
Zusammenfassung
1. Eindimensionale Bewegung 

2. Zweikörperproblem 
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Das Zweikörperproblem kann man als die  freie Bewegung des Schwerpunktes des Systems  
und  die Bewegung eines Teilchens mit reduzierter Masse im externen Kraftfeld beschreiben.
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3. Bewegung im  Zentralfeld kann zum eindimensionalen Fall reduziert werden.


Der Drehimpuls ist erhalten.  Die Bewegung findet in der Ebene orthogonal zum  
Drehimpulsvektor statt.   Die Energie ist erhalten.

 Zusammenfassung

L =
m~̇r2

2
� U(r)

~M

t� t0 = ±
rZ

dr̄q
2
m (E � Ue↵(r̄))

<latexit sha1_base64="iUNHdv0OTKzhN6ZG1VVpiaSt2bA="></latexit><latexit sha1_base64="iUNHdv0OTKzhN6ZG1VVpiaSt2bA="></latexit><latexit sha1_base64="iUNHdv0OTKzhN6ZG1VVpiaSt2bA="></latexit><latexit sha1_base64="iUNHdv0OTKzhN6ZG1VVpiaSt2bA="></latexit>

M =
@L

@�̇
= mr2�̇

<latexit sha1_base64="I5AUiyO7xKq5/VVbs8yCEeIvD3c=">AAACJXicbVDLSgMxFM34rPU16tJNsAiuykwR7EKh4MaFQg X7gM5YMmmmDU0yQ5IRyjA/48ZfcePCIoIrf8VMW7C2Hgice+493NwTxIwq7Thf1srq2vrGZmGruL2zu7dvHxw2VZRITBo4YpFsB0gRRgVpaKoZaceSIB4w0gqG13m/9USkopF40KOY+Bz1BQ0pRtpIXfvyDl5BL5QIp16MpKaIwdvsl3u9SJtqQLPMDHL5WJmTunbJKTsTwGXizkgJzFDv2mNjxgknQmOGlOq4Tqz9NN+FGcmKXqJIjPAQ9UnHUIE4UX4 6uTKDp0bpwTCS5gkNJ+q8I0VcqREPzCRHeqAWe7n4X6+T6LDqp1TEiSYCTxeFCYM6gnlksEclwZqNDEFYUvNXiAfIRKZNsEUTgrt48jJpVsquU3bvz0u16iyOAjgGJ+AMuOAC1MANqIMGwOAZvIJ3MLZerDfrw/qcjq5YM88R+APr+weKpKVF</latexit><latexit sha1_base64="I5AUiyO7xKq5/VVbs8yCEeIvD3c=">AAACJXicbVDLSgMxFM34rPU16tJNsAiuykwR7EKh4MaFQg X7gM5YMmmmDU0yQ5IRyjA/48ZfcePCIoIrf8VMW7C2Hgice+493NwTxIwq7Thf1srq2vrGZmGruL2zu7dvHxw2VZRITBo4YpFsB0gRRgVpaKoZaceSIB4w0gqG13m/9USkopF40KOY+Bz1BQ0pRtpIXfvyDl5BL5QIp16MpKaIwdvsl3u9SJtqQLPMDHL5WJmTunbJKTsTwGXizkgJzFDv2mNjxgknQmOGlOq4Tqz9NN+FGcmKXqJIjPAQ9UnHUIE4UX4 6uTKDp0bpwTCS5gkNJ+q8I0VcqREPzCRHeqAWe7n4X6+T6LDqp1TEiSYCTxeFCYM6gnlksEclwZqNDEFYUvNXiAfIRKZNsEUTgrt48jJpVsquU3bvz0u16iyOAjgGJ+AMuOAC1MANqIMGwOAZvIJ3MLZerDfrw/qcjq5YM88R+APr+weKpKVF</latexit><latexit sha1_base64="I5AUiyO7xKq5/VVbs8yCEeIvD3c=">AAACJXicbVDLSgMxFM34rPU16tJNsAiuykwR7EKh4MaFQg X7gM5YMmmmDU0yQ5IRyjA/48ZfcePCIoIrf8VMW7C2Hgice+493NwTxIwq7Thf1srq2vrGZmGruL2zu7dvHxw2VZRITBo4YpFsB0gRRgVpaKoZaceSIB4w0gqG13m/9USkopF40KOY+Bz1BQ0pRtpIXfvyDl5BL5QIp16MpKaIwdvsl3u9SJtqQLPMDHL5WJmTunbJKTsTwGXizkgJzFDv2mNjxgknQmOGlOq4Tqz9NN+FGcmKXqJIjPAQ9UnHUIE4UX4 6uTKDp0bpwTCS5gkNJ+q8I0VcqREPzCRHeqAWe7n4X6+T6LDqp1TEiSYCTxeFCYM6gnlksEclwZqNDEFYUvNXiAfIRKZNsEUTgrt48jJpVsquU3bvz0u16iyOAjgGJ+AMuOAC1MANqIMGwOAZvIJ3MLZerDfrw/qcjq5YM88R+APr+weKpKVF</latexit><latexit sha1_base64="I5AUiyO7xKq5/VVbs8yCEeIvD3c=">AAACJXicbVDLSgMxFM34rPU16tJNsAiuykwR7EKh4MaFQg X7gM5YMmmmDU0yQ5IRyjA/48ZfcePCIoIrf8VMW7C2Hgice+493NwTxIwq7Thf1srq2vrGZmGruL2zu7dvHxw2VZRITBo4YpFsB0gRRgVpaKoZaceSIB4w0gqG13m/9USkopF40KOY+Bz1BQ0pRtpIXfvyDl5BL5QIp16MpKaIwdvsl3u9SJtqQLPMDHL5WJmTunbJKTsTwGXizkgJzFDv2mNjxgknQmOGlOq4Tqz9NN+FGcmKXqJIjPAQ9UnHUIE4UX4 6uTKDp0bpwTCS5gkNJ+q8I0VcqREPzCRHeqAWe7n4X6+T6LDqp1TEiSYCTxeFCYM6gnlksEclwZqNDEFYUvNXiAfIRKZNsEUTgrt48jJpVsquU3bvz0u16iyOAjgGJ+AMuOAC1MANqIMGwOAZvIJ3MLZerDfrw/qcjq5YM88R+APr+weKpKVF</latexit>

E =
mṙ2

2
+

M2

2mr2
+ U(r) =

mṙ2
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Das Kepler-Problem (Planeten,  Satelliten,  Atome u.s.w.). 

