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A NATUREZA ONDULATORIA DA MATERIA 

Do experimento Compton e fotoelétrico a luz parece se comportar 
como uma partícula.

Louis de Broglie propôs por similaridade que partículas poderiam ter 
comportamento de ondas.
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<latexit sha1_base64="IpTQN9XWKr6QXdEla4ma8SH5U8M=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBVUmkoBuh4MZlBfuAJpTJdNIOnUzCzEQIIf6KGxeKuPVD3Pk3TtsstPXAwOGcc7l3TpBwprTjfFuVjc2t7Z3qbm1v/+DwyD4+6ak4lYR2ScxjOQiwopwJ2tVMczpIJMVRwGk/mN3O/f4jlYrF4kFnCfUjPBEsZARrI43susdNeIxvvFBikk+LPClGdsNpOgugdeKWpAElOiP7yxvHJI2o0IRjpYauk2g/x1IzwmlR81JFE0xmeEKHhgocUeXni+MLdG6UMQpjaZ7QaKH+nshxpFQWBSYZYT1Vq95c/M8bpjq89nMmklRTQZaLwpQjHaN5E2jMJCWaZ4ZgIpm5FZEpNi1o01fNlOCufnmd9C6brtN071uNdqusowqncAYX4MIVtOEOOtAFAhk8wyu8WU/Wi/VufSyjFaucqcMfWJ8/NqSVFQ==</latexit><latexit sha1_base64="IpTQN9XWKr6QXdEla4ma8SH5U8M=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBVUmkoBuh4MZlBfuAJpTJdNIOnUzCzEQIIf6KGxeKuPVD3Pk3TtsstPXAwOGcc7l3TpBwprTjfFuVjc2t7Z3qbm1v/+DwyD4+6ak4lYR2ScxjOQiwopwJ2tVMczpIJMVRwGk/mN3O/f4jlYrF4kFnCfUjPBEsZARrI43susdNeIxvvFBikk+LPClGdsNpOgugdeKWpAElOiP7yxvHJI2o0IRjpYauk2g/x1IzwmlR81JFE0xmeEKHhgocUeXni+MLdG6UMQpjaZ7QaKH+nshxpFQWBSYZYT1Vq95c/M8bpjq89nMmklRTQZaLwpQjHaN5E2jMJCWaZ4ZgIpm5FZEpNi1o01fNlOCufnmd9C6brtN071uNdqusowqncAYX4MIVtOEOOtAFAhk8wyu8WU/Wi/VufSyjFaucqcMfWJ8/NqSVFQ==</latexit><latexit sha1_base64="IpTQN9XWKr6QXdEla4ma8SH5U8M=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBVUmkoBuh4MZlBfuAJpTJdNIOnUzCzEQIIf6KGxeKuPVD3Pk3TtsstPXAwOGcc7l3TpBwprTjfFuVjc2t7Z3qbm1v/+DwyD4+6ak4lYR2ScxjOQiwopwJ2tVMczpIJMVRwGk/mN3O/f4jlYrF4kFnCfUjPBEsZARrI43susdNeIxvvFBikk+LPClGdsNpOgugdeKWpAElOiP7yxvHJI2o0IRjpYauk2g/x1IzwmlR81JFE0xmeEKHhgocUeXni+MLdG6UMQpjaZ7QaKH+nshxpFQWBSYZYT1Vq95c/M8bpjq89nMmklRTQZaLwpQjHaN5E2jMJCWaZ4ZgIpm5FZEpNi1o01fNlOCufnmd9C6brtN071uNdqusowqncAYX4MIVtOEOOtAFAhk8wyu8WU/Wi/VufSyjFaucqcMfWJ8/NqSVFQ==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="N6DE6+lkrs6M6EYdk1Lsz3yKOKc=">AAAB8XicbZDNS8MwGMbfzq85p1Y9egkOwdNIvehFELx4nOA+YC0jTdMtLE1Lkgql1H/FiwdF/Ge8+d+YfRx084HAw/O8IW9+YSa4Nhh/O7WNza3tnfpuY6+5f3DoHjV7Os0VZV2ailQNQqKZ4JJ1DTeCDTLFSBIK1g+nd7O+/8SU5ql8NEXGgoSMJY85JcZGI/fEF3Y4Ijd+rAgtJ1WZVSO3hdt4LrRuvKVpwVKdkfvlRynNEyYNFUTroYczE5REGU4Fqxp+rllG6JSM2dBaSRKmg3K+fIXObRKhOFX2SIPm6e8bJUm0LpLQTibETPRqNwv/64a5ia+DksssN0zSxUNxLpBJ0YwEirhi1IjCGkIVt7siOiGWgrG8GhaCt/rlddO7bHu47T1gqMMpnMEFeHAFt3APHegChQJe4A3enWfn1flY4Ko5S27H8EfO5w/QEJO8</latexit><latexit sha1_base64="N6DE6+lkrs6M6EYdk1Lsz3yKOKc=">AAAB8XicbZDNS8MwGMbfzq85p1Y9egkOwdNIvehFELx4nOA+YC0jTdMtLE1Lkgql1H/FiwdF/Ge8+d+YfRx084HAw/O8IW9+YSa4Nhh/O7WNza3tnfpuY6+5f3DoHjV7Os0VZV2ailQNQqKZ4JJ1DTeCDTLFSBIK1g+nd7O+/8SU5ql8NEXGgoSMJY85JcZGI/fEF3Y4Ijd+rAgtJ1WZVSO3hdt4LrRuvKVpwVKdkfvlRynNEyYNFUTroYczE5REGU4Fqxp+rllG6JSM2dBaSRKmg3K+fIXObRKhOFX2SIPm6e8bJUm0LpLQTibETPRqNwv/64a5ia+DksssN0zSxUNxLpBJ0YwEirhi1IjCGkIVt7siOiGWgrG8GhaCt/rlddO7bHu47T1gqMMpnMEFeHAFt3APHegChQJe4A3enWfn1flY4Ko5S27H8EfO5w/QEJO8</latexit><latexit sha1_base64="OvcCiInbCsaSzFiIwbIwlUQXsVA=">AAAB/HicbVDLSsNAFL3xWesr2qWbwSK4KokIuhEKblxWsA9oQplMJu3QySTMTIQQ4q+4caGIWz/EnX/jtM1CWw8MHM45l3vnBClnSjvOt7W2vrG5tV3bqe/u7R8c2kfHPZVkktAuSXgiBwFWlDNBu5ppTgeppDgOOO0H09uZ33+kUrFEPOg8pX6Mx4JFjGBtpJHd8LgJh/jGiyQmxaQs0nJkN52WMwdaJW5FmlChM7K/vDAhWUyFJhwrNXSdVPsFlpoRTsu6lymaYjLFYzo0VOCYKr+YH1+iM6OEKEqkeUKjufp7osCxUnkcmGSM9UQtezPxP2+Y6ejaL5hIM00FWSyKMo50gmZNoJBJSjTPDcFEMnMrIhNsWtCmr7opwV3+8irpXbRcp+XeO832ZVVHDU7gFM7BhStowx10oAsEcniGV3iznqwX6936WETXrGqmAX9gff4ANWSVEQ==</latexit><latexit