
Das Kepler-Problem (Planeten,  Satelliten,  Atome u.s.w.). 

 4. Zusammenfassung

1.  E = Umin < 0 .   Die Bahn ist ein Kreis mit  Radius r0.  Das Teilchen bewegt sich mit 
konstanter  Winkelgeschwindigkeit um  das Zentrum.
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<latexit sha1_base 64="avN9WZBzRZecnWcfB7doWmtPm4Y=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsMeCF48V7Qe0oWy2k3bpZhN2N0IJ/Qle PCji1V/kzX/jNs1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0duF3n1BpHstHM0vQj+hY8pAzaqz0oIbusFpz624Osk68gtSgQGtY/RqMYpZGKA0TVOu+5ybGz6g ynAmcVwapxoSyKR1j31JJI9R+lp86JxdWGZEwVrakIbn6eyKjkdazKLCdETUTveotxP+8fmrChp9xmaQGJVsuClNBTEwWf5MRV8iMmF lCmeL2VsImVFFmbDoVG4K3+vI66VzVPbfu3V/Xmo0ijjKcwTlcggc30IQ7aEEbGIzhGV7hzRHOi/PufCxbS04xcwp/4Hz+AP33jY8=</latexit><latexit sha1_base 64="avN9WZBzRZecnWcfB7doWmtPm4Y=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsMeCF48V7Qe0oWy2k3bpZhN2N0IJ/Qle PCji1V/kzX/jNs1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0duF3n1BpHstHM0vQj+hY8pAzaqz0oIbusFpz624Osk68gtSgQGtY/RqMYpZGKA0TVOu+5ybGz6g ynAmcVwapxoSyKR1j31JJI9R+lp86JxdWGZEwVrakIbn6eyKjkdazKLCdETUTveotxP+8fmrChp9xmaQGJVsuClNBTEwWf5MRV8iMmF lCmeL2VsImVFFmbDoVG4K3+vI66VzVPbfu3V/Xmo0ijjKcwTlcggc30IQ7aEEbGIzhGV7hzRHOi/PufCxbS04xcwp/4Hz+AP33jY8=</latexit><latexit sha1_base 64="avN9WZBzRZecnWcfB7doWmtPm4Y=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsMeCF48V7Qe0oWy2k3bpZhN2N0IJ/Qle PCji1V/kzX/jNs1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0duF3n1BpHstHM0vQj+hY8pAzaqz0oIbusFpz624Osk68gtSgQGtY/RqMYpZGKA0TVOu+5ybGz6g ynAmcVwapxoSyKR1j31JJI9R+lp86JxdWGZEwVrakIbn6eyKjkdazKLCdETUTveotxP+8fmrChp9xmaQGJVsuClNBTEwWf5MRV8iMmF lCmeL2VsImVFFmbDoVG4K3+vI66VzVPbfu3V/Xmo0ijjKcwTlcggc30IQ7aEEbGIzhGV7hzRHOi/PufCxbS04xcwp/4Hz+AP33jY8=</latexit><latexit sha1_base 64="avN9WZBzRZecnWcfB7doWmtPm4Y=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsMeCF48V7Qe0oWy2k3bpZhN2N0IJ/Qle PCji1V/kzX/jNs1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0duF3n1BpHstHM0vQj+hY8pAzaqz0oIbusFpz624Osk68gtSgQGtY/RqMYpZGKA0TVOu+5ybGz6g ynAmcVwapxoSyKR1j31JJI9R+lp86JxdWGZEwVrakIbn6eyKjkdazKLCdETUTveotxP+8fmrChp9xmaQGJVsuClNBTEwWf5MRV8iMmF lCmeL2VsImVFFmbDoVG4K3+vI66VzVPbfu3V/Xmo0ijjKcwTlcggc30IQ7aEEbGIzhGV7hzRHOi/PufCxbS04xcwp/4Hz+AP33jY8=</latexit>
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<latexit sha1_base64="QnLmIPinZljln3j0YDcgnmZMzd4=">AAAB+HicbVBNS8NAEJ3Ur1o/WvXoZbEInkoigr0IBS8eK5i20Iaw2W7apbubsLsRaugv8eJBEa/+FG/+G7dtDtr6YODx3gwz86KUM21c99spbWxube+Udyt7+weH1drRcUcnmSLUJwlPVC/CmnImqW+Y4bSXKopFxGk3mtzO/e4jVZol8sFMUxoIPJIsZgQbK4W1qh/mAyUQjeMZukFuWKu7DXcBtE68gtShQDusfQ2GCckElYZwrHXfc1MT5FgZRjidVQaZpikmEzyifUslFlQH+eLwGTq3yhDFibIlDVqovydyLLSeish2CmzGetWbi/95/czEz SBnMs0MlWS5KM44Mgmap4CGTFFi+NQSTBSztyIyxgoTY7Oq2BC81ZfXSeey4bkN7/6q3moWcZThFM7gAjy4hhbcQRt8IJDBM7zCm/PkvDjvzseyteQUMyfwB87nDzxxkhw=</latexit><latexit sha1_base64="QnLmIPinZljln3j0YDcgnmZMzd4=">AAAB+HicbVBNS8NAEJ3Ur1o/WvXoZbEInkoigr0IBS8eK5i20Iaw2W7apbubsLsRaugv8eJBEa/+FG/+G7dtDtr6YODx3gwz86KUM21c99spbWxube+Udyt7+weH1drRcUcnmSLUJwlPVC/CmnImqW+Y4bSXKopFxGk3mtzO/e4jVZol8sFMUxoIPJIsZgQbK4W1qh/mAyUQjeMZukFuWKu7DXcBtE68gtShQDusfQ2GCckElYZwrHXfc1MT5FgZRjidVQaZpikmEzyifUslFlQH+eLwGTq3yhDFibIlDVqovydyLLSeish2CmzGetWbi/95/czEz SBnMs0MlWS5KM44Mgmap4CGTFFi+NQSTBSztyIyxgoTY7Oq2BC81ZfXSeey4bkN7/6q3moWcZThFM7gAjy4hhbcQRt8IJDBM7zCm/PkvDjvzseyteQUMyfwB87nDzxxkhw=</latexit><latexit sha1_base64="QnLmIPinZljln3j0YDcgnmZMzd4=">AAAB+HicbVBNS8NAEJ3Ur1o/WvXoZbEInkoigr0IBS8eK5i20Iaw2W7apbubsLsRaugv8eJBEa/+FG/+G7dtDtr6YODx3gwz86KUM21c99spbWxube+Udyt7+weH1drRcUcnmSLUJwlPVC/CmnImqW+Y4bSXKopFxGk3mtzO/e4jVZol8sFMUxoIPJIsZgQbK4W1qh/mAyUQjeMZukFuWKu7DXcBtE68gtShQDusfQ2GCckElYZwrHXfc1MT5FgZRjidVQaZpikmEzyifUslFlQH+eLwGTq3yhDFibIlDVqovydyLLSeish2CmzGetWbi/95/czEz SBnMs0MlWS5KM44Mgmap4CGTFFi+NQSTBSztyIyxgoTY7Oq2BC81ZfXSeey4bkN7/6q3moWcZThFM7gAjy4hhbcQRt8IJDBM7zCm/PkvDjvzseyteQUMyfwB87nDzxxkhw=</latexit><latexit sha1_base64="QnLmIPinZljln3j0YDcgnmZMzd4=">AAAB+HicbVBNS8NAEJ3Ur1o/WvXoZbEInkoigr0IBS8eK5i20Iaw2W7apbubsLsRaugv8eJBEa/+FG/+G7dtDtr6YODx3gwz86KUM21c99spbWxube+Udyt7+weH1drRcUcnmSLUJwlPVC/CmnImqW+Y4bSXKopFxGk3mtzO/e4jVZol8sFMUxoIPJIsZgQbK4W1qh/mAyUQjeMZukFuWKu7DXcBtE68gtShQDusfQ2GCckElYZwrHXfc1MT5FgZRjidVQaZpikmEzyifUslFlQH+eLwGTq3yhDFibIlDVqovydyLLSeish2CmzGetWbi/95/czEz SBnMs0MlWS5KM44Mgmap4CGTFFi+NQSTBSztyIyxgoTY7Oq2BC81ZfXSeey4bkN7/6q3moWcZThFM7gAjy4hhbcQRt8IJDBM7zCm/PkvDjvzseyteQUMyfwB87nDzxxkhw=</latexit>