 3. Drei-dimensionale Bewegung

↵Die Kopplungkonstane      kann entweder positiv (anziehende Kraft) oder 
negativ (abstossende Kraft)  sein.
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1.  E = Umin < 0 .   Die Bahn ist ein Kreis mit dem Radius r0.  Das Teilchen bewegt sich mit 
konstanter  Winkelgeschwindigkeit um  das Zentrum.
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<latexit sha1_base64="qLvVrIKXejf/GuUem15EVtvVWg4=">AAACH3icbVDLSsNAFJ34rPUVdelmsAh1YUmKaDdCwY0boYJpC00Mk+mkHTqThJmJUEL+xI2/4saFIuKuf+O0zUJbD1zu4Zx7mbknSB iVyrImxsrq2vrGZmmrvL2zu7dvHhy2ZZwKTBwcs1h0AyQJoxFxFFWMdBNBEA8Y6QSjm6nfeSJC0jh6UOOEeBwNIhpSjJSWfPPS8TNXc EjCMK+KM3gN3VAgnN091vOszqHQHZ4XootYMkR5JnLfrFg1awa4TOyCVECBlm9+u/0Yp5xECjMkZc+2EuVlSCiKGcnLbipJgvAIDUhP0whxIr1sdl8OT7XSh2EsdEUKztTfGxniUo55oCc5UkO56E3F/7xeqsKGl9EoSRWJ8Pyh MGVQxXAaFuxTQbBiY00QFlT/FeIh0lEoHWlZh2AvnrxM2vWabdXs+4tKs1HEUQLH4ARUgQ2uQBPcghZwAAbP4BW8gw/jxXgzPo2v+ei KUewcgT8wJj9KKqHk</latexit><latexit sha1_base64="qLvVrIKXejf/GuUem15EVtvVWg4=">AAACH3icbVDLSsNAFJ34rPUVdelmsAh1YUmKaDdCwY0boYJpC00Mk+mkHTqThJmJUEL+xI2/4saFIuKuf+O0zUJbD1zu4Zx7mbknSB iVyrImxsrq2vrGZmmrvL2zu7dvHhy2ZZwKTBwcs1h0AyQJoxFxFFWMdBNBEA8Y6QSjm6nfeSJC0jh6UOOEeBwNIhpSjJSWfPPS8TNXc EjCMK+KM3gN3VAgnN091vOszqHQHZ4XootYMkR5JnLfrFg1awa4TOyCVECBlm9+u/0Yp5xECjMkZc+2EuVlSCiKGcnLbipJgvAIDUhP0whxIr1sdl8OT7XSh2EsdEUKztTfGxniUo55oCc5UkO56E3F/7xeqsKGl9EoSRWJ8Pyh MGVQxXAaFuxTQbBiY00QFlT/FeIh0lEoHWlZh2AvnrxM2vWabdXs+4tKs1HEUQLH4ARUgQ2uQBPcghZwAAbP4BW8gw/jxXgzPo2v+ei KUewcgT8wJj9KKqHk</latexit><latexit sha1_base64="qLvVrIKXejf/GuUem15EVtvVWg4=">AAACH3icbVDLSsNAFJ34rPUVdelmsAh1YUmKaDdCwY0boYJpC00Mk+mkHTqThJmJUEL+xI2/4saFIuKuf+O0zUJbD1zu4Zx7mbknSB iVyrImxsrq2vrGZmmrvL2zu7dvHhy2ZZwKTBwcs1h0AyQJoxFxFFWMdBNBEA8Y6QSjm6nfeSJC0jh6UOOEeBwNIhpSjJSWfPPS8TNXc EjCMK+KM3gN3VAgnN091vOszqHQHZ4XootYMkR5JnLfrFg1awa4TOyCVECBlm9+u/0Yp5xECjMkZc+2EuVlSCiKGcnLbipJgvAIDUhP0whxIr1sdl8OT7XSh2EsdEUKztTfGxniUo55oCc5UkO56E3F/7xeqsKGl9EoSRWJ8Pyh MGVQxXAaFuxTQbBiY00QFlT/FeIh0lEoHWlZh2AvnrxM2vWabdXs+4tKs1HEUQLH4ARUgQ2uQBPcghZwAAbP4BW8gw/jxXgzPo2v+ei KUewcgT8wJj9KKqHk</latexit><latexit sha1_base64="qLvVrIKXejf/GuUem15EVtvVWg4=">AAACH3icbVDLSsNAFJ34rPUVdelmsAh1YUmKaDdCwY0boYJpC00Mk+mkHTqThJmJUEL+xI2/4saFIuKuf+O0zUJbD1zu4Zx7mbknSB iVyrImxsrq2vrGZmmrvL2zu7dvHhy2ZZwKTBwcs1h0AyQJoxFxFFWMdBNBEA8Y6QSjm6nfeSJC0jh6UOOEeBwNIhpSjJSWfPPS8TNXc EjCMK+KM3gN3VAgnN091vOszqHQHZ4XootYMkR5JnLfrFg1awa4TOyCVECBlm9+u/0Yp5xECjMkZc+2EuVlSCiKGcnLbipJgvAIDUhP0whxIr1sdl8OT7XSh2EsdEUKztTfGxniUo55oCc5UkO56E3F/7xeqsKGl9EoSRWJ8Pyh MGVQxXAaFuxTQbBiY00QFlT/FeIh0lEoHWlZh2AvnrxM2vWabdXs+4tKs1HEUQLH4ARUgQ2uQBPcghZwAAbP4BW8gw/jxXgzPo2v+ei KUewcgT8wJj9KKqHk</latexit>
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Ue↵(r)

r

r0
<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>

Ue↵ = 0
<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>

Betrachten wir eine positive Kopplungskonstante; in diesem Fall besitz die effektive 

potentielle Energie ein Minimum.             
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<latexit sha1_base64="ao11PztQdV/YNKQ9W4N1ZloJH/w="></latexit><latexit sha1_base64="ao11PztQdV/YNKQ9W4N1ZloJH/w="></latexit><latexit sha1_base64="ao11PztQdV/YNKQ9W4N1ZloJH/w="></latexit><latexit sha1_base64="ao11PztQdV/YNKQ9W4N1ZloJH/w="></latexit>
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2
<latexit sha1_base64="Ot3worbnKmrnR6ux/3ekD+ZI1EM="></latexit><latexit sha1_base64="Ot3worbnKmrnR6ux/3ekD+ZI1EM="></latexit><latexit sha1_base64="Ot3worbnKmrnR6ux/3ekD+ZI1EM="></latexit><latexit sha1_base64="Ot3worbnKmrnR6ux/3ekD+ZI1EM="></latexit>

