMUDbDPEegljWkgbbwDbbfsVbwp6CLxc1ImOWpt9yvoJCyLuUImwZiW76UYjkCjYJKPS0FmeApsAD3eslRBzE04mp4wpsdW6dBuou1TSKfq78QIYmOGcWQnY8C+mfcm4n9eK8PuRTgSKs2QKzZb1M0kxYRO+qAdoTlDObQEmBb2r5T1QQND21rJluDPn7xIGqcV36v4t2fl6lVeR5EckiNyQnxyTqrkhtRInTDySJ7JK3lznpwX5935mI0WnDyzT/7A+fwBaIOWJQ==</latexit><latexit sha1_base64="7jMeCMl4GEUAs2ZfoTjeTKgOFMY=">AAACAnicbVA9SwNBFNyLXzF+nVqJzWIQrMKdCNoIQRvLCCYGckd4t9kkS/b2jt13QgjBxr9iY6GIrb/Czn/jJrlCEwcWhpk3vH0TpVIY9Lxvp7C0vLK6VlwvbWxube+4u3sNk2Sa8TpLZKKbERguheJ1FCh5M9Uc4kjy+2hwPfHvH7g2IlF3OEx5GENPia5ggFZquwdAAyMUDbDPEegljWkgbbwDbbfsVbwp6CLxc1ImOWpt9yvoJCyLuUImwZiW76UYjkCjYJKPS0FmeApsAD3eslRBzE04mp4wpsdW6dBuou1TSKfq78QIYmOGcWQnY8C+mfcm4n9eK8PuRTgSKs2QKzZb1M0kxYRO+qAdoTlDObQEmBb2r5T1QQND21rJluDPn7xIGqcV36v4t2fl6lVeR5EckiNyQnxyTqrkhtRInTDySJ7JK3lznpwX5935mI0WnDyzT/7A+fwBaIOWJQ==</latexit><latexit sha1_base64="7jMeCMl4GEUAs2ZfoTjeTKgOFMY=">AAACAnicbVA9SwNBFNyLXzF+nVqJzWIQrMKdCNoIQRvLCCYGckd4t9kkS/b2jt13QgjBxr9iY6GIrb/Czn/jJrlCEwcWhpk3vH0TpVIY9Lxvp7C0vLK6VlwvbWxube+4u3sNk2Sa8TpLZKKbERguheJ1FCh5M9Uc4kjy+2hwPfHvH7g2IlF3OEx5GENPia5ggFZquwdAAyMUDbDPEegljWkgbbwDbbfsVbwp6CLxc1ImOWpt9yvoJCyLuUImwZiW76UYjkCjYJKPS0FmeApsAD3eslRBzE04mp4wpsdW6dBuou1TSKfq78QIYmOGcWQnY8C+mfcm4n9eK8PuRTgSKs2QKzZb1M0kxYRO+qAdoTlDObQEmBb2r5T1QQND21rJluDPn7xIGqcV36v4t2fl6lVeR5EckiNyQnxyTqrkhtRInTDySJ7JK3lznpwX5935mI0WnDyzT/7A+fwBaIOWJQ==</latexit>
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