2.   Umin < E < 0 .   Die  Bewegung  ist finit. 
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<latexit sha1_base64="wTe85KiWCd0kT6UmI44sJgLWcbc=">AAACEnicbVDLSgMxFM34rPU16tJNsAi6KTNVsBuhIILLCn1BZyyZNNOGZjIxyQhlOt/gxl9x40IRt67c+Temj4W2HrhwOOde7r0nEIwq7Tjf1tLyyuraem4jv7m1vbNr7+03VJxITOo4ZrFsBUgRRjmpa6oZaQlJUBQw0gwGV2O/+UCkojGv6aEgfoR6nIYUI22kjn1ag5fQExR6iIk+gp66lzqFXigRTqMsLcHR9ejuLINZxy44RWcCuEjcGSmAGaod+8vrxjiJCNeYIaXariO0nyKpKWYky3uJIgLhAeqRtqEcRUT56eSlDB4bpQvDWJriGk7U3xMpipQaRoHpjJDuq3lvLP7ntRMdlv2UcpFowvF0UZgwqGM4zgd2qSRYs6EhCEtqboW4j0wa2qSYNyG48y8vkkap6DpF9/a8UCnP4siBQ3AEToALLkAF3IAqqAMMHsEzeAVv1pP1Yr1bH9PWJWs2cwD+wPr8AX0MnLY=</latexit><latexit sha1_base64="wTe85KiWCd0kT6UmI44sJgLWcbc=">AAACEnicbVDLSgMxFM34rPU16tJNsAi6KTNVsBuhIILLCn1BZyyZNNOGZjIxyQhlOt/gxl9x40IRt67c+Temj4W2HrhwOOde7r0nEIwq7Tjf1tLyyuraem4jv7m1vbNr7+03VJxITOo4ZrFsBUgRRjmpa6oZaQlJUBQw0gwGV2O/+UCkojGv6aEgfoR6nIYUI22kjn1ag5fQExR6iIk+gp66lzqFXigRTqMsLcHR9ejuLINZxy44RWcCuEjcGSmAGaod+8vrxjiJCNeYIaXariO0nyKpKWYky3uJIgLhAeqRtqEcRUT56eSlDB4bpQvDWJriGk7U3xMpipQaRoHpjJDuq3lvLP7ntRMdlv2UcpFowvF0UZgwqGM4zgd2qSRYs6EhCEtqboW4j0wa2qSYNyG48y8vkkap6DpF9/a8UCnP4siBQ3AEToALLkAF3IAqqAMMHsEzeAVv1pP1Yr1bH9PWJWs2cwD+wPr8AX0MnLY=</latexit><latexit sha1_base64="wTe85KiWCd0kT6UmI44sJgLWcbc=">AAACEnicbVDLSgMxFM34rPU16tJNsAi6KTNVsBuhIILLCn1BZyyZNNOGZjIxyQhlOt/gxl9x40IRt67c+Temj4W2HrhwOOde7r0nEIwq7Tjf1tLyyuraem4jv7m1vbNr7+03VJxITOo4ZrFsBUgRRjmpa6oZaQlJUBQw0gwGV2O/+UCkojGv6aEgfoR6nIYUI22kjn1ag5fQExR6iIk+gp66lzqFXigRTqMsLcHR9ejuLINZxy44RWcCuEjcGSmAGaod+8vrxjiJCNeYIaXariO0nyKpKWYky3uJIgLhAeqRtqEcRUT56eSlDB4bpQvDWJriGk7U3xMpipQaRoHpjJDuq3lvLP7ntRMdlv2UcpFowvF0UZgwqGM4zgd2qSRYs6EhCEtqboW4j0wa2qSYNyG48y8vkkap6DpF9/a8UCnP4siBQ3AEToALLkAF3IAqqAMMHsEzeAVv1pP1Yr1bH9PWJWs2cwD+wPr8AX0MnLY=</latexit><latexit sha1_base64="wTe85KiWCd0kT6UmI44sJgLWcbc=">AAACEnicbVDLSgMxFM34rPU16tJNsAi6KTNVsBuhIILLCn1BZyyZNNOGZjIxyQhlOt/gxl9x40IRt67c+Temj4W2HrhwOOde7r0nEIwq7Tjf1tLyyuraem4jv7m1vbNr7+03VJxITOo4ZrFsBUgRRjmpa6oZaQlJUBQw0gwGV2O/+UCkojGv6aEgfoR6nIYUI22kjn1ag5fQExR6iIk+gp66lzqFXigRTqMsLcHR9ejuLINZxy44RWcCuEjcGSmAGaod+8vrxjiJCNeYIaXariO0nyKpKWYky3uJIgLhAeqRtqEcRUT56eSlDB4bpQvDWJriGk7U3xMpipQaRoHpjJDuq3lvLP7ntRMdlv2UcpFowvF0UZgwqGM4zgd2qSRYs6EhCEtqboW4j0wa2qSYNyG48y8vkkap6DpF9/a8UCnP4siBQ3AEToALLkAF3IAqqAMMHsEzeAVv1pP1Yr1bH9PWJWs2cwD+wPr8AX0MnLY=</latexit>