3
<latexit sha1_base64="aIOM50LAZnCSTjRYo//0qR0k998=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBT0WvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjat+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xnWldpHHUYQTOIVz8OAGanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fdweMoQ==</latexit><latexit sha1_base64="aIOM50LAZnCSTjRYo//0qR0k998=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBT0WvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjat+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xnWldpHHUYQTOIVz8OAGanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fdweMoQ==</latexit><latexit sha1_base64="aIOM50LAZnCSTjRYo//0qR0k998=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBT0WvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjat+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xnWldpHHUYQTOIVz8OAGanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fdweMoQ==</latexit><latexit sha1_base64="aIOM50LAZnCSTjRYo//0qR0k998=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBT0WvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjat+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xnWldpHHUYQTOIVz8OAGanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fdweMoQ==</latexit>



Das Kepler-Problem

 3. Dreidimensionale Bewegung

2.   Umin < E < 0 .   Die Bewegung findet in einem endlichen Raum statt (die Bewegung ist 
finit).
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r0
<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>

Ue↵ = 0
<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>

Ue↵(r)

E
<latexit sha1_base64="NlAWJLmTed0sd11pC7wJ+DY1z6Q=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsMeCCB5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N 2zYHbX0w8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7AST27nfeUKleSwfzDRBP6IjyUPOqLFS825QrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlrfsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXvK7Ua3kcRTiDc7gED26gDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A +fwBleuMvw==</latexit><latexit sha1_base64="NlAWJLmTed0sd11pC7wJ+DY1z6Q=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsMeCCB5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N 2zYHbX0w8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7AST27nfeUKleSwfzDRBP6IjyUPOqLFS825QrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlrfsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXvK7Ua3kcRTiDc7gED26gDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A +fwBleuMvw==</latexit><latexit sha1_base64="NlAWJLmTed0sd11pC7wJ+DY1z6Q=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsMeCCB5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N 2zYHbX0w8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7AST27nfeUKleSwfzDRBP6IjyUPOqLFS825QrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlrfsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXvK7Ua3kcRTiDc7gED26gDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A +fwBleuMvw==</latexit><latexit sha1_base64="NlAWJLmTed0sd11pC7wJ+DY1z6Q=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsMeCCB5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N 2zYHbX0w8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7AST27nfeUKleSwfzDRBP6IjyUPOqLFS825QrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlrfsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXvK7Ua3kcRTiDc7gED26gDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A +fwBleuMvw==</latexit>

Um das Integral berechnen zu können,  schreiben wir den 

Integrand um  

Ue↵(r) =
M2

2mr2
� ↵

r
<latexit sha1_base64="qLvVrIKXejf/GuUem15EVtvVWg4=">AAACH3icbVDLSsNAFJ34rPUVdelmsAh1YUmKaDdCwY0boYJpC00Mk+mkHTqThJmJUEL+xI2/4saFIuKuf+O0zUJbD1zu4Zx7mbknSBiVyrImxsrq2vrGZmmrvL2zu7dvHhy2ZZwKTBwcs1h0AyQJoxFxFFWMdBNBEA8Y6QSjm6nfeSJC0jh6UOOEeBwNIhpSjJSWfPPS8TNXcEjCMK+KM3gN3VAgnN091vOszqHQHZ4XootYMkR5JnLfrFg1awa4TOyCVECBlm9+u/0Yp5xECjMkZc+2EuVlSCiKGcnLbipJgvAIDUhP0whxIr1sdl8OT7XSh2EsdEUKztTfGxniUo55oCc5UkO56E3F/7xeqsKGl9EoSRWJ8PyhMGVQxXAaFuxTQbBiY00QFlT/FeIh0lEoHWlZh2AvnrxM2vWabdXs+4tKs1HEUQLH4ARUgQ2uQBPcghZwAAbP4BW8gw/jxXgzPo2v+eiKUewcgT8wJj9KKqHk</latexit><latexit sha1_base64="qLvVrIKXejf/GuUem15EVtvVWg4=">AAACH3icbVDLSsNAFJ34rPUVdelmsAh1YUmKaDdCwY0boYJpC00Mk+mkHTqThJmJUEL+xI2/4saFIuKuf+O0zUJbD1zu4Zx7mbknSBiVyrImxsrq2vrGZmmrvL2zu7dvHhy2ZZwKTBwcs1h0AyQJoxFxFFWMdBNBEA8Y6QSjm6nfeSJC0jh6UOOEeBwNIhpSjJSWfPPS8TNXcEjCMK+KM3gN3VAgnN091vOszqHQHZ4XootYMkR5JnLfrFg1awa4TOyCVECBlm9+u/0Yp5xECjMkZc+2EuVlSCiKGcnLbipJgvAIDUhP0whxIr1sdl8OT7XSh2EsdEUKztTfGxniUo55oCc5UkO56E3F/7xeqsKGl9EoSRWJ8PyhMGVQxXAaFuxTQbBiY00QFlT/FeIh0lEoHWlZh2AvnrxM2vWabdXs+4tKs1HEUQLH4ARUgQ2uQBPcghZwAAbP4BW8gw/jxXgzPo2v+eiKUewcgT8wJj9KKqHk</latexit><latexit sha1_base64="qLvVrIKXejf/GuUem15EVtvVWg4=">AAACH3icbVDLSsNAFJ34rPUVdelmsAh1YUmKaDdCwY0boYJpC00Mk+mkHTqThJmJUEL+xI2/4saFIuKuf+O0zUJbD1zu4Zx7mbknSBiVyrImxsrq2vrGZmmrvL2zu7dvHhy2ZZwKTBwcs1h0AyQJoxFxFFWMdBNBEA8Y6QSjm6nfeSJC0jh6UOOEeBwNIhpSjJSWfPPS8TNXcEjCMK+KM3gN3VAgnN091vOszqHQHZ4XootYMkR5JnLfrFg1awa4TOyCVECBlm9+u/0Yp5xECjMkZc+2EuVlSCiKGcnLbipJgvAIDUhP0whxIr1sdl8OT7XSh2EsdEUKztTfGxniUo55oCc5UkO56E3F/7xeqsKGl9EoSRWJ8PyhMGVQxXAaFuxTQbBiY00QFlT/FeIh0lEoHWlZh2AvnrxM2vWabdXs+4tKs1HEUQLH4ARUgQ2uQBPcghZwAAbP4BW8gw/jxXgzPo2v+eiKUewcgT8wJj9KKqHk</latexit><latexit sha1_base64="qLvVrIKXejf/GuUem15EVtvVWg4=">AAACH3icbVDLSsNAFJ34rPUVdelmsAh1YUmKaDdCwY0boYJpC00Mk+mkHTqThJmJUEL+xI2/4saFIuKuf+O0zUJbD1zu4Zx7mbknSBiVyrImxsrq2vrGZmmrvL2zu7dvHhy2ZZwKTBwcs1h0AyQJoxFxFFWMdBNBEA8Y6QSjm6nfeSJC0jh6UOOEeBwNIhpSjJSWfPPS8TNXcEjCMK+KM3gN3VAgnN091vOszqHQHZ4XootYMkR5JnLfrFg1awa4TOyCVECBlm9+u/0Yp5xECjMkZc+2EuVlSCiKGcnLbipJgvAIDUhP0whxIr1sdl8OT7XSh2EsdEUKztTfGxniUo55oCc5UkO56E3F/7xeqsKGl9EoSRWJ8PyhMGVQxXAaFuxTQbBiY00QFlT/FeIh0lEoHWlZh2AvnrxM2vWabdXs+4tKs1HEUQLH4ARUgQ2uQBPcghZwAAbP4BW8gw/jxXgzPo2v+eiKUewcgT8wJj9KKqHk</latexit>
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 3. Dreidimensionale Bewegung