sha1_base64="IpTQN9XWKr6QXdEla4ma8SH5U8M=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBVUmkoBuh4MZlBfuAJpTJdNIOnUzCzEQIIf6KGxeKuPVD3Pk3TtsstPXAwOGcc7l3TpBwprTjfFuVjc2t7Z3qbm1v/+DwyD4+6ak4lYR2ScxjOQiwopwJ2tVMczpIJMVRwGk/mN3O/f4jlYrF4kFnCfUjPBEsZARrI43susdNeIxvvFBikk+LPClGdsNpOgugdeKWpAElOiP7yxvHJI2o0IRjpYauk2g/x1IzwmlR81JFE0xmeEKHhgocUeXni+MLdG6UMQpjaZ7QaKH+nshxpFQWBSYZYT1Vq95c/M8bpjq89nMmklRTQZaLwpQjHaN5E2jMJCWaZ4ZgIpm5FZEpNi1o01fNlOCufnmd9C6brtN071uNdqusowqncAYX4MIVtOEOOtAFAhk8wyu8WU/Wi/VufSyjFaucqcMfWJ8/NqSVFQ==</latexit><latexit sha1_base64="IpTQN9XWKr6QXdEla4ma8SH5U8M=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBVUmkoBuh4MZlBfuAJpTJdNIOnUzCzEQIIf6KGxeKuPVD3Pk3TtsstPXAwOGcc7l3TpBwprTjfFuVjc2t7Z3qbm1v/+DwyD4+6ak4lYR2ScxjOQiwopwJ2tVMczpIJMVRwGk/mN3O/f4jlYrF4kFnCfUjPBEsZARrI43susdNeIxvvFBikk+LPClGdsNpOgugdeKWpAElOiP7yxvHJI2o0IRjpYauk2g/x1IzwmlR81JFE0xmeEKHhgocUeXni+MLdG6UMQpjaZ7QaKH+nshxpFQWBSYZYT1Vq95c/M8bpjq89nMmklRTQZaLwpQjHaN5E2jMJCWaZ4ZgIpm5FZEpNi1o01fNlOCufnmd9C6brtN071uNdqusowqncAYX4MIVtOEOOtAFAhk8wyu8WU/Wi/VufSyjFaucqcMfWJ8/NqSVFQ==</latexit><latexit sha1_base64="IpTQN9XWKr6QXdEla4ma8SH5U8M=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBVUmkoBuh4MZlBfuAJpTJdNIOnUzCzEQIIf6KGxeKuPVD3Pk3TtsstPXAwOGcc7l3TpBwprTjfFuVjc2t7Z3qbm1v/+DwyD4+6ak4lYR2ScxjOQiwopwJ2tVMczpIJMVRwGk/mN3O/f4jlYrF4kFnCfUjPBEsZARrI43susdNeIxvvFBikk+LPClGdsNpOgugdeKWpAElOiP7yxvHJI2o0IRjpYauk2g/x1IzwmlR81JFE0xmeEKHhgocUeXni+MLdG6UMQpjaZ7QaKH+nshxpFQWBSYZYT1Vq95c/M8bpjq89nMmklRTQZaLwpQjHaN5E2jMJCWaZ4ZgIpm5FZEpNi1o01fNlOCufnmd9C6brtN071uNdqusowqncAYX4MIVtOEOOtAFAhk8wyu8WU/Wi/VufSyjFaucqcMfWJ8/NqSVFQ==</latexit><latexit sha1_base64="IpTQN9XWKr6QXdEla4ma8SH5U8M=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBVUmkoBuh4MZlBfuAJpTJdNIOnUzCzEQIIf6KGxeKuPVD3Pk3TtsstPXAwOGcc7l3TpBwprTjfFuVjc2t7Z3qbm1v/+DwyD4+6ak4lYR2ScxjOQiwopwJ2tVMczpIJMVRwGk/mN3O/f4jlYrF4kFnCfUjPBEsZARrI43susdNeIxvvFBikk+LPClGdsNpOgugdeKWpAElOiP7yxvHJI2o0IRjpYauk2g/x1IzwmlR81JFE0xmeEKHhgocUeXni+MLdG6UMQpjaZ7QaKH+nshxpFQWBSYZYT1Vq95c/M8bpjq89nMmklRTQZaLwpQjHaN5E2jMJCWaZ4ZgIpm5FZEpNi1o01fNlOCufnmd9C6brtN071uNdqusowqncAYX4MIVtOEOOtAFAhk8wyu8WU/Wi/VufSyjFaucqcMfWJ8/NqSVFQ==</latexit><latexit sha1_base64="IpTQN9XWKr6QXdEla4ma8SH5U8M=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBVUmkoBuh4MZlBfuAJpTJdNIOnUzCzEQIIf6KGxeKuPVD3Pk3TtsstPXAwOGcc7l3TpBwprTjfFuVjc2t7Z3qbm1v/+DwyD4+6ak4lYR2ScxjOQiwopwJ2tVMczpIJMVRwGk/mN3O/f4jlYrF4kFnCfUjPBEsZARrI43susdNeIxvvFBikk+LPClGdsNpOgugdeKWpAElOiP7yxvHJI2o0IRjpYauk2g/x1IzwmlR81JFE0xmeEKHhgocUeXni+MLdG6UMQpjaZ7QaKH+nshxpFQWBSYZYT1Vq95c/M8bpjq89nMmklRTQZaLwpQjHaN5E2jMJCWaZ4ZgIpm5FZEpNi1o01fNlOCufnmd9C6brtN071uNdqusowqncAYX4MIVtOEOOtAFAhk8wyu8WU/Wi/VufSyjFaucqcMfWJ8/NqSVFQ==</latexit><latexit sha1_base64="IpTQN9XWKr6QXdEla4ma8SH5U8M=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBVUmkoBuh4MZlBfuAJpTJdNIOnUzCzEQIIf6KGxeKuPVD3Pk3TtsstPXAwOGcc7l3TpBwprTjfFuVjc2t7Z3qbm1v/+DwyD4+6ak4lYR2ScxjOQiwopwJ2tVMczpIJMVRwGk/mN3O/f4jlYrF4kFnCfUjPBEsZARrI43susdNeIxvvFBikk+LPClGdsNpOgugdeKWpAElOiP7yxvHJI2o0IRjpYauk2g/x1IzwmlR81JFE0xmeEKHhgocUeXni+MLdG6UMQpjaZ7QaKH+nshxpFQWBSYZYT1Vq95c/M8bpjq89nMmklRTQZaLwpQjHaN5E2jMJCWaZ4ZgIpm5FZEpNi1o01fNlOCufnmd9C6brtN071uNdqusowqncAYX4MIVtOEOOtAFAhk8wyu8WU/Wi/VufSyjFaucqcMfWJ8/NqSVFQ==</latexit>