3.   E > 0 .   Die Bewegung ist infinit. 
Die Trajektorie ist eine Hyperbel. -1
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4. Der Runge-Lenz-Vektor                                         ist erhalten .~A = [~p⇥ ~M ]�m
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<latexit sha1_base64="rBICipBQRdLz/wJJk/3zSDNIoKo=">AAACJnicbVDLSsNAFJ34rPUVdenmYhHcWBIR7KZQceNGqGAf0IQymU7aoZNJmJkUSujXuPFX3LioiLjzU5ymXWjrgYEz59zLvfcECWdKO86Xtba+sbm1Xdgp7u7tHxzaR8dNFaeS0AaJeSzbAVaUM0EbmmlO24mkOAo4bQXDu5nfGlGpWCye9DihfoT7goWMYG2krl31RpTALVShAzlNwNMsomr+ewAfLiHyQolJ5mGeDPDckDDJ5KRrl5yykwNWibsgJbRAvWtPvV5M0ogKTThWquM6ifYzLDUjnE6KXqpogskQ92nHUIHNJn6WnzmBc6P0IIyleUJDrv7uyHCk1DgKTGWE9UAtezPxP6+T6rDiZ0wkqaaCzAeFKQcdwywz6DFJieZjQzCRzOwKZIBNJNokWzQhuMsnr5LmVdl1yu7jdalWWcRRQKfoDF0gF92gGrpHddRABD2jVzRF79aL9WZ9WJ/z0jVr0XOC/sD6/gGIv6Nk</latexit><latexit sha1_base64="rBICipBQRdLz/wJJk/3zSDNIoKo=">AAACJnicbVDLSsNAFJ34rPUVdenmYhHcWBIR7KZQceNGqGAf0IQymU7aoZNJmJkUSujXuPFX3LioiLjzU5ymXWjrgYEz59zLvfcECWdKO86Xtba+sbm1Xdgp7u7tHxzaR8dNFaeS0AaJeSzbAVaUM0EbmmlO24mkOAo4bQXDu5nfGlGpWCye9DihfoT7goWMYG2krl31RpTALVShAzlNwNMsomr+ewAfLiHyQolJ5mGeDPDckDDJ5KRrl5yykwNWibsgJbRAvWtPvV5M0ogKTThWquM6ifYzLDUjnE6KXqpogskQ92nHUIHNJn6WnzmBc6P0IIyleUJDrv7uyHCk1DgKTGWE9UAtezPxP6+T6rDiZ0wkqaaCzAeFKQcdwywz6DFJieZjQzCRzOwKZIBNJNokWzQhuMsnr5LmVdl1yu7jdalWWcRRQKfoDF0gF92gGrpHddRABD2jVzRF79aL9WZ9WJ/z0jVr0XOC/sD6/gGIv6Nk</latexit><latexit sha1_base64="rBICipBQRdLz/wJJk/3zSDNIoKo=">AAACJnicbVDLSsNAFJ34rPUVdenmYhHcWBIR7KZQceNGqGAf0IQymU7aoZNJmJkUSujXuPFX3LioiLjzU5ymXWjrgYEz59zLvfcECWdKO86Xtba+sbm1Xdgp7u7tHxzaR8dNFaeS0AaJeSzbAVaUM0EbmmlO24mkOAo4bQXDu5nfGlGpWCye9DihfoT7goWMYG2krl31RpTALVShAzlNwNMsomr+ewAfLiHyQolJ5mGeDPDckDDJ5KRrl5yykwNWibsgJbRAvWtPvV5M0ogKTThWquM6ifYzLDUjnE6KXqpogskQ92nHUIHNJn6WnzmBc6P0IIyleUJDrv7uyHCk1DgKTGWE9UAtezPxP6+T6rDiZ0wkqaaCzAeFKQcdwywz6DFJieZjQzCRzOwKZIBNJNokWzQhuMsnr5LmVdl1yu7jdalWWcRRQKfoDF0gF92gGrpHddRABD2jVzRF79aL9WZ9WJ/z0jVr0XOC/sD6/gGIv6Nk</latexit><latexit sha1_base64="rBICipBQRdLz/wJJk/3zSDNIoKo=">AAACJnicbVDLSsNAFJ34rPUVdenmYhHcWBIR7KZQceNGqGAf0IQymU7aoZNJmJkUSujXuPFX3LioiLjzU5ymXWjrgYEz59zLvfcECWdKO86Xtba+sbm1Xdgp7u7tHxzaR8dNFaeS0AaJeSzbAVaUM0EbmmlO24mkOAo4bQXDu5nfGlGpWCye9DihfoT7goWMYG2krl31RpTALVShAzlNwNMsomr+ewAfLiHyQolJ5mGeDPDckDDJ5KRrl5yykwNWibsgJbRAvWtPvV5M0ogKTThWquM6ifYzLDUjnE6KXqpogskQ92nHUIHNJn6WnzmBc6P0IIyleUJDrv7uyHCk1DgKTGWE9UAtezPxP6+T6rDiZ0wkqaaCzAeFKQcdwywz6DFJieZjQzCRzOwKZIBNJNokWzQhuMsnr5LmVdl1yu7jdalWWcRRQKfoDF0gF92gGrpHddRABD2jVzRF79aL9WZ9WJ/z0jVr0XOC/sD6/gGIv6Nk</latexit>