2.   Umin < E < 0 .   Die Bewegung ist finit. 
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<latexit sha1_base64="h4879tqJx5+lqFPk/NdYhLEdg8w="></latexit><latexit sha1_base64="h4879tqJx5+lqFPk/NdYhLEdg8w="></latexit><latexit sha1_base64="h4879tqJx5+lqFPk/NdYhLEdg8w="></latexit><latexit sha1_base64="h4879tqJx5+lqFPk/NdYhLEdg8w="></latexit>
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<latexit sha1_base64="gNZay/vvfHamKfnWKoaAqcAnuPY="></latexit><latexit sha1_base64="gNZay/vvfHamKfnWKoaAqcAnuPY="></latexit><latexit sha1_base64="gNZay/vvfHamKfnWKoaAqcAnuPY="></latexit><latexit sha1_base64="gNZay/vvfHamKfnWKoaAqcAnuPY="></latexit>

Ue↵(r) =
M2

2mr2
� ↵

r
<latexit sha1_base64="qLvVrIKXejf/GuUem15EVtvVWg4=">AAACH3icbVDLSsNAFJ34rPUVdelmsAh1YUmKaDdCwY0boYJpC00Mk+mkHTqThJmJUEL+xI2/4saFIuKuf+O0zUJbD1zu4Zx7mbknSBiVyrImxsrq2vrGZmmrvL2zu7dvHhy2ZZwKTBwcs1h0AyQJoxFxFFWMdBNBEA8Y6QSjm6nfeSJC0jh6UOOEeBwNIhpSjJSWfPPS8TNXcEjCMK+KM3gN3VAgnN091vOszqHQHZ4XootYMkR5JnLfrFg1awa4TOyCVECBlm9+u/0Yp5xECjMkZc+2EuVlSCiKGcnLbipJgvAIDUhP0whxIr1sdl8OT7XSh2EsdEUKztTfGxniUo55oCc5UkO56E3F/7xeqsKGl9EoSRWJ8PyhMGVQxXAaFuxTQbBiY00QFlT/FeIh0lEoHWlZh2AvnrxM2vWabdXs+4tKs1HEUQLH4ARUgQ2uQBPcghZwAAbP4BW8gw/jxXgzPo2v+eiKUewcgT8wJj9KKqHk</latexit><latexit sha1_base64="qLvVrIKXejf/GuUem15EVtvVWg4=">AAACH3icbVDLSsNAFJ34rPUVdelmsAh1YUmKaDdCwY0boYJpC00Mk+mkHTqThJmJUEL+xI2/4saFIuKuf+O0zUJbD1zu4Zx7mbknSBiVyrImxsrq2vrGZmmrvL2zu7dvHhy2ZZwKTBwcs1h0AyQJoxFxFFWMdBNBEA8Y6QSjm6nfeSJC0jh6UOOEeBwNIhpSjJSWfPPS8TNXcEjCMK+KM3gN3VAgnN091vOszqHQHZ4XootYMkR5JnLfrFg1awa4TOyCVECBlm9+u/0Yp5xECjMkZc+2EuVlSCiKGcnLbipJgvAIDUhP0whxIr1sdl8OT7XSh2EsdEUKztTfGxniUo55oCc5UkO56E3F/7xeqsKGl9EoSRWJ8PyhMGVQxXAaFuxTQbBiY00QFlT/FeIh0lEoHWlZh2AvnrxM2vWabdXs+4tKs1HEUQLH4ARUgQ2uQBPcghZwAAbP4BW8gw/jxXgzPo2v+eiKUewcgT8wJj9KKqHk</latexit><latexit sha1_base64="qLvVrIKXejf/GuUem15EVtvVWg4=">AAACH3icbVDLSsNAFJ34rPUVdelmsAh1YUmKaDdCwY0boYJpC00Mk+mkHTqThJmJUEL+xI2/4saFIuKuf+O0zUJbD1zu4Zx7mbknSBiVyrImxsrq2vrGZmmrvL2zu7dvHhy2ZZwKTBwcs1h0AyQJoxFxFFWMdBNBEA8Y6QSjm6nfeSJC0jh6UOOEeBwNIhpSjJSWfPPS8TNXcEjCMK+KM3gN3VAgnN091vOszqHQHZ4XootYMkR5JnLfrFg1awa4TOyCVECBlm9+u/0Yp5xECjMkZc+2EuVlSCiKGcnLbipJgvAIDUhP0whxIr1sdl8OT7XSh2EsdEUKztTfGxniUo55oCc5UkO56E3F/7xeqsKGl9EoSRWJ8PyhMGVQxXAaFuxTQbBiY00QFlT/FeIh0lEoHWlZh2AvnrxM2vWabdXs+4tKs1HEUQLH4ARUgQ2uQBPcghZwAAbP4BW8gw/jxXgzPo2v+eiKUewcgT8wJj9KKqHk</latexit><latexit sha1_base64="qLvVrIKXejf/GuUem15EVtvVWg4=">AAACH3icbVDLSsNAFJ34rPUVdelmsAh1YUmKaDdCwY0boYJpC00Mk+mkHTqThJmJUEL+xI2/4saFIuKuf+O0zUJbD1zu4Zx7mbknSBiVyrImxsrq2vrGZmmrvL2zu7dvHhy2ZZwKTBwcs1h0AyQJoxFxFFWMdBNBEA8Y6QSjm6nfeSJC0jh6UOOEeBwNIhpSjJSWfPPS8TNXcEjCMK+KM3gN3VAgnN091vOszqHQHZ4XootYMkR5JnLfrFg1awa4TOyCVECBlm9+u/0Yp5xECjMkZc+2EuVlSCiKGcnLbipJgvAIDUhP0whxIr1sdl8OT7XSh2EsdEUKztTfGxniUo55oCc5UkO56E3F/7xeqsKGl9EoSRWJ8PyhMGVQxXAaFuxTQbBiY00QFlT/FeIh0lEoHWlZh2AvnrxM2vWabdXs+4tKs1HEUQLH4ARUgQ2uQBPcghZwAAbP4BW8gw/jxXgzPo2v+eiKUewcgT8wJj9KKqHk</latexit>
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Wir drücken jetzt r durch den Winkel aus und bestimmen die Trajektorie. 