p=mv onde m massa da partícula e v a velocidade



EXEMPLOS DE COMPRIMENTO DE ONDA DE DE BROGLIE

Electron se movimenta com a velocidade                                v = 6, 0⇥ 106m/s
<latexit sha1_base64="lVUf1TCCwb4UKKaUZn8eDBt/6UQ=">AAACBHicbVC7SgNBFL0bXzG+Vi0DMhgEC4m7FtFGCdhYRjAPSNYwO5kkQ2Z2l5nZQFhS2PgP6exsLBSx9SPs/Bsnj0ITD1w4nHMv997jR5wp7TjfVmppeWV1Lb2e2djc2t6xd/cqKowloWUS8lDWfKwoZwEta6Y5rUWSYuFzWvV712O/2qdSsTC404OIegJ3AtZmBGsjNe1s/7Jw4qCGZoIq5Dr3BZQ0pEDiVA2bds7JOxOgReLOSK54MBo9AUCpaX81WiGJBQ004VipuutE2kuw1IxwOsw0YkUjTHq4Q+uGBtjs9JLJE0N0ZJQWaofSVKDRRP09kWCh1ED4plNg3VXz3lj8z6vHun3hJSyIYk0DMl3UjjnSIRonglpMUqL5wBBMJDO3ItLFEhNtcsuYENz5lxdJ5SzvOnn31qRxBVOkIQuHcAwunEMRbqAEZSDwAM/wCm/Wo/VivVsf09aUNZvZhz+wPn8AnyqYWw==</latexit><latexit sha1_base64="+R8iZCAWcYHG+s+EB3FWMS568u8=">AAACBHicbVC7SgNBFJ2Nrxhfq5YBGQyChcRdi2ijBGwsI5gHZNcwO5lNBmdml5nZQFhS2PgP+gM2ForY+hF2/o2zSQpNPHDhcM693HtPEDOqtON8W7mFxaXllfxqYW19Y3PL3t5pqCiRmNRxxCLZCpAijApS11Qz0oolQTxgpBncXWZ+c0CkopG40cOY+Bz1BA0pRtpIHbs4OK8cOdDTlBMFXee2AlNPcsiP1ahjl5yyMwacJ+6UlKp7jxmeah37y+tGOOFEaMyQUm3XibWfIqkpZmRU8BJFYoTvUI+0DRXI7PTT8RMjeGCULgwjaUpoOFZ/T6SIKzXkgenkSPfVrJeJ/3ntRIdnfkpFnGgi8GRRmDCoI5glArtUEqzZ0BCEJTW3QtxHEmFtciuYENzZl+dJ46TsOmX32qRxASbIgyLYB4fABaegCq5ADdQBBvfgGbyCN+vBerHerY9Ja86azuyCP7A+fwD8Z5og</latexit><latexit sha1_base64="+R8iZCAWcYHG+s+EB3FWMS568u8=">AAACBHicbVC7SgNBFJ2Nrxhfq5YBGQyChcRdi2ijBGwsI5gHZNcwO5lNBmdml5nZQFhS2PgP+gM2ForY+hF2/o2zSQpNPHDhcM693HtPEDOqtON8W7mFxaXllfxqYW19Y3PL3t5pqCiRmNRxxCLZCpAijApS11Qz0oolQTxgpBncXWZ+c0CkopG40cOY+Bz1BA0pRtpIHbs4OK8cOdDTlBMFXee2AlNPcsiP1ahjl5yyMwacJ+6UlKp7jxmeah37y+tGOOFEaMyQUm3XibWfIqkpZmRU8BJFYoTvUI+0DRXI7PTT8RMjeGCULgwjaUpoOFZ/T6SIKzXkgenkSPfVrJeJ/3ntRIdnfkpFnGgi8GRRmDCoI5glArtUEqzZ0BCEJTW3QtxHEmFtciuYENzZl+dJ46TsOmX32qRxASbIgyLYB4fABaegCq5ADdQBBvfgGbyCN+vBerHerY9Ja86azuyCP7A+fwD8Z5og</latexit><latexit sha1_base64="Pu/u16yLlVmmSQ3J45W0b8hpnik=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoNgIXHWItooARvLCOYB2TXMTmaTITOzy8xsICwpbPwVGwtFbP0IO//GyaPQxAMXDufcy733hAln2iD07eRWVtfWN/Kbha3tnd09d/+goeNUEVonMY9VK8SaciZp3TDDaStRFIuQ02Y4uJn4zSFVmsXy3owSGgjckyxiBBsrddzi8KpyiqBvmKAaeuihAjNfCSjO9LjjllAZTQGXiTcnJTBHreN++d2YpIJKQzjWuu2hxAQZVoYRTscFP9U0wWSAe7RtqcR2Z5BNnxjDY6t0YRQrW9LAqfp7IsNC65EIbafApq8XvYn4n9dOTXQZZEwmqaGSzBZFKYcmhpNEYJcpSgwfWYKJYvZWSPpYYWJsbgUbgrf48jJpnJc9VPbuUKl6PY8jD4rgCJwAD1yAKrgFNVAHBDyCZ/AK3pwn58V5dz5mrTlnPnMI/sD5/AGrWJYr</latexit>

Uma bola de 0,2kg movendo-se a 15 m/s

� =
h

mv
=

6.63⇥ 10�34

(9, 1⇥ 10�31)(6, 0⇥ 106m/s
= 1, 2⇥ 10�10m

<latexit sha1_base64="FOPVSapozcj42SqUQJGMovlwaGc="></latexit><latexit sha1_base64="FOPVSapozcj42SqUQJGMovlwaGc="></latexit><latexit sha1_base64="FOPVSapozcj42SqUQJGMovlwaGc="></latexit><latexit sha1_base64="FOPVSapozcj42SqUQJGMovlwaGc="></latexit>

� =
h

mv
=

6.63⇥ 10�34

(0, 2)(15m/s
= 2, 2⇥ 10�34m

<latexit sha1_base64="hClWUrX8QG8JODBy6gD2WLPzsMQ="></latexit><latexit sha1_base64="hClWUrX8QG8JODBy6gD2WLPzsMQ="></latexit><latexit sha1_base64="hClWUrX8QG8JODBy6gD2WLPzsMQ="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="lhaIylKLJdTCiGD835UwN10Gw/o="></latexit><latexit sha1_base64="lhaIylKLJdTCiGD835UwN10Gw/o="></latexit><latexit sha1_base64="KGM1kCJChZaC3hwb51h9MVNFLUw="></latexit><latexit sha1_base64="hClWUrX8QG8JODBy6gD2WLPzsMQ="></latexit><latexit sha1_base64="hClWUrX8QG8JODBy6gD2WLPzsMQ="></latexit><latexit sha1_base64="hClWUrX8QG8JODBy6gD2WLPzsMQ="></latexit><latexit sha1_base64="hClWUrX8QG8JODBy6gD2WLPzsMQ="></latexit><latexit sha1_base64="hClWUrX8QG8JODBy6gD2WLPzsMQ="></latexit><latexit sha1_base64="hClWUrX8QG8JODBy6gD2WLPzsMQ="></latexit>



COMPRIMENTO DE ONDA ELETTROMAGNETICA 



EXPERIMENTO DE DAVISSON-GERMER



EXPERIMENTO DE DAVISSON-GERMER



EXPERIMENTO DE DAVISSON-GERMER

Quando um elétron colide num cristal ele faz uma padrão de difração

Electron difrata-> carater ondulatorio



EXPERIMENTO DE JOHNSSON (1961)



DIFRACAO DE FULLERENO



DIFRACAO DE UM ELETRON



MODELOS DO ATOMO:

Modelo de Thomson:  elétrons são imersos num pudim



MODELOS DO ATOMO: RUTHERFORD

Espalhamento para tras: bola de chumbo e bola de gude



MODELOS DO ATOMO: RUTHERFORD

Rutherford:  o átomo não esta espalhado: vazios



ESPECTRO ATOMICO

Gas rarefeito e aquecido: linhas discretas



ESPECTRO ATOMICO: O QUE VEMOS? 