Die Streuung von Teilchen ist eine wichtige indirekte  Methode Systeme  zu 
unterschuchen  die wir nicht anders erreichen können. 

 4. Streuung  von Teilchen

Streuung durch eine Zentralkraft: Wir schicken ein Teilchen mit gegebenem 
Anfangsimpuls von r = unendlich in die Richtung des Kraftzentrums.   Wir betrachten 

nur abstossende Kräfte.
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Die Beziehung  des Streuwinkels     und des  Stossparameters     .  

~r = z~n+ ~⇢, ~v1 = v1~n
<latexit sha1_base64="xWZtNuHFqUA2wwg46hEmEmyEBtQ=">AAACLnicbZBbS8MwGIZTj3Oeql56ExyCoIxWBAciDETwcoI7wDpGmqVbWJqWJB3Usl/kjX9FLwQV8dafYXpAdPMLgYf3+16S73VDRqWyrFdjYXFpeWW1tFZe39jc2jZ3dlsyiAQmTRywQHRcJAmjnDQVVYx0QkGQ7zLSdsdXab89IULSgN+pOCQ9Hw059ShGSkt989qZEAwFvIT3MEMO4XFOjhgFJ85FenJh0nco91Ssh38w9/TNilW1soLzYBdQAUU1+uazMwhw5BOuMENSdm0rVL0ECUUxI9OyE0kSIjxGQ9LVyJFPZC/J1p3CQ60MoBcIfbmCmfrbkSBfyth39aSP1EjO9lLxv143Ul6tl1AeRopwnD/kRQyqAKbZwQEVBCsWa0BYUP1XiEdIIKx0wmUdgj278jy0Tqu2VbVvzyr1WhFHCeyDA3AEbHAO6uAGNEATYPAAnsAbeDcejRfjw/jMRxeMwrMH/pTx9Q2yWKXu</latexit><latexit sha1_base64="xWZtNuHFqUA2wwg46hEmEmyEBtQ=">AAACLnicbZBbS8MwGIZTj3Oeql56ExyCoIxWBAciDETwcoI7wDpGmqVbWJqWJB3Usl/kjX9FLwQV8dafYXpAdPMLgYf3+16S73VDRqWyrFdjYXFpeWW1tFZe39jc2jZ3dlsyiAQmTRywQHRcJAmjnDQVVYx0QkGQ7zLSdsdXab89IULSgN+pOCQ9Hw059ShGSkt989qZEAwFvIT3MEMO4XFOjhgFJ85FenJh0nco91Ssh38w9/TNilW1soLzYBdQAUU1+uazMwhw5BOuMENSdm0rVL0ECUUxI9OyE0kSIjxGQ9LVyJFPZC/J1p3CQ60MoBcIfbmCmfrbkSBfyth39aSP1EjO9lLxv143Ul6tl1AeRopwnD/kRQyqAKbZwQEVBCsWa0BYUP1XiEdIIKx0wmUdgj278jy0Tqu2VbVvzyr1WhFHCeyDA3AEbHAO6uAGNEATYPAAnsAbeDcejRfjw/jMRxeMwrMH/pTx9Q2yWKXu</latexit><latexit sha1_base64="xWZtNuHFqUA2wwg46hEmEmyEBtQ=">AAACLnicbZBbS8MwGIZTj3Oeql56ExyCoIxWBAciDETwcoI7wDpGmqVbWJqWJB3Usl/kjX9FLwQV8dafYXpAdPMLgYf3+16S73VDRqWyrFdjYXFpeWW1tFZe39jc2jZ3dlsyiAQmTRywQHRcJAmjnDQVVYx0QkGQ7zLSdsdXab89IULSgN+pOCQ9Hw059ShGSkt989qZEAwFvIT3MEMO4XFOjhgFJ85FenJh0nco91Ssh38w9/TNilW1soLzYBdQAUU1+uazMwhw5BOuMENSdm0rVL0ECUUxI9OyE0kSIjxGQ9LVyJFPZC/J1p3CQ60MoBcIfbmCmfrbkSBfyth39aSP1EjO9lLxv143Ul6tl1AeRopwnD/kRQyqAKbZwQEVBCsWa0BYUP1XiEdIIKx0wmUdgj278jy0Tqu2VbVvzyr1WhFHCeyDA3AEbHAO6uAGNEATYPAAnsAbeDcejRfjw/jMRxeMwrMH/pTx9Q2yWKXu</latexit><latexit sha1_base64="xWZtNuHFqUA2wwg46hEmEmyEBtQ=">AAACLnicbZBbS8MwGIZTj3Oeql56ExyCoIxWBAciDETwcoI7wDpGmqVbWJqWJB3Usl/kjX9FLwQV8dafYXpAdPMLgYf3+16S73VDRqWyrFdjYXFpeWW1tFZe39jc2jZ3dlsyiAQmTRywQHRcJAmjnDQVVYx0QkGQ7zLSdsdXab89IULSgN+pOCQ9Hw059ShGSkt989qZEAwFvIT3MEMO4XFOjhgFJ85FenJh0nco91Ssh38w9/TNilW1soLzYBdQAUU1+uazMwhw5BOuMENSdm0rVL0ECUUxI9OyE0kSIjxGQ9LVyJFPZC/J1p3CQ60MoBcIfbmCmfrbkSBfyth39aSP1EjO9lLxv143Ul6tl1AeRopwnD/kRQyqAKbZwQEVBCsWa0BYUP1XiEdIIKx0wmUdgj278jy0Tqu2VbVvzyr1WhFHCeyDA3AEbHAO6uAGNEATYPAAnsAbeDcejRfjw/jMRxeMwrMH/pTx9Q2yWKXu</latexit>