Die Trajektorie ist ein Ellipse (geschlossen !);   p heisst ``Parameter’’, e heisst 
``Exzentrizität’’

(x� x0)2

a2
+

y2

b2
= 1

e < 1 (E < 0!)
<latexit sha1_base64="LJpDXijPqifaYffi7fEiPFbO9W8=">AAAB8nicbVBNSwMxEM3Wr1q/qh69RItQL2VXBHvwUBDBYwX7AdulZNNsG5pNlmRWKEt/hhcPinj113jz35i2e9DWBwOP92aYmRcmgh tw3W+nsLa+sblV3C7t7O7tH5QPj9pGpZqyFlVC6W5IDBNcshZwEKybaEbiULBOOL6d+Z0npg1X8hEmCQtiMpQ84pSAlfwqvsM32MWn+ KJfrrg1dw68SrycVFCOZr/81RsomsZMAhXEGN9zEwgyooFTwaalXmpYQuiYDJlvqSQxM0E2P3mKz60ywJHStiTgufp7IiOxMZM4tJ0xgZFZ9mbif56fQlQPMi6TFJiki0VRKjAoPPsfD7hmFMTEEkI1t7diOiKaULAplWwI3vLL q6R9WfPcmvdwVWnU8ziK6ASdoSry0DVqoHvURC1EkULP6BW9OeC8OO/Ox6K14OQzx+gPnM8fU6OOoQ==</latexit><latexit sha1_base64="LJpDXijPqifaYffi7fEiPFbO9W8=">AAAB8nicbVBNSwMxEM3Wr1q/qh69RItQL2VXBHvwUBDBYwX7AdulZNNsG5pNlmRWKEt/hhcPinj113jz35i2e9DWBwOP92aYmRcmgh tw3W+nsLa+sblV3C7t7O7tH5QPj9pGpZqyFlVC6W5IDBNcshZwEKybaEbiULBOOL6d+Z0npg1X8hEmCQtiMpQ84pSAlfwqvsM32MWn+ KJfrrg1dw68SrycVFCOZr/81RsomsZMAhXEGN9zEwgyooFTwaalXmpYQuiYDJlvqSQxM0E2P3mKz60ywJHStiTgufp7IiOxMZM4tJ0xgZFZ9mbif56fQlQPMi6TFJiki0VRKjAoPPsfD7hmFMTEEkI1t7diOiKaULAplWwI3vLL q6R9WfPcmvdwVWnU8ziK6ASdoSry0DVqoHvURC1EkULP6BW9OeC8OO/Ox6K14OQzx+gPnM8fU6OOoQ==</latexit><latexit sha1_base64="LJpDXijPqifaYffi7fEiPFbO9W8=">AAAB8nicbVBNSwMxEM3Wr1q/qh69RItQL2VXBHvwUBDBYwX7AdulZNNsG5pNlmRWKEt/hhcPinj113jz35i2e9DWBwOP92aYmRcmgh tw3W+nsLa+sblV3C7t7O7tH5QPj9pGpZqyFlVC6W5IDBNcshZwEKybaEbiULBOOL6d+Z0npg1X8hEmCQtiMpQ84pSAlfwqvsM32MWn+ KJfrrg1dw68SrycVFCOZr/81RsomsZMAhXEGN9zEwgyooFTwaalXmpYQuiYDJlvqSQxM0E2P3mKz60ywJHStiTgufp7IiOxMZM4tJ0xgZFZ9mbif56fQlQPMi6TFJiki0VRKjAoPPsfD7hmFMTEEkI1t7diOiKaULAplWwI3vLL q6R9WfPcmvdwVWnU8ziK6ASdoSry0DVqoHvURC1EkULP6BW9OeC8OO/Ox6K14OQzx+gPnM8fU6OOoQ==</latexit><latexit sha1_base64="LJpDXijPqifaYffi7fEiPFbO9W8=">AAAB8nicbVBNSwMxEM3Wr1q/qh69RItQL2VXBHvwUBDBYwX7AdulZNNsG5pNlmRWKEt/hhcPinj113jz35i2e9DWBwOP92aYmRcmgh tw3W+nsLa+sblV3C7t7O7tH5QPj9pGpZqyFlVC6W5IDBNcshZwEKybaEbiULBOOL6d+Z0npg1X8hEmCQtiMpQ84pSAlfwqvsM32MWn+ KJfrrg1dw68SrycVFCOZr/81RsomsZMAhXEGN9zEwgyooFTwaalXmpYQuiYDJlvqSQxM0E2P3mKz60ywJHStiTgufp7IiOxMZM4tJ0xgZFZ9mbif56fQlQPMi6TFJiki0VRKjAoPPsfD7hmFMTEEkI1t7diOiKaULAplWwI3vLL q6R9WfPcmvdwVWnU8ziK6ASdoSry0DVqoHvURC1EkULP6BW9OeC8OO/Ox6K14OQzx+gPnM8fU6OOoQ==</latexit>
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r + er cos� = p ) r + ex = p
<latexit sha1_base64="VRAkCov9F/a2XuENYyRc90mwyeE=">AAACI3icbVDLSgMxFM34rPU16tLNxSIIQpkRwaIIBTcuq9gHdErJpGkbmpkMSUYtpf/ixl9x40Ipblz4L2amI2jrCYHDOeeS3ONHnCntOJ/WwuLS8spqbi2/vrG5tW3v7NaUiCWhVSK4kA0fK8pZSKuaaU4bkaQ48Dmt+4OrxK/fU6mYCO/0MKKtAPdC1mUEayO17XMJx0AleEQo8KI+g0uIwLtIDni3rNfXWErx8COlcXhMUm274BSdFDBP3IwUUIZK2554HUHigIaacKxU03Ui3RphqRnhdJz3YkUjTAa4R5uGhjigqjVKdxzDoVE60BXS3FBDqv6eGOFAqWHgm2SAdV/Neon4n9eMdbfUGrEwijUNyfShbsxBC0gKgw6TlGg+NAQTycxfgfSxxESbWvOmBHd25XlSOym6TtG9OS2US1kdObSPDtARctEZKqNrVEFVRNATekFv6N16tl6tifUxjS5Y2cwe+gPr6xtg9KBa</latexit><latexit sha1_base64="VRAkCov9F/a2XuENYyRc90mwyeE=">AAACI3icbVDLSgMxFM34rPU16tLNxSIIQpkRwaIIBTcuq9gHdErJpGkbmpkMSUYtpf/ixl9x40Ipblz4L2amI2jrCYHDOeeS3ONHnCntOJ/WwuLS8spqbi2/vrG5tW3v7NaUiCWhVSK4kA0fK8pZSKuaaU4bkaQ48Dmt+4OrxK/fU6mYCO/0MKKtAPdC1mUEayO17XMJx0AleEQo8KI+g0uIwLtIDni3rNfXWErx8COlcXhMUm274BSdFDBP3IwUUIZK2554HUHigIaacKxU03Ui3RphqRnhdJz3YkUjTAa4R5uGhjigqjVKdxzDoVE60BXS3FBDqv6eGOFAqWHgm2SAdV/Neon4n9eMdbfUGrEwijUNyfShbsxBC0gKgw6TlGg+NAQTycxfgfSxxESbWvOmBHd25XlSOym6TtG9OS2US1kdObSPDtARctEZKqNrVEFVRNATekFv6N16tl6tifUxjS5Y2cwe+gPr6xtg9KBa</latexit><latexit sha1_base64="VRAkCov9F/a2XuENYyRc90mwyeE=">AAACI3icbVDLSgMxFM34rPU16tLNxSIIQpkRwaIIBTcuq9gHdErJpGkbmpkMSUYtpf/ixl9x40Ipblz4L2amI2jrCYHDOeeS3ONHnCntOJ/WwuLS8spqbi2/vrG5tW3v7NaUiCWhVSK4kA0fK8pZSKuaaU4bkaQ48Dmt+4OrxK/fU6mYCO/0MKKtAPdC1mUEayO17XMJx0AleEQo8KI+g0uIwLtIDni3rNfXWErx8COlcXhMUm274BSdFDBP3IwUUIZK2554HUHigIaacKxU03Ui3RphqRnhdJz3YkUjTAa4R5uGhjigqjVKdxzDoVE60BXS3FBDqv6eGOFAqWHgm2SAdV/Neon4n9eMdbfUGrEwijUNyfShbsxBC0gKgw6TlGg+NAQTycxfgfSxxESbWvOmBHd25XlSOym6TtG9OS2US1kdObSPDtARctEZKqNrVEFVRNATekFv6N16tl6tifUxjS5Y2cwe+gPr6xtg9KBa</latexit><latexit sha1_base64="VRAkCov9F/a2XuENYyRc90mwyeE=">AAACI3icbVDLSgMxFM34rPU16tLNxSIIQpkRwaIIBTcuq9gHdErJpGkbmpkMSUYtpf/ixl9x40Ipblz4L2amI2jrCYHDOeeS3ONHnCntOJ/WwuLS8spqbi2/vrG5tW3v7NaUiCWhVSK4kA0fK8pZSKuaaU4bkaQ48Dmt+4OrxK/fU6mYCO/0MKKtAPdC1mUEayO17XMJx0AleEQo8KI+g0uIwLtIDni3rNfXWErx8COlcXhMUm274BSdFDBP3IwUUIZK2554HUHigIaacKxU03Ui3RphqRnhdJz3YkUjTAa4R5uGhjigqjVKdxzDoVE60BXS3FBDqv6eGOFAqWHgm2SAdV/Neon4n9eMdbfUGrEwijUNyfShbsxBC0gKgw6TlGg+NAQTycxfgfSxxESbWvOmBHd25XlSOym6TtG9OS2US1kdObSPDtARctEZKqNrVEFVRNATekFv6N16tl6tifUxjS5Y2cwe+gPr6xtg9KBa</latexit>