Espectro acima: hidrogênio

Espectro meio: helio



SERIE DE BALMER
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<latexit sha1_base64="YFTWeR+vLszpyyiXf8Qp44GsgTw=">AAACJHicbVDLSsNAFJ34rPVVdekmWIS6sCRFUBSh4MZlFfuAJpbJZNIOnUzCzI1QQj7Gjb/ixoUPXLjxW5w+KNp6YeDcc+7hzj1ezJkCy/oyFhaXlldWc2v59Y3Nre3Czm5DRYkktE4iHsmWhxXlTNA6MOC0FUuKQ4/Tpte/GurNByoVi8QdDGLqhrgrWMAIBk11ChdOIDFJ7Sx1uHb5OLu8dTgNoDQVKveV7HjaCd05knV7cNQpFK2yNSpzHtgTUESTqnUK744fkSSkAgjHSrVtKwY3xRIY4TTLO4miMSZ93KVtDQUOqXLT0ZGZeagZ3wwiqZ8Ac8T+dqQ4VGoQenoyxNBTs9qQ/E9rJxCcuSkTcQJUkPGiIOEmROYwMdNnkhLgAw0wkUz/1SQ9rOMAnWteh2DPnjwPGpWybZXtm5Ni9XwSRw7towNUQjY6RVV0jWqojgh6RM/oFb0ZT8aL8WF8jkcXjIlnD/0p4/sHfrGlRw==</latexit><latexit sha1_base64="YFTWeR+vLszpyyiXf8Qp44GsgTw=">AAACJHicbVDLSsNAFJ34rPVVdekmWIS6sCRFUBSh4MZlFfuAJpbJZNIOnUzCzI1QQj7Gjb/ixoUPXLjxW5w+KNp6YeDcc+7hzj1ezJkCy/oyFhaXlldWc2v59Y3Nre3Czm5DRYkktE4iHsmWhxXlTNA6MOC0FUuKQ4/Tpte/GurNByoVi8QdDGLqhrgrWMAIBk11ChdOIDFJ7Sx1uHb5OLu8dTgNoDQVKveV7HjaCd05knV7cNQpFK2yNSpzHtgTUESTqnUK744fkSSkAgjHSrVtKwY3xRIY4TTLO4miMSZ93KVtDQUOqXLT0ZGZeagZ3wwiqZ8Ac8T+dqQ4VGoQenoyxNBTs9qQ/E9rJxCcuSkTcQJUkPGiIOEmROYwMdNnkhLgAw0wkUz/1SQ9rOMAnWteh2DPnjwPGpWybZXtm5Ni9XwSRw7towNUQjY6RVV0jWqojgh6RM/oFb0ZT8aL8WF8jkcXjIlnD/0p4/sHfrGlRw==</latexit><latexit sha1_base64="YFTWeR+vLszpyyiXf8Qp44GsgTw=">AAACJHicbVDLSsNAFJ34rPVVdekmWIS6sCRFUBSh4MZlFfuAJpbJZNIOnUzCzI1QQj7Gjb/ixoUPXLjxW5w+KNp6YeDcc+7hzj1ezJkCy/oyFhaXlldWc2v59Y3Nre3Czm5DRYkktE4iHsmWhxXlTNA6MOC0FUuKQ4/Tpte/GurNByoVi8QdDGLqhrgrWMAIBk11ChdOIDFJ7Sx1uHb5OLu8dTgNoDQVKveV7HjaCd05knV7cNQpFK2yNSpzHtgTUESTqnUK744fkSSkAgjHSrVtKwY3xRIY4TTLO4miMSZ93KVtDQUOqXLT0ZGZeagZ3wwiqZ8Ac8T+dqQ4VGoQenoyxNBTs9qQ/E9rJxCcuSkTcQJUkPGiIOEmROYwMdNnkhLgAw0wkUz/1SQ9rOMAnWteh2DPnjwPGpWybZXtm5Ni9XwSRw7towNUQjY6RVV0jWqojgh6RM/oFb0ZT8aL8WF8jkcXjIlnD/0p4/sHfrGlRw==</latexit><latexit sha1_base64="YFTWeR+vLszpyyiXf8Qp44GsgTw=">AAACJHicbVDLSsNAFJ34rPVVdekmWIS6sCRFUBSh4MZlFfuAJpbJZNIOnUzCzI1QQj7Gjb/ixoUPXLjxW5w+KNp6YeDcc+7hzj1ezJkCy/oyFhaXlldWc2v59Y3Nre3Czm5DRYkktE4iHsmWhxXlTNA6MOC0FUuKQ4/Tpte/GurNByoVi8QdDGLqhrgrWMAIBk11ChdOIDFJ7Sx1uHb5OLu8dTgNoDQVKveV7HjaCd05knV7cNQpFK2yNSpzHtgTUESTqnUK744fkSSkAgjHSrVtKwY3xRIY4TTLO4miMSZ93KVtDQUOqXLT0ZGZeagZ3wwiqZ8Ac8T+dqQ4VGoQenoyxNBTs9qQ/E9rJxCcuSkTcQJUkPGiIOEmROYwMdNnkhLgAw0wkUz/1SQ9rOMAnWteh2DPnjwPGpWybZXtm5Ni9XwSRw7towNUQjY6RVV0jWqojgh6RM/oFb0ZT8aL8WF8jkcXjIlnD/0p4/sHfrGlRw==</latexit>

comprimento de onda�
<latexit sha1_base64="/FyonCCmqMS860zRdQiuJOMh+mc=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQiVFwV3LisYB/QhjKZTNqhk0mYuRFK6Ee4caGIW7/HnX/jtM1CWw8MHM45l7n3BKkUBl332yltbG5t75R3K3v7B4dH1eOTjkkyzXibJTLRvYAaLoXibRQoeS/VnMaB5N1gcjf3u09cG5GoR5ym3I/pSIlIMIpW6g6kjYZ0WK25dXcBsk68gtSgQGtY/RqECctirpBJakzfc1P0c6pRMMlnlUFmeErZhI5431JFY278fLHujFxYJSRRou1TSBbq74mcxsZM48AmY4pjs+rNxf+8fobRjZ8LlWbIFVt+FGWSYELmt5NQaM5QTi2hTAu7K2FjqilD21DFluCtnrxOOld1z617D9e15m1RRxnO4BwuwYMGNOEeWtAGBhN4hld4c1LnxXl3PpbRklPMnMIfOJ8/Ol2PdQ==</latexit><latexit sha1_base64="/FyonCCmqMS860zRdQiuJOMh+mc=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQiVFwV3LisYB/QhjKZTNqhk0mYuRFK6Ee4caGIW7/HnX/jtM1CWw8MHM45l7n3BKkUBl332yltbG5t75R3K3v7B4dH1eOTjkkyzXibJTLRvYAaLoXibRQoeS/VnMaB5N1gcjf3u09cG5GoR5ym3I/pSIlIMIpW6g6kjYZ0WK25dXcBsk68gtSgQGtY/RqECctirpBJakzfc1P0c6pRMMlnlUFmeErZhI5431JFY278fLHujFxYJSRRou1TSBbq74mcxsZM48AmY4pjs+rNxf+8fobRjZ8LlWbIFVt+FGWSYELmt5NQaM5QTi2hTAu7K2FjqilD21DFluCtnrxOOld1z617D9e15m1RRxnO4BwuwYMGNOEeWtAGBhN4hld4c1LnxXl3PpbRklPMnMIfOJ8/Ol2PdQ==</latexit><latexit sha1_base64="/FyonCCmqMS860zRdQiuJOMh+mc=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQiVFwV3LisYB/QhjKZTNqhk0mYuRFK6Ee4caGIW7/HnX/jtM1CWw8MHM45l7n3BKkUBl332yltbG5t75R3K3v7B4dH1eOTjkkyzXibJTLRvYAaLoXibRQoeS/VnMaB5N1gcjf3u09cG5GoR5ym3I/pSIlIMIpW6g6kjYZ0WK25dXcBsk68gtSgQGtY/RqECctirpBJakzfc1P0c6pRMMlnlUFmeErZhI5431JFY278fLHujFxYJSRRou1TSBbq74mcxsZM48AmY4pjs+rNxf+8fobRjZ8LlWbIFVt+FGWSYELmt5NQaM5QTi2hTAu7K2FjqilD21DFluCtnrxOOld1z617D9e15m1RRxnO4BwuwYMGNOEeWtAGBhN4hld4c1LnxXl3PpbRklPMnMIfOJ8/Ol2PdQ==</latexit><latexit sha1_base64="/FyonCCmqMS860zRdQiuJOMh+mc=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQiVFwV3LisYB/QhjKZTNqhk0mYuRFK6Ee4caGIW7/HnX/jtM1CWw8MHM45l7n3BKkUBl332yltbG5t75R3K3v7B4dH1eOTjkkyzXibJTLRvYAaLoXibRQoeS/VnMaB5N1gcjf3u09cG5GoR5ym3I/pSIlIMIpW6g6kjYZ0WK25dXcBsk68gtSgQGtY/RqECctirpBJakzfc1P0c6pRMMlnlUFmeErZhI5431JFY278fLHujFxYJSRRou1TSBbq74mcxsZM48AmY4pjs+rNxf+8fobRjZ8LlWbIFVt+FGWSYELmt5NQaM5QTi2hTAu7K2FjqilD21DFluCtnrxOOld1z617D9e15m1RRxnO4BwuwYMGNOEeWtAGBhN4hld4c1LnxXl3PpbRklPMnMIfOJ8/Ol2PdQ==</latexit>

R = 1, 0974⇥ 107m�1
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n=1,2,3,..