~M = m [~r ⇥ ~v] = m [(z~n+ ~⇢)⇥ ~v1] = m~[⇢⇥ ~v1]
<latexit sha1_base64="dyAksu5YKR6idwQ9TpxYmZB5M5U="></latexit><latexit sha1_base64="dyAksu5YKR6idwQ9TpxYmZB5M5U="></latexit><latexit sha1_base64="dyAksu5YKR6idwQ9TpxYmZB5M5U="></latexit><latexit sha1_base64="dyAksu5YKR6idwQ9TpxYmZB5M5U="></latexit>

M = mv1⇢
<latexit sha1_base64="ArXT/GqOaGGMICfcxuWZBLfNxZw=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi2I1QcONGqGAf0IQymU7aofMIM5NCCPVX3LhQxK0f4s6/cdpmoa0HLhzOuZd774kSRrXxvG+ntLG5tb1T3q3s7R8cHrnHJx0tU4VJG0smVS9CmjAqSNtQw0gvUQTxiJFuNLmd+90pUZpK8WiyhIQcjQSNKUbGSgO3eg9vIIfTQUBFbDIYqLEcuDWv7i0A14lfkBoo0Bq4X8FQ4pQTYTBDWvd9LzFhjpShmJFZJUg1SRCeoBHpWyoQJzrMF8fP4LlVhjCWypYwcKH+nsgR1zrjke3kyIz1qjcX//P6qYkbYU5Fkhoi8HJRnDJoJJwnAYdUEWxYZgnCitpbIR4jhbCxeVVsCP7qy+ukc1n3vbr/cFVrNoo4yuAUnIEL4INr0AR3oAXaAIMMPINX8OY8OS/Ou/OxbC05xUwV/IHz+QM/xpPW</latexit><latexit sha1_base64="ArXT/GqOaGGMICfcxuWZBLfNxZw=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi2I1QcONGqGAf0IQymU7aofMIM5NCCPVX3LhQxK0f4s6/cdpmoa0HLhzOuZd774kSRrXxvG+ntLG5tb1T3q3s7R8cHrnHJx0tU4VJG0smVS9CmjAqSNtQw0gvUQTxiJFuNLmd+90pUZpK8WiyhIQcjQSNKUbGSgO3eg9vIIfTQUBFbDIYqLEcuDWv7i0A14lfkBoo0Bq4X8FQ4pQTYTBDWvd9LzFhjpShmJFZJUg1SRCeoBHpWyoQJzrMF8fP4LlVhjCWypYwcKH+nsgR1zrjke3kyIz1qjcX//P6qYkbYU5Fkhoi8HJRnDJoJJwnAYdUEWxYZgnCitpbIR4jhbCxeVVsCP7qy+ukc1n3vbr/cFVrNoo4yuAUnIEL4INr0AR3oAXaAIMMPINX8OY8OS/Ou/OxbC05xUwV/IHz+QM/xpPW</latexit><latexit sha1_base64="ArXT/GqOaGGMICfcxuWZBLfNxZw=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi2I1QcONGqGAf0IQymU7aofMIM5NCCPVX3LhQxK0f4s6/cdpmoa0HLhzOuZd774kSRrXxvG+ntLG5tb1T3q3s7R8cHrnHJx0tU4VJG0smVS9CmjAqSNtQw0gvUQTxiJFuNLmd+90pUZpK8WiyhIQcjQSNKUbGSgO3eg9vIIfTQUBFbDIYqLEcuDWv7i0A14lfkBoo0Bq4X8FQ4pQTYTBDWvd9LzFhjpShmJFZJUg1SRCeoBHpWyoQJzrMF8fP4LlVhjCWypYwcKH+nsgR1zrjke3kyIz1qjcX//P6qYkbYU5Fkhoi8HJRnDJoJJwnAYdUEWxYZgnCitpbIR4jhbCxeVVsCP7qy+ukc1n3vbr/cFVrNoo4yuAUnIEL4INr0AR3oAXaAIMMPINX8OY8OS/Ou/OxbC05xUwV/IHz+QM/xpPW</latexit><latexit sha1_base64="ArXT/GqOaGGMICfcxuWZBLfNxZw=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi2I1QcONGqGAf0IQymU7aofMIM5NCCPVX3LhQxK0f4s6/cdpmoa0HLhzOuZd774kSRrXxvG+ntLG5tb1T3q3s7R8cHrnHJx0tU4VJG0smVS9CmjAqSNtQw0gvUQTxiJFuNLmd+90pUZpK8WiyhIQcjQSNKUbGSgO3eg9vIIfTQUBFbDIYqLEcuDWv7i0A14lfkBoo0Bq4X8FQ4pQTYTBDWvd9LzFhjpShmJFZJUg1SRCeoBHpWyoQJzrMF8fP4LlVhjCWypYwcKH+nsgR1zrjke3kyIz1qjcX//P6qYkbYU5Fkhoi8HJRnDJoJJwnAYdUEWxYZgnCitpbIR4jhbCxeVVsCP7qy+ukc1n3vbr/cFVrNoo4yuAUnIEL4INr0AR3oAXaAIMMPINX8OY8OS/Ou/OxbC05xUwV/IHz+QM/xpPW</latexit>