r = p� ex ) x2 + y2 = (p� ex)2
<latexit sha1_base64="U62zy3T2w31NFpUPgQ00Cm8nCoQ=">AAACI3icbVDJSkMxFM1zrHWqunRzsQiKWN4rgkUpFNy4rGIH6EReetuG5g0kedpS+i9u/BU3LpTixoX/YjoIaj0hl8M595Lc44aCK23bH9bC4tLyympsLb6+sbm1ndjZLaogkgwLLBCBLLtUoeA+FjTXAsuhROq5Aktu92rsl+5RKh74d7ofYs2jbZ+3OKPaSI3EhYQshHAK2IPq5fhA9Za3O5pKGTx8S716Gk6gb2oWjsJThN5xPd1IJO2UPQHME2dGkmSGfCMxqjYDFnnoayaoUhXHDnVtQKXmTOAwXo0UhpR1aRsrhvrUQ1UbTHYcwqFRmtAKpLm+hon6c2JAPaX6nms6Pao76q83Fv/zKpFuZWoD7oeRRp9NH2pFAnQA48CgySUyLfqGUCa5+SuwDpWUaRNr3ITg/F15nhTTKcdOOTdnyVxmFkeM7JMDckQcck5y5JrkSYEw8kieySt5s56sF2tkvU9bF6zZzB75BevzCxiZn5E=</latexit><latexit sha1_base64="U62zy3T2w31NFpUPgQ00Cm8nCoQ=">AAACI3icbVDJSkMxFM1zrHWqunRzsQiKWN4rgkUpFNy4rGIH6EReetuG5g0kedpS+i9u/BU3LpTixoX/YjoIaj0hl8M595Lc44aCK23bH9bC4tLyympsLb6+sbm1ndjZLaogkgwLLBCBLLtUoeA+FjTXAsuhROq5Aktu92rsl+5RKh74d7ofYs2jbZ+3OKPaSI3EhYQshHAK2IPq5fhA9Za3O5pKGTx8S716Gk6gb2oWjsJThN5xPd1IJO2UPQHME2dGkmSGfCMxqjYDFnnoayaoUhXHDnVtQKXmTOAwXo0UhpR1aRsrhvrUQ1UbTHYcwqFRmtAKpLm+hon6c2JAPaX6nms6Pao76q83Fv/zKpFuZWoD7oeRRp9NH2pFAnQA48CgySUyLfqGUCa5+SuwDpWUaRNr3ITg/F15nhTTKcdOOTdnyVxmFkeM7JMDckQcck5y5JrkSYEw8kieySt5s56sF2tkvU9bF6zZzB75BevzCxiZn5E=</latexit><latexit sha1_base64="U62zy3T2w31NFpUPgQ00Cm8nCoQ=">AAACI3icbVDJSkMxFM1zrHWqunRzsQiKWN4rgkUpFNy4rGIH6EReetuG5g0kedpS+i9u/BU3LpTixoX/YjoIaj0hl8M595Lc44aCK23bH9bC4tLyympsLb6+sbm1ndjZLaogkgwLLBCBLLtUoeA+FjTXAsuhROq5Aktu92rsl+5RKh74d7ofYs2jbZ+3OKPaSI3EhYQshHAK2IPq5fhA9Za3O5pKGTx8S716Gk6gb2oWjsJThN5xPd1IJO2UPQHME2dGkmSGfCMxqjYDFnnoayaoUhXHDnVtQKXmTOAwXo0UhpR1aRsrhvrUQ1UbTHYcwqFRmtAKpLm+hon6c2JAPaX6nms6Pao76q83Fv/zKpFuZWoD7oeRRp9NH2pFAnQA48CgySUyLfqGUCa5+SuwDpWUaRNr3ITg/F15nhTTKcdOOTdnyVxmFkeM7JMDckQcck5y5JrkSYEw8kieySt5s56sF2tkvU9bF6zZzB75BevzCxiZn5E=</latexit><latexit sha1_base64="U62zy3T2w31NFpUPgQ00Cm8nCoQ=">AAACI3icbVDJSkMxFM1zrHWqunRzsQiKWN4rgkUpFNy4rGIH6EReetuG5g0kedpS+i9u/BU3LpTixoX/YjoIaj0hl8M595Lc44aCK23bH9bC4tLyympsLb6+sbm1ndjZLaogkgwLLBCBLLtUoeA+FjTXAsuhROq5Aktu92rsl+5RKh74d7ofYs2jbZ+3OKPaSI3EhYQshHAK2IPq5fhA9Za3O5pKGTx8S716Gk6gb2oWjsJThN5xPd1IJO2UPQHME2dGkmSGfCMxqjYDFnnoayaoUhXHDnVtQKXmTOAwXo0UhpR1aRsrhvrUQ1UbTHYcwqFRmtAKpLm+hon6c2JAPaX6nms6Pao76q83Fv/zKpFuZWoD7oeRRp9NH2pFAnQA48CgySUyLfqGUCa5+SuwDpWUaRNr3ITg/F15nhTTKcdOOTdnyVxmFkeM7JMDckQcck5y5JrkSYEw8kieySt5s56sF2tkvU9bF6zZzB75BevzCxiZn5E=</latexit>