LYMAN SERIES



MODELO DE BOHR

hf = Ea � El
<latexit sha1_base64="AYPUDs/SpXR3OlpjZTIn8wU5dd8=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4sSQiKIJQkILHCvYD2hA22027dLMJuxOhlP4NLx4U8eqf8ea/cdvmoK0PBh7vzTAzL0ylMOi6387K6tr6xmZhq7i9s7u3Xzo4bJok04w3WCIT3Q6p4VIo3kCBkrdTzWkcSt4Kh3dTv/XEtRGJesRRyv2Y9pWIBKNope6ARLekFtDzWiCDUtmtuDOQZeLlpAw56kHpq9tLWBZzhUxSYzqem6I/phoFk3xS7GaGp5QNaZ93LFU05sYfz26ekFOr9EiUaFsKyUz9PTGmsTGjOLSdMcWBWfSm4n9eJ8Po2h8LlWbIFZsvijJJMCHTAEhPaM5QjiyhTAt7K2EDqilDG1PRhuAtvrxMmhcVz614D5fl6k0eRwGO4QTOwIMrqMI91KEBDFJ4hld4czLnxXl3PuatK04+cwR/4Hz+ADjLkHc=</latexit><latexit sha1_base64="AYPUDs/SpXR3OlpjZTIn8wU5dd8=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4sSQiKIJQkILHCvYD2hA22027dLMJuxOhlP4NLx4U8eqf8ea/cdvmoK0PBh7vzTAzL0ylMOi6387K6tr6xmZhq7i9s7u3Xzo4bJok04w3WCIT3Q6p4VIo3kCBkrdTzWkcSt4Kh3dTv/XEtRGJesRRyv2Y9pWIBKNope6ARLekFtDzWiCDUtmtuDOQZeLlpAw56kHpq9tLWBZzhUxSYzqem6I/phoFk3xS7GaGp5QNaZ93LFU05sYfz26ekFOr9EiUaFsKyUz9PTGmsTGjOLSdMcWBWfSm4n9eJ8Po2h8LlWbIFZsvijJJMCHTAEhPaM5QjiyhTAt7K2EDqilDG1PRhuAtvrxMmhcVz614D5fl6k0eRwGO4QTOwIMrqMI91KEBDFJ4hld4czLnxXl3PuatK04+cwR/4Hz+ADjLkHc=</latexit><latexit sha1_base64="AYPUDs/SpXR3OlpjZTIn8wU5dd8=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4sSQiKIJQkILHCvYD2hA22027dLMJuxOhlP4NLx4U8eqf8ea/cdvmoK0PBh7vzTAzL0ylMOi6387K6tr6xmZhq7i9s7u3Xzo4bJok04w3WCIT3Q6p4VIo3kCBkrdTzWkcSt4Kh3dTv/XEtRGJesRRyv2Y9pWIBKNope6ARLekFtDzWiCDUtmtuDOQZeLlpAw56kHpq9tLWBZzhUxSYzqem6I/phoFk3xS7GaGp5QNaZ93LFU05sYfz26ekFOr9EiUaFsKyUz9PTGmsTGjOLSdMcWBWfSm4n9eJ8Po2h8LlWbIFZsvijJJMCHTAEhPaM5QjiyhTAt7K2EDqilDG1PRhuAtvrxMmhcVz614D5fl6k0eRwGO4QTOwIMrqMI91KEBDFJ4hld4czLnxXl3PuatK04+cwR/4Hz+ADjLkHc=</latexit><latexit sha1_base64="AYPUDs/SpXR3OlpjZTIn8wU5dd8=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4sSQiKIJQkILHCvYD2hA22027dLMJuxOhlP4NLx4U8eqf8ea/cdvmoK0PBh7vzTAzL0ylMOi6387K6tr6xmZhq7i9s7u3Xzo4bJok04w3WCIT3Q6p4VIo3kCBkrdTzWkcSt4Kh3dTv/XEtRGJesRRyv2Y9pWIBKNope6ARLekFtDzWiCDUtmtuDOQZeLlpAw56kHpq9tLWBZzhUxSYzqem6I/phoFk3xS7GaGp5QNaZ93LFU05sYfz26ekFOr9EiUaFsKyUz9PTGmsTGjOLSdMcWBWfSm4n9eJ8Po2h8LlWbIFZsvijJJMCHTAEhPaM5QjiyhTAt7K2EDqilDG1PRhuAtvrxMmhcVz614D5fl6k0eRwGO4QTOwIMrqMI91KEBDFJ4hld4czLnxXl3PuatK04+cwR/4Hz+ADjLkHc=</latexit>

So existe emissão de luz se a tiver a freqüência dada por esta 
equação.



MODELO DE BOHR

� =

h

mv
perimetro = 2⇡ra = n�

<latexit sha1_base64="xZ5OSRXIwY2FsJPgqc+rEwmafo0=">AAACKXicbVDLSgMxFM34tr6qLt0Ei+CqzIigCIWCG5cKVoVOKXcyd2wwyYxJplCG+R03/oobBUXd+iOmdRa+DgQO55zLzT1RJrixvv/mTU3PzM7NLyzWlpZXVtfq6xsXJs01ww5LRaqvIjAouMKO5VbgVaYRZCTwMro5HvuXQ9SGp+rcjjLsSbhWPOEMrJP69XYoXDiGVphoYMWgLCQdljS8zSGmtAi1pBlqLtHqtKStvTDjVPehRVU12K83/KY/Af1Lgoo0SIXTfv0pjFOWS1SWCTCmG/iZ7RWgLWcCy1qYG8yA3cA1dh1VINH0ismlJd1xSkyTVLunLJ2o3ycKkMaMZOSSEuzA/PbG4n9eN7fJYa/gKsstKva1KMkFtSkd10ZjrpFZMXIEmObur5QNwFVmXbk1V0Lw++S/5GKvGfjN4Gy/0T6q6lggW2Sb7JKAHJA2OSGnpEMYuSMP5Jm8ePfeo/fqvX9Fp7xqZpP8gPfxCVuLpp8=</latexit><latexit sha1_base64="xZ5OSRXIwY2FsJPgqc+rEwmafo0=">AAACKXicbVDLSgMxFM34tr6qLt0Ei+CqzIigCIWCG5cKVoVOKXcyd2wwyYxJplCG+R03/oobBUXd+iOmdRa+DgQO55zLzT1RJrixvv/mTU3PzM7NLyzWlpZXVtfq6xsXJs01ww5LRaqvIjAouMKO5VbgVaYRZCTwMro5HvuXQ9SGp+rcjjLsSbhWPOEMrJP69XYoXDiGVphoYMWgLCQdljS8zSGmtAi1pBlqLtHqtKStvTDjVPehRVU12K83/KY/Af1Lgoo0SIXTfv0pjFOWS1SWCTCmG/iZ7RWgLWcCy1qYG8yA3cA1dh1VINH0ismlJd1xSkyTVLunLJ2o3ycKkMaMZOSSEuzA/PbG4n9eN7fJYa/gKsstKva1KMkFtSkd10ZjrpFZMXIEmObur5QNwFVmXbk1V0Lw++S/5GKvGfjN4Gy/0T6q6lggW2Sb7JKAHJA2OSGnpEMYuSMP5Jm8ePfeo/fqvX9Fp7xqZpP8gPfxCVuLpp8=</latexit><latexit sha1_base64="xZ5OSRXIwY2FsJPgqc+rEwmafo0=">AAACKXicbVDLSgMxFM34tr6qLt0Ei+CqzIigCIWCG5cKVoVOKXcyd2wwyYxJplCG+R03/oobBUXd+iOmdRa+DgQO55zLzT1RJrixvv/mTU3PzM7NLyzWlpZXVtfq6xsXJs01ww5LRaqvIjAouMKO5VbgVaYRZCTwMro5HvuXQ9SGp+rcjjLsSbhWPOEMrJP69XYoXDiGVphoYMWgLCQdljS8zSGmtAi1pBlqLtHqtKStvTDjVPehRVU12K83/KY/Af1Lgoo0SIXTfv0pjFOWS1SWCTCmG/iZ7RWgLWcCy1qYG8yA3cA1dh1VINH0ismlJd1xSkyTVLunLJ2o3ycKkMaMZOSSEuzA/PbG4n9eN7fJYa/gKsstKva1KMkFtSkd10ZjrpFZMXIEmObur5QNwFVmXbk1V0Lw++S/5GKvGfjN4Gy/0T6q6lggW2Sb7JKAHJA2OSGnpEMYuSMP5Jm8ePfeo/fqvX9Fp7xqZpP8gPfxCVuLpp8=</latexit><latexit sha1_base64="xZ5OSRXIwY2FsJPgqc+rEwmafo0=">AAACKXicbVDLSgMxFM34tr6qLt0Ei+CqzIigCIWCG5cKVoVOKXcyd2wwyYxJplCG+R03/oobBUXd+iOmdRa+DgQO55zLzT1RJrixvv/mTU3PzM7NLyzWlpZXVtfq6xsXJs01ww5LRaqvIjAouMKO5VbgVaYRZCTwMro5HvuXQ9SGp+rcjjLsSbhWPOEMrJP69XYoXDiGVphoYMWgLCQdljS8zSGmtAi1pBlqLtHqtKStvTDjVPehRVU12K83/KY/Af1Lgoo0SIXTfv0pjFOWS1SWCTCmG/iZ7RWgLWcCy1qYG8yA3cA1dh1VINH0ismlJd1xSkyTVLunLJ2o3ycKkMaMZOSSEuzA/PbG4n9eN7fJYa/gKsstKva1KMkFtSkd10ZjrpFZMXIEmObur5QNwFVmXbk1V0Lw++S/5GKvGfjN4Gy/0T6q6lggW2Sb7JKAHJA2OSGnpEMYuSMP5Jm8ePfeo/fqvX9Fp7xqZpP8gPfxCVuLpp8=</latexit>