~n · ~⇢ = 0
<latexit sha1_base 64="uOohh7Kig6HMiGWuP9VWSDRssMM=">AAACA3icbVDLSgMxFM3UV62vUXe6CRbBVZkRwW6EghuXFewDOqVk0rQNzSRDcqdQhoIbf8WNC0Xc+hPu/BvT6Sy09cCFk3PuJfeeMBbcgOd9O4W19Y3NreJ2aWd3b//APTxqGpVoy hpUCaXbITFMcMkawEGwdqwZiULBWuH4du63JkwbruQDTGPWjchQ8gGnBKzUc0+CCaNY4oD2FeDsEeiRwjfY67llr+JlwKvEz0kZ5aj 33K+gr2gSMQlUEGM6vhdDNyUaOBVsVgoSw2JCx2TIOpZKEjHTTbMbZvjcKn08UNqWBJypvydSEhkzjULbGREYmWVvLv7ndRIYVLspl3ECTNLFR4NEYFB4Hgjuc80oiKklhGpud8V0RDShYGMr2RD85ZNXSfOy4nsV//6qXKvmcR TRKTpDF8hH16iG7lAdNRBFj+gZvaI358l5cd6dj0VrwclnjtEfOJ8/jZ6WHw==</latexit><latexit sha1_base 64="uOohh7Kig6HMiGWuP9VWSDRssMM=">AAACA3icbVDLSgMxFM3UV62vUXe6CRbBVZkRwW6EghuXFewDOqVk0rQNzSRDcqdQhoIbf8WNC0Xc+hPu/BvT6Sy09cCFk3PuJfeeMBbcgOd9O4W19Y3NreJ2aWd3b//APTxqGpVoy hpUCaXbITFMcMkawEGwdqwZiULBWuH4du63JkwbruQDTGPWjchQ8gGnBKzUc0+CCaNY4oD2FeDsEeiRwjfY67llr+JlwKvEz0kZ5aj 33K+gr2gSMQlUEGM6vhdDNyUaOBVsVgoSw2JCx2TIOpZKEjHTTbMbZvjcKn08UNqWBJypvydSEhkzjULbGREYmWVvLv7ndRIYVLspl3ECTNLFR4NEYFB4Hgjuc80oiKklhGpud8V0RDShYGMr2RD85ZNXSfOy4nsV//6qXKvmcR TRKTpDF8hH16iG7lAdNRBFj+gZvaI358l5cd6dj0VrwclnjtEfOJ8/jZ6WHw==</latexit><latexit sha1_base 64="uOohh7Kig6HMiGWuP9VWSDRssMM=">AAACA3icbVDLSgMxFM3UV62vUXe6CRbBVZkRwW6EghuXFewDOqVk0rQNzSRDcqdQhoIbf8WNC0Xc+hPu/BvT6Sy09cCFk3PuJfeeMBbcgOd9O4W19Y3NreJ2aWd3b//APTxqGpVoy hpUCaXbITFMcMkawEGwdqwZiULBWuH4du63JkwbruQDTGPWjchQ8gGnBKzUc0+CCaNY4oD2FeDsEeiRwjfY67llr+JlwKvEz0kZ5aj 33K+gr2gSMQlUEGM6vhdDNyUaOBVsVgoSw2JCx2TIOpZKEjHTTbMbZvjcKn08UNqWBJypvydSEhkzjULbGREYmWVvLv7ndRIYVLspl3ECTNLFR4NEYFB4Hgjuc80oiKklhGpud8V0RDShYGMr2RD85ZNXSfOy4nsV//6qXKvmcR TRKTpDF8hH16iG7lAdNRBFj+gZvaI358l5cd6dj0VrwclnjtEfOJ8/jZ6WHw==</latexit><latexit sha1_base 64="uOohh7Kig6HMiGWuP9VWSDRssMM=">AAACA3icbVDLSgMxFM3UV62vUXe6CRbBVZkRwW6EghuXFewDOqVk0rQNzSRDcqdQhoIbf8WNC0Xc+hPu/BvT6Sy09cCFk3PuJfeeMBbcgOd9O4W19Y3NreJ2aWd3b//APTxqGpVoy hpUCaXbITFMcMkawEGwdqwZiULBWuH4du63JkwbruQDTGPWjchQ8gGnBKzUc0+CCaNY4oD2FeDsEeiRwjfY67llr+JlwKvEz0kZ5aj 33K+gr2gSMQlUEGM6vhdDNyUaOBVsVgoSw2JCx2TIOpZKEjHTTbMbZvjcKn08UNqWBJypvydSEhkzjULbGREYmWVvLv7ndRIYVLspl3ECTNLFR4NEYFB4Hgjuc80oiKklhGpud8V0RDShYGMr2RD85ZNXSfOy4nsV//6qXKvmcR TRKTpDF8hH16iG7lAdNRBFj+gZvaI358l5cd6dj0VrwclnjtEfOJ8/jZ6WHw==</latexit>