x0 = � pe

1� e2
<latexit sha1_base64="q1UKVH7UoquplBGlF/pSBrHWTFs=">AAACAHicbVBNS8NAEN34WetX1IMHL4tF8NKSFMFehIIXjxXsB7SxbLaTdulmE3Y3Ygm5+Fe8eFDEqz/Dm//GbZuDtj4YeLw3w8w8P+ZMacf5tlZW19Y3Ngtbxe2d3b19++CwpaJEUmjSiEey4xMFnAloaqY5dGIJJPQ5tP3x9dRvP4BULBJ3ehKDF5KhYAGjRBupbx8/9h18hcu9QBKaxpClbhnuq1nfLjkVZwa8TNyclFCORt/+6g0imoQgNOVEqa7rxNpLidSMcsiKvURBTOiYDKFrqCAhKC+dPZDhM6MMcBBJU0Ljmfp7IiWhUpPQN50h0SO16E3F/7xuooOalzIRJxoEnS8KEo51hKdp4AGTQDWfGEKoZOZWTEfERKFNZkUTgrv48jJpVSuuU3FvL0r1Wh5HAZ2gU3SOXHSJ6ugGNVATUZShZ/SK3qwn68V6tz7mrStWPnOE/sD6/AHlzJVI</latexit><latexit sha1_base64="q1UKVH7UoquplBGlF/pSBrHWTFs=">AAACAHicbVBNS8NAEN34WetX1IMHL4tF8NKSFMFehIIXjxXsB7SxbLaTdulmE3Y3Ygm5+Fe8eFDEqz/Dm//GbZuDtj4YeLw3w8w8P+ZMacf5tlZW19Y3Ngtbxe2d3b19++CwpaJEUmjSiEey4xMFnAloaqY5dGIJJPQ5tP3x9dRvP4BULBJ3ehKDF5KhYAGjRBupbx8/9h18hcu9QBKaxpClbhnuq1nfLjkVZwa8TNyclFCORt/+6g0imoQgNOVEqa7rxNpLidSMcsiKvURBTOiYDKFrqCAhKC+dPZDhM6MMcBBJU0Ljmfp7IiWhUpPQN50h0SO16E3F/7xuooOalzIRJxoEnS8KEo51hKdp4AGTQDWfGEKoZOZWTEfERKFNZkUTgrv48jJpVSuuU3FvL0r1Wh5HAZ2gU3SOXHSJ6ugGNVATUZShZ/SK3qwn68V6tz7mrStWPnOE/sD6/AHlzJVI</latexit><latexit sha1_base64="q1UKVH7UoquplBGlF/pSBrHWTFs=">AAACAHicbVBNS8NAEN34WetX1IMHL4tF8NKSFMFehIIXjxXsB7SxbLaTdulmE3Y3Ygm5+Fe8eFDEqz/Dm//GbZuDtj4YeLw3w8w8P+ZMacf5tlZW19Y3Ngtbxe2d3b19++CwpaJEUmjSiEey4xMFnAloaqY5dGIJJPQ5tP3x9dRvP4BULBJ3ehKDF5KhYAGjRBupbx8/9h18hcu9QBKaxpClbhnuq1nfLjkVZwa8TNyclFCORt/+6g0imoQgNOVEqa7rxNpLidSMcsiKvURBTOiYDKFrqCAhKC+dPZDhM6MMcBBJU0Ljmfp7IiWhUpPQN50h0SO16E3F/7xuooOalzIRJxoEnS8KEo51hKdp4AGTQDWfGEKoZOZWTEfERKFNZkUTgrv48jJpVSuuU3FvL0r1Wh5HAZ2gU3SOXHSJ6ugGNVATUZShZ/SK3qwn68V6tz7mrStWPnOE/sD6/AHlzJVI</latexit><latexit sha1_base64="q1UKVH7UoquplBGlF/pSBrHWTFs=">AAACAHicbVBNS8NAEN34WetX1IMHL4tF8NKSFMFehIIXjxXsB7SxbLaTdulmE3Y3Ygm5+Fe8eFDEqz/Dm//GbZuDtj4YeLw3w8w8P+ZMacf5tlZW19Y3Ngtbxe2d3b19++CwpaJEUmjSiEey4xMFnAloaqY5dGIJJPQ5tP3x9dRvP4BULBJ3ehKDF5KhYAGjRBupbx8/9h18hcu9QBKaxpClbhnuq1nfLjkVZwa8TNyclFCORt/+6g0imoQgNOVEqa7rxNpLidSMcsiKvURBTOiYDKFrqCAhKC+dPZDhM6MMcBBJU0Ljmfp7IiWhUpPQN50h0SO16E3F/7xuooOalzIRJxoEnS8KEo51hKdp4AGTQDWfGEKoZOZWTEfERKFNZkUTgrv48jJpVSuuU3FvL0r1Wh5HAZ2gU3SOXHSJ6ugGNVATUZShZ/SK3qwn68V6tz7mrStWPnOE/sD6/AHlzJVI</latexit>