EXEMPLO 1I:

Qual destas combinações tera  o padrão de máximos e mínimos mais espalhado?



EXEMPLO 1II:

�
vermelho

= 660 nm �
verde

= 550 nm
<latexit sha1_base64="aGF74ri8hzaFZ+4MQYGUS47sPDI=">AAACLXicbVDLSgMxFM34tr6qLt0Ei+CqzIitbgpFXbisYLXQGUomc9sGk8yQZIQyTD/Ijb8iggtF3Pobpg9QqwcCh3PO5eaeMOFMG9d9debmFxaXlldWC2vrG5tbxe2dGx2nikKTxjxWrZBo4ExC0zDDoZUoICLkcBvenY/823tQmsXy2gwSCATpSdZllBgrdYoXPrfhiHQyXwlskwJ4P85r1ao7HEtS5MPZTAR5rVL5DnSKJbfsjoH/Em9KSmiKRqf47EcxTQVIQznRuu25iQkyogyjHPKCn2pICL0jPWhbKokAHWTja3N8YJUId2NlnzR4rP6cyIjQeiBCmxTE9PWsNxL/89qp6Z4GGZNJakDSyaJuyrGJ8ag6HDEF1PCBJYQqZv+KaZ8oQo0tuGBL8GZP/ktujsqeW/aujkv1s2kdK2gP7aND5KETVEeXqIGaiKIH9IRe0Zvz6Lw4787HJDrnTGd20S84n18Frakv</latexit><latexit sha1_base64="aGF74ri8hzaFZ+4MQYGUS47sPDI=">AAACLXicbVDLSgMxFM34tr6qLt0Ei+CqzIitbgpFXbisYLXQGUomc9sGk8yQZIQyTD/Ijb8iggtF3Pobpg9QqwcCh3PO5eaeMOFMG9d9debmFxaXlldWC2vrG5tbxe2dGx2nikKTxjxWrZBo4ExC0zDDoZUoICLkcBvenY/823tQmsXy2gwSCATpSdZllBgrdYoXPrfhiHQyXwlskwJ4P85r1ao7HEtS5MPZTAR5rVL5DnSKJbfsjoH/Em9KSmiKRqf47EcxTQVIQznRuu25iQkyogyjHPKCn2pICL0jPWhbKokAHWTja3N8YJUId2NlnzR4rP6cyIjQeiBCmxTE9PWsNxL/89qp6Z4GGZNJakDSyaJuyrGJ8ag6HDEF1PCBJYQqZv+KaZ8oQo0tuGBL8GZP/ktujsqeW/aujkv1s2kdK2gP7aND5KETVEeXqIGaiKIH9IRe0Zvz6Lw4787HJDrnTGd20S84n18Frakv</latexit><latexit sha1_base64="aGF74ri8hzaFZ+4MQYGUS47sPDI=">AAACLXicbVDLSgMxFM34tr6qLt0Ei+CqzIitbgpFXbisYLXQGUomc9sGk8yQZIQyTD/Ijb8iggtF3Pobpg9QqwcCh3PO5eaeMOFMG9d9debmFxaXlldWC2vrG5tbxe2dGx2nikKTxjxWrZBo4ExC0zDDoZUoICLkcBvenY/823tQmsXy2gwSCATpSdZllBgrdYoXPrfhiHQyXwlskwJ4P85r1ao7HEtS5MPZTAR5rVL5DnSKJbfsjoH/Em9KSmiKRqf47EcxTQVIQznRuu25iQkyogyjHPKCn2pICL0jPWhbKokAHWTja3N8YJUId2NlnzR4rP6cyIjQeiBCmxTE9PWsNxL/89qp6Z4GGZNJakDSyaJuyrGJ8ag6HDEF1PCBJYQqZv+KaZ8oQo0tuGBL8GZP/ktujsqeW/aujkv1s2kdK2gP7aND5KETVEeXqIGaiKIH9IRe0Zvz6Lw4787HJDrnTGd20S84n18Frakv</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="GENLYFHdwHRuGIOD73FX5PYjCNg=">AAACInicbVDLSgMxFL3js9ZXdesmKIKrMiNU3RQEXbisYFuhLSWTubWhSWZIMkIZph/kxl8RwUVF/BbTB6jVAxcO55xLck+YCG6s74+9peWV1bX1wkZxc2t7Z7e0t9UwcaoZ1lksYn0fUoOCK6xbbgXeJxqpDAU2w8HVxG8+ojY8Vnd2mGBH0gfFe5xR66Ru6botXDii3aytJXFJiaIf59WzM380lZTMR4uZCPNqpfId6JaO/LI/BflLgjk5gjlq3dJrO4pZKlFZJqgxrcBPbCej2nImMC+2U4MJZQP6gC1HFZVoOtn02pwcOyUivVi7UZZM1Z8bGZXGDGXokpLavln0JuJ/Xiu1vYtOxlWSWlRs9lAvFcTGZFIdibhGZsXQEco0d38lrE81ZdYVXHQlBIsn/yWN03Lgl4NbHwpwAIdwAgGcwyXcQA3qwOAJXmAM796z9+Z9zOpa8ua97cMveJ9fxx6nlw==</latexit><latexit sha1_base64="GENLYFHdwHRuGIOD73FX5PYjCNg=">AAACInicbVDLSgMxFL3js9ZXdesmKIKrMiNU3RQEXbisYFuhLSWTubWhSWZIMkIZph/kxl8RwUVF/BbTB6jVAxcO55xLck+YCG6s74+9peWV1bX1wkZxc2t7Z7e0t9UwcaoZ1lksYn0fUoOCK6xbbgXeJxqpDAU2w8HVxG8+ojY8Vnd2mGBH0gfFe5xR66Ru6botXDii3aytJXFJiaIf59WzM380lZTMR4uZCPNqpfId6JaO/LI/BflLgjk5gjlq3dJrO4pZKlFZJqgxrcBPbCej2nImMC+2U4MJZQP6gC1HFZVoOtn02pwcOyUivVi7UZZM1Z8bGZXGDGXokpLavln0JuJ/Xiu1vYtOxlWSWlRs9lAvFcTGZFIdibhGZsXQEco0d38lrE81ZdYVXHQlBIsn/yWN03Lgl4NbHwpwAIdwAgGcwyXcQA3qwOAJXmAM796z9+Z9zOpa8ua97cMveJ9fxx6nlw==</latexit><latexit sha1_base64="J3p9oua9yiPU453rPQuUYWqs29Q=">AAACLXicbVDLSgMxFM3UV62vqks3wSK4KjNC1Y0g6sKlgn1AW0omc6cNTTJDkhHKMH6QG39FBBcVcetvmNYBtfVA4HDOudzc48ecaeO6Y6ewsLi0vFJcLa2tb2xulbd3GjpKFIU6jXikWj7RwJmEumGGQytWQITPoekPLyd+8x6UZpG8M6MYuoL0JQsZJcZKvfJVh9twQHppRwlskwL4IMrOjo/dh6kkRfYwmwkgO6vVfgK9csWtulPgeeLlpIJy3PTKL50gookAaSgnWrc9NzbdlCjDKIes1Ek0xIQOSR/alkoiQHfT6bUZPrBKgMNI2ScNnqq/J1IitB4J3yYFMQM9603E/7x2YsLTbspknBiQ9HtRmHBsIjypDgdMATV8ZAmhitm/YjogilBjCy7ZErzZk+dJ46jquVXv1q2cX+R1FNEe2keHyEMn6BxdoxtURxQ9omc0Rm/Ok/PqvDsf39GCk8/soj9wPr8ABG2pKw==</latexit><latexit