✓totsc
<latexit sha1_base64="h8OKbwFIPavTTnZijb7zySb8o4o=">AAACAnicbVDLSsNAFJ3UV62vqCtxEyyCq5KIYJcFNy4r2Ac0MUym03bozCTM3AglBDf+ihsXirj1K9z5N07TItp6YOBwzr3cOSdKONPgul9WaWV1bX2jvFnZ2t7Z3bP3D9o6ThWhLRLzWHUjrClnkraAAafdRFEsIk470fhq6nfuqdIslrcwSWgg8FCyASMYjBTaRz6MKOAw85VwNMnvCgIx5KFddWtuAeeHeIukiuZohvan349JKqgEwrHWPc9NIMiwAkY4zSt+qmmCyRgPac9QiQXVQVZEyJ1To/SdQazMk+AU6u+NDAutJyIykwLDSC96U/E/r5fCoB5kTCYpUElmhwYpNxGdaR9OnylKgE8MwUQx81eHjLDCBExrFVPCUuRl0j6veW7Nu7moNurzOsroGJ2gM+ShS9RA16iJWoigB/SEXtCr9Wg9W2/W+2y0ZM13DtEfWB/fwu6Xng==</latexit><latexit sha1_base64="h8OKbwFIPavTTnZijb7zySb8o4o=">AAACAnicbVDLSsNAFJ3UV62vqCtxEyyCq5KIYJcFNy4r2Ac0MUym03bozCTM3AglBDf+ihsXirj1K9z5N07TItp6YOBwzr3cOSdKONPgul9WaWV1bX2jvFnZ2t7Z3bP3D9o6ThWhLRLzWHUjrClnkraAAafdRFEsIk470fhq6nfuqdIslrcwSWgg8FCyASMYjBTaRz6MKOAw85VwNMnvCgIx5KFddWtuAeeHeIukiuZohvan349JKqgEwrHWPc9NIMiwAkY4zSt+qmmCyRgPac9QiQXVQVZEyJ1To/SdQazMk+AU6u+NDAutJyIykwLDSC96U/E/r5fCoB5kTCYpUElmhwYpNxGdaR9OnylKgE8MwUQx81eHjLDCBExrFVPCUuRl0j6veW7Nu7moNurzOsroGJ2gM+ShS9RA16iJWoigB/SEXtCr9Wg9W2/W+2y0ZM13DtEfWB/fwu6Xng==</latexit><latexit sha1_base64="h8OKbwFIPavTTnZijb7zySb8o4o=">AAACAnicbVDLSsNAFJ3UV62vqCtxEyyCq5KIYJcFNy4r2Ac0MUym03bozCTM3AglBDf+ihsXirj1K9z5N07TItp6YOBwzr3cOSdKONPgul9WaWV1bX2jvFnZ2t7Z3bP3D9o6ThWhLRLzWHUjrClnkraAAafdRFEsIk470fhq6nfuqdIslrcwSWgg8FCyASMYjBTaRz6MKOAw85VwNMnvCgIx5KFddWtuAeeHeIukiuZohvan349JKqgEwrHWPc9NIMiwAkY4zSt+qmmCyRgPac9QiQXVQVZEyJ1To/SdQazMk+AU6u+NDAutJyIykwLDSC96U/E/r5fCoB5kTCYpUElmhwYpNxGdaR9OnylKgE8MwUQx81eHjLDCBExrFVPCUuRl0j6veW7Nu7moNurzOsroGJ2gM+ShS9RA16iJWoigB/SEXtCr9Wg9W2/W+2y0ZM13DtEfWB/fwu6Xng==</latexit><latexit sha1_base64="h8OKbwFIPavTTnZijb7zySb8o4o=">AAACAnicbVDLSsNAFJ3UV62vqCtxEyyCq5KIYJcFNy4r2Ac0MUym03bozCTM3AglBDf+ihsXirj1K9z5N07TItp6YOBwzr3cOSdKONPgul9WaWV1bX2jvFnZ2t7Z3bP3D9o6ThWhLRLzWHUjrClnkraAAafdRFEsIk470fhq6nfuqdIslrcwSWgg8FCyASMYjBTaRz6MKOAw85VwNMnvCgIx5KFddWtuAeeHeIukiuZohvan349JKqgEwrHWPc9NIMiwAkY4zSt+qmmCyRgPac9QiQXVQVZEyJ1To/SdQazMk+AU6u+NDAutJyIykwLDSC96U/E/r5fCoB5kTCYpUElmhwYpNxGdaR9OnylKgE8MwUQx81eHjLDCBExrFVPCUuRl0j6veW7Nu7moNurzOsroGJ2gM+ShS9RA16iJWoigB/SEXtCr9Wg9W2/W+2y0ZM13DtEfWB/fwu6Xng==</latexit>