sha1_base64="aGF74ri8hzaFZ+4MQYGUS47sPDI=">AAACLXicbVDLSgMxFM34tr6qLt0Ei+CqzIitbgpFXbisYLXQGUomc9sGk8yQZIQyTD/Ijb8iggtF3Pobpg9QqwcCh3PO5eaeMOFMG9d9debmFxaXlldWC2vrG5tbxe2dGx2nikKTxjxWrZBo4ExC0zDDoZUoICLkcBvenY/823tQmsXy2gwSCATpSdZllBgrdYoXPrfhiHQyXwlskwJ4P85r1ao7HEtS5MPZTAR5rVL5DnSKJbfsjoH/Em9KSmiKRqf47EcxTQVIQznRuu25iQkyogyjHPKCn2pICL0jPWhbKokAHWTja3N8YJUId2NlnzR4rP6cyIjQeiBCmxTE9PWsNxL/89qp6Z4GGZNJakDSyaJuyrGJ8ag6HDEF1PCBJYQqZv+KaZ8oQo0tuGBL8GZP/ktujsqeW/aujkv1s2kdK2gP7aND5KETVEeXqIGaiKIH9IRe0Zvz6Lw4787HJDrnTGd20S84n18Frakv</latexit><latexit sha1_base64="aGF74ri8hzaFZ+4MQYGUS47sPDI=">AAACLXicbVDLSgMxFM34tr6qLt0Ei+CqzIitbgpFXbisYLXQGUomc9sGk8yQZIQyTD/Ijb8iggtF3Pobpg9QqwcCh3PO5eaeMOFMG9d9debmFxaXlldWC2vrG5tbxe2dGx2nikKTxjxWrZBo4ExC0zDDoZUoICLkcBvenY/823tQmsXy2gwSCATpSdZllBgrdYoXPrfhiHQyXwlskwJ4P85r1ao7HEtS5MPZTAR5rVL5DnSKJbfsjoH/Em9KSmiKRqf47EcxTQVIQznRuu25iQkyogyjHPKCn2pICL0jPWhbKokAHWTja3N8YJUId2NlnzR4rP6cyIjQeiBCmxTE9PWsNxL/89qp6Z4GGZNJakDSyaJuyrGJ8ag6HDEF1PCBJYQqZv+KaZ8oQo0tuGBL8GZP/ktujsqeW/aujkv1s2kdK2gP7aND5KETVEeXqIGaiKIH9IRe0Zvz6Lw4787HJDrnTGd20S84n18Frakv</latexit><latexit sha1_base64="aGF74ri8hzaFZ+4MQYGUS47sPDI=">AAACLXicbVDLSgMxFM34tr6qLt0Ei+CqzIitbgpFXbisYLXQGUomc9sGk8yQZIQyTD/Ijb8iggtF3Pobpg9QqwcCh3PO5eaeMOFMG9d9debmFxaXlldWC2vrG5tbxe2dGx2nikKTxjxWrZBo4ExC0zDDoZUoICLkcBvenY/823tQmsXy2gwSCATpSdZllBgrdYoXPrfhiHQyXwlskwJ4P85r1ao7HEtS5MPZTAR5rVL5DnSKJbfsjoH/Em9KSmiKRqf47EcxTQVIQznRuu25iQkyogyjHPKCn2pICL0jPWhbKokAHWTja3N8YJUId2NlnzR4rP6cyIjQeiBCmxTE9PWsNxL/89qp6Z4GGZNJakDSyaJuyrGJ8ag6HDEF1PCBJYQqZv+KaZ8oQo0tuGBL8GZP/ktujsqeW/aujkv1s2kdK2gP7aND5KETVEeXqIGaiKIH9IRe0Zvz6Lw4787HJDrnTGd20S84n18Frakv</latexit><latexit sha1_base64="aGF74ri8hzaFZ+4MQYGUS47sPDI=">AAACLXicbVDLSgMxFM34tr6qLt0Ei+CqzIitbgpFXbisYLXQGUomc9sGk8yQZIQyTD/Ijb8iggtF3Pobpg9QqwcCh3PO5eaeMOFMG9d9debmFxaXlldWC2vrG5tbxe2dGx2nikKTxjxWrZBo4ExC0zDDoZUoICLkcBvenY/823tQmsXy2gwSCATpSdZllBgrdYoXPrfhiHQyXwlskwJ4P85r1ao7HEtS5MPZTAR5rVL5DnSKJbfsjoH/Em9KSmiKRqf47EcxTQVIQznRuu25iQkyogyjHPKCn2pICL0jPWhbKokAHWTja3N8YJUId2NlnzR4rP6cyIjQeiBCmxTE9PWsNxL/89qp6Z4GGZNJakDSyaJuyrGJ8ag6HDEF1PCBJYQqZv+KaZ8oQo0tuGBL8GZP/ktujsqeW/aujkv1s2kdK2gP7aND5KETVEeXqIGaiKIH9IRe0Zvz6Lw4787HJDrnTGd20S84n18Frakv</latexit><latexit sha1_base64="aGF74ri8hzaFZ+4MQYGUS47sPDI=">AAACLXicbVDLSgMxFM34tr6qLt0Ei+CqzIitbgpFXbisYLXQGUomc9sGk8yQZIQyTD/Ijb8iggtF3Pobpg9QqwcCh3PO5eaeMOFMG9d9debmFxaXlldWC2vrG5tbxe2dGx2nikKTxjxWrZBo4ExC0zDDoZUoICLkcBvenY/823tQmsXy2gwSCATpSdZllBgrdYoXPrfhiHQyXwlskwJ4P85r1ao7HEtS5MPZTAR5rVL5DnSKJbfsjoH/Em9KSmiKRqf47EcxTQVIQznRuu25iQkyogyjHPKCn2pICL0jPWhbKokAHWTja3N8YJUId2NlnzR4rP6cyIjQeiBCmxTE9PWsNxL/89qp6Z4GGZNJakDSyaJuyrGJ8ag6HDEF1PCBJYQqZv+KaZ8oQo0tuGBL8GZP/ktujsqeW/aujkv1s2kdK2gP7aND5KETVEeXqIGaiKIH9IRe0Zvz6Lw4787HJDrnTGd20S84n18Frakv</latexit><latexit sha1_base64="aGF74ri8hzaFZ+4MQYGUS47sPDI=">AAACLXicbVDLSgMxFM34tr6qLt0Ei+CqzIitbgpFXbisYLXQGUomc9sGk8yQZIQyTD/Ijb8iggtF3Pobpg9QqwcCh3PO5eaeMOFMG9d9debmFxaXlldWC2vrG5tbxe2dGx2nikKTxjxWrZBo4ExC0zDDoZUoICLkcBvenY/823tQmsXy2gwSCATpSdZllBgrdYoXPrfhiHQyXwlskwJ4P85r1ao7HEtS5MPZTAR5rVL5DnSKJbfsjoH/Em9KSmiKRqf47EcxTQVIQznRuu25iQkyogyjHPKCn2pICL0jPWhbKokAHWTja3N8YJUId2NlnzR4rP6cyIjQeiBCmxTE9PWsNxL/89qp6Z4GGZNJakDSyaJuyrGJ8ag6HDEF1PCBJYQqZv+KaZ8oQo0tuGBL8GZP/ktujsqeW/aujkv1s2kdK2gP7aND5KETVEeXqIGaiKIH9IRe0Zvz6Lw4787HJDrnTGd20S84n18Frakv</latexit>