✓
<latexit sha1_base64="C6D2tr4w0++H/GoIHYLn0wIfh8U=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0RzDHgxWME84BkCbOT2WTM7Mwy0yuEJf/gxYMiXv0fb/6NkweiiQUNRVU33V1RKoVF3//y1tY3Nre2CzvF3b39g8PS0XHT6sww3mBaatOOqOVSKN5AgZK3U8NpEkneikY3U7/1yI0VWt3jOOVhQgdKxIJRdFKzi0OOtFcq+xV/BvJDgmVShgXqvdJnt69ZlnCFTFJrO4GfYphTg4JJPil2M8tTykZ0wDuOKppwG+azayfk3Cl9EmvjSiGZqb8ncppYO04i15lQHNplbyr+53UyjKthLlSaIVdsvijOJEFNpq+TvjCcoRw7QpkR7lbChtRQhi6gogth5eVV0rysBH4luLsq16qLOApwCmdwAQFcQw1uoQ4NYPAAT/ACr572nr03733euuYtZk7gD7yPb6Jjjx8=</latexit><latexit sha1_base64="C6D2tr4w0++H/GoIHYLn0wIfh8U=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0RzDHgxWME84BkCbOT2WTM7Mwy0yuEJf/gxYMiXv0fb/6NkweiiQUNRVU33V1RKoVF3//y1tY3Nre2CzvF3b39g8PS0XHT6sww3mBaatOOqOVSKN5AgZK3U8NpEkneikY3U7/1yI0VWt3jOOVhQgdKxIJRdFKzi0OOtFcq+xV/BvJDgmVShgXqvdJnt69ZlnCFTFJrO4GfYphTg4JJPil2M8tTykZ0wDuOKppwG+azayfk3Cl9EmvjSiGZqb8ncppYO04i15lQHNplbyr+53UyjKthLlSaIVdsvijOJEFNpq+TvjCcoRw7QpkR7lbChtRQhi6gogth5eVV0rysBH4luLsq16qLOApwCmdwAQFcQw1uoQ4NYPAAT/ACr572nr03733euuYtZk7gD7yPb6Jjjx8=</latexit><latexit sha1_base64="C6D2tr4w0++H/GoIHYLn0wIfh8U=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0RzDHgxWME84BkCbOT2WTM7Mwy0yuEJf/gxYMiXv0fb/6NkweiiQUNRVU33V1RKoVF3//y1tY3Nre2CzvF3b39g8PS0XHT6sww3mBaatOOqOVSKN5AgZK3U8NpEkneikY3U7/1yI0VWt3jOOVhQgdKxIJRdFKzi0OOtFcq+xV/BvJDgmVShgXqvdJnt69ZlnCFTFJrO4GfYphTg4JJPil2M8tTykZ0wDuOKppwG+azayfk3Cl9EmvjSiGZqb8ncppYO04i15lQHNplbyr+53UyjKthLlSaIVdsvijOJEFNpq+TvjCcoRw7QpkR7lbChtRQhi6gogth5eVV0rysBH4luLsq16qLOApwCmdwAQFcQw1uoQ4NYPAAT/ACr572nr03733euuYtZk7gD7yPb6Jjjx8=</latexit><latexit sha1_base64="C6D2tr4w0++H/GoIHYLn0wIfh8U=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0RzDHgxWME84BkCbOT2WTM7Mwy0yuEJf/gxYMiXv0fb/6NkweiiQUNRVU33V1RKoVF3//y1tY3Nre2CzvF3b39g8PS0XHT6sww3mBaatOOqOVSKN5AgZK3U8NpEkneikY3U7/1yI0VWt3jOOVhQgdKxIJRdFKzi0OOtFcq+xV/BvJDgmVShgXqvdJnt69ZlnCFTFJrO4GfYphTg4JJPil2M8tTykZ0wDuOKppwG+azayfk3Cl9EmvjSiGZqb8ncppYO04i15lQHNplbyr+53UyjKthLlSaIVdsvijOJEFNpq+TvjCcoRw7QpkR7lbChtRQhi6gogth5eVV0rysBH4luLsq16qLOApwCmdwAQFcQw1uoQ4NYPAAT/ACr572nr03733euuYtZk7gD7yPb6Jjjx8=</latexit>
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Wir betrachten  homogenen zeitunabhäbgigen Strahl von Teilchen weit weg von 
Kraftzentrum .  Wie viele Teilchen werden um einen bestimmten Winkel gestreut? 

 4. Streuung  von Teilchen

✓ = ⇡ � 2⇢

1Z

rmin

dr

r2
1q

1� ⇢2

r2 � 2U(r)
mv2

1

) ⇢ = ⇢(✓)

Durch Integration über den Winkel erhält mann den totalen Wirkungsquerschnitt.

J = nv1
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Der Fluss der Teilchen:

Der Wirkungsquerschnitt:



Streuung an einer harten, unendlich schweren  Kugel

 4. Streuung  von Teilchen
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Der Einfallswinkel und der  Reflektionswinkel 

sind gleich.



Rutherford-Streuung

 4. Streuung  von Teilchen
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Streuung um einen  kleinen Winkeln tritt im Fall eines schwachen Feldes auf (z.B. 
wenn der Stossparameter gross ist). In diesem Fall ist die Bewegung des 
Teilchens fast frei.        Wir betrachten ein Zentralfeld.

 4. Streuung  von Teilchen

Wir schreiben den Integrand mit Hilfe der 

Parametresierung der Bahn des freies Teilchens um: 

Wir finden das im Fall von Feldern mit unendlicher  Reichweite, divergiert der  totale 
Wirkungsquerschnitt.