Porque o padrão colorido?

Porque a mancha branca no centro?



GRADE DE DIFRAÇÃO

sin ✓ =
m�

d
<latexit sha1_base64="aisUzqG0L/TO+2zGNR09km69qig=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4KjMi6EYounFZwT6gM5RMJtOGJpkhuSOUoR/gxl9x40IRt36AO//GtJ2Fth4IHM45N8k9YSq4Adf9dkorq2vrG+XNytb2zu5edf+gbZJMU9aiiUh0NySGCa5YCzgI1k01IzIUrBOObqZ+54FpwxN1D+OUBZIMFI85JWClfrXmG658GDIgVxhjP4o1oTmW2Bf2kohM8mhiU27dnQEvE68gNVSg2a9++VFCM8kUUEGM6XluCkFONHAq2KTiZ4alhI7IgPUsVUQyE+SzZSb4xCoRjhNtjwI8U39P5EQaM5ahTUoCQ7PoTcX/vF4G8WWQc5VmwBSdPxRnAkOCp83giGtGQYwtIVRz+1dMh8TWAba/ii3BW1x5mbTP6p5b9+7Oa43roo4yOkLH6BR56AI10C1qohai6BE9o1f05jw5L8678zGPlpxi5hD9gfP5A9UJmtg=</latexit><latexit sha1_base64="aisUzqG0L/TO+2zGNR09km69qig=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4KjMi6EYounFZwT6gM5RMJtOGJpkhuSOUoR/gxl9x40IRt36AO//GtJ2Fth4IHM45N8k9YSq4Adf9dkorq2vrG+XNytb2zu5edf+gbZJMU9aiiUh0NySGCa5YCzgI1k01IzIUrBOObqZ+54FpwxN1D+OUBZIMFI85JWClfrXmG658GDIgVxhjP4o1oTmW2Bf2kohM8mhiU27dnQEvE68gNVSg2a9++VFCM8kUUEGM6XluCkFONHAq2KTiZ4alhI7IgPUsVUQyE+SzZSb4xCoRjhNtjwI8U39P5EQaM5ahTUoCQ7PoTcX/vF4G8WWQc5VmwBSdPxRnAkOCp83giGtGQYwtIVRz+1dMh8TWAba/ii3BW1x5mbTP6p5b9+7Oa43roo4yOkLH6BR56AI10C1qohai6BE9o1f05jw5L8678zGPlpxi5hD9gfP5A9UJmtg=</latexit><latexit sha1_base64="aisUzqG0L/TO+2zGNR09km69qig=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4KjMi6EYounFZwT6gM5RMJtOGJpkhuSOUoR/gxl9x40IRt36AO//GtJ2Fth4IHM45N8k9YSq4Adf9dkorq2vrG+XNytb2zu5edf+gbZJMU9aiiUh0NySGCa5YCzgI1k01IzIUrBOObqZ+54FpwxN1D+OUBZIMFI85JWClfrXmG658GDIgVxhjP4o1oTmW2Bf2kohM8mhiU27dnQEvE68gNVSg2a9++VFCM8kUUEGM6XluCkFONHAq2KTiZ4alhI7IgPUsVUQyE+SzZSb4xCoRjhNtjwI8U39P5EQaM5ahTUoCQ7PoTcX/vF4G8WWQc5VmwBSdPxRnAkOCp83giGtGQYwtIVRz+1dMh8TWAba/ii3BW1x5mbTP6p5b9+7Oa43roo4yOkLH6BR56AI10C1qohai6BE9o1f05jw5L8678zGPlpxi5hD9gfP5A9UJmtg=</latexit><latexit sha1_base64="aisUzqG0L/TO+2zGNR09km69qig=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4KjMi6EYounFZwT6gM5RMJtOGJpkhuSOUoR/gxl9x40IRt36AO//GtJ2Fth4IHM45N8k9YSq4Adf9dkorq2vrG+XNytb2zu5edf+gbZJMU9aiiUh0NySGCa5YCzgI1k01IzIUrBOObqZ+54FpwxN1D+OUBZIMFI85JWClfrXmG658GDIgVxhjP4o1oTmW2Bf2kohM8mhiU27dnQEvE68gNVSg2a9++VFCM8kUUEGM6XluCkFONHAq2KTiZ4alhI7IgPUsVUQyE+SzZSb4xCoRjhNtjwI8U39P5EQaM5ahTUoCQ7PoTcX/vF4G8WWQc5VmwBSdPxRnAkOCp83giGtGQYwtIVRz+1dMh8TWAba/ii3BW1x5mbTP6p5b9+7Oa43roo4yOkLH6BR56AI10C1qohai6BE9o1f05jw5L8678zGPlpxi5hD9gfP5A9UJmtg=</latexit>

�
violeta,vermelho

= 410(660) nm grade = 1, 0⇥ 104 linhas/cm
<latexit sha1_base64="NBp9bORItuYmEtwaValcjnuohd0="></latexit><latexit sha1_base64="NBp9bORItuYmEtwaValcjnuohd0="></latexit><latexit sha1_base64="NBp9bORItuYmEtwaValcjnuohd0="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="qLBqAfyZDXeTh2daT0GCOxr7qHY="></latexit><latexit sha1_base64="qLBqAfyZDXeTh2daT0GCOxr7qHY="></latexit><latexit sha1_base64="Cge8Me3EwfHxurT2qucZI8Vouf0="></latexit><latexit sha1_base64="NBp9bORItuYmEtwaValcjnuohd0="></latexit><latexit sha1_base64="NBp9bORItuYmEtwaValcjnuohd0="></latexit><latexit sha1_base64="NBp9bORItuYmEtwaValcjnuohd0="></latexit><latexit sha1_base64="NBp9bORItuYmEtwaValcjnuohd0="></latexit><latexit sha1_base64="NBp9bORItuYmEtwaValcjnuohd0="></latexit><latexit sha1_base64="NBp9bORItuYmEtwaValcjnuohd0="></latexit>



EXEMPLO IV:

Qual eh o angulo do primeiro máximo para a cor violeta?

Qual eh o angulo do primeiro máximo para a cor vermelha?



EFEITO FOTOELÉTRICO E EINSTEIN



EFEITO FOTOELÉTRICO E EINSTEIN



EFEITO FOTOELÉTRICO E EINSTEIN



EFEITO COMPTON



EFEITO COMPTON II



EFEITO COMPTON III

Luz se comporta como bolinhas de gude



RESUMO:

Ondas eletromagnéticas tem interferência e difração.

Efeito fotoelétrico e compton: luz se comporta como partículas.