a =
p

1� e2
<latexit sha1_base64="mR+gAxNNIRyIOuhVLVmJWTTxzSs=">AAAB/HicbVBNS8NAEJ34WetXtEcvi0XwYkmKYC9CwYvHCvYD2lg22027dLMJuxshhPhXvHhQxKs/xJv/xm2bg7Y+GHi8N8PMPD/mTGnH+bbW1jc2t7ZLO+Xdvf2DQ/vouKOiRBLaJhGPZM/HinImaFszzWkvlhSHPqddf3oz87uPVCoWiXudxtQL8ViwgBGsjTS0Kxhdo0EgMcniPHMv6EM9H9pVp+bMgVaJW5AqFGgN7a/BKCJJSIUmHCvVd51YexmWmhFO8/IgUTTGZIrHtG+owCFVXjY/PkdnRhmhIJKmhEZz9fdEhkOl0tA3nSHWE7XszcT/vH6ig4aXMREnmgqyWBQkHOkIzZJAIyYp0Tw1BBPJzK2ITLBJQpu8yiYEd/nlVdKp11yn5t5dVpuNIo4SnMApnIMLV9CEW2hBGwik8Ayv8GY9WS/Wu/WxaF2zipkK/IH1+QNfSJPo</latexit><latexit sha1_base64="mR+gAxNNIRyIOuhVLVmJWTTxzSs=">AAAB/HicbVBNS8NAEJ34WetXtEcvi0XwYkmKYC9CwYvHCvYD2lg22027dLMJuxshhPhXvHhQxKs/xJv/xm2bg7Y+GHi8N8PMPD/mTGnH+bbW1jc2t7ZLO+Xdvf2DQ/vouKOiRBLaJhGPZM/HinImaFszzWkvlhSHPqddf3oz87uPVCoWiXudxtQL8ViwgBGsjTS0Kxhdo0EgMcniPHMv6EM9H9pVp+bMgVaJW5AqFGgN7a/BKCJJSIUmHCvVd51YexmWmhFO8/IgUTTGZIrHtG+owCFVXjY/PkdnRhmhIJKmhEZz9fdEhkOl0tA3nSHWE7XszcT/vH6ig4aXMREnmgqyWBQkHOkIzZJAIyYp0Tw1BBPJzK2ITLBJQpu8yiYEd/nlVdKp11yn5t5dVpuNIo4SnMApnIMLV9CEW2hBGwik8Ayv8GY9WS/Wu/WxaF2zipkK/IH1+QNfSJPo</latexit><latexit sha1_base64="mR+gAxNNIRyIOuhVLVmJWTTxzSs=">AAAB/HicbVBNS8NAEJ34WetXtEcvi0XwYkmKYC9CwYvHCvYD2lg22027dLMJuxshhPhXvHhQxKs/xJv/xm2bg7Y+GHi8N8PMPD/mTGnH+bbW1jc2t7ZLO+Xdvf2DQ/vouKOiRBLaJhGPZM/HinImaFszzWkvlhSHPqddf3oz87uPVCoWiXudxtQL8ViwgBGsjTS0Kxhdo0EgMcniPHMv6EM9H9pVp+bMgVaJW5AqFGgN7a/BKCJJSIUmHCvVd51YexmWmhFO8/IgUTTGZIrHtG+owCFVXjY/PkdnRhmhIJKmhEZz9fdEhkOl0tA3nSHWE7XszcT/vH6ig4aXMREnmgqyWBQkHOkIzZJAIyYp0Tw1BBPJzK2ITLBJQpu8yiYEd/nlVdKp11yn5t5dVpuNIo4SnMApnIMLV9CEW2hBGwik8Ayv8GY9WS/Wu/WxaF2zipkK/IH1+QNfSJPo</latexit><latexit sha1_base64="mR+gAxNNIRyIOuhVLVmJWTTxzSs=">AAAB/HicbVBNS8NAEJ34WetXtEcvi0XwYkmKYC9CwYvHCvYD2lg22027dLMJuxshhPhXvHhQxKs/xJv/xm2bg7Y+GHi8N8PMPD/mTGnH+bbW1jc2t7ZLO+Xdvf2DQ/vouKOiRBLaJhGPZM/HinImaFszzWkvlhSHPqddf3oz87uPVCoWiXudxtQL8ViwgBGsjTS0Kxhdo0EgMcniPHMv6EM9H9pVp+bMgVaJW5AqFGgN7a/BKCJJSIUmHCvVd51YexmWmhFO8/IgUTTGZIrHtG+owCFVXjY/PkdnRhmhIJKmhEZz9fdEhkOl0tA3nSHWE7XszcT/vH6ig4aXMREnmgqyWBQkHOkIzZJAIyYp0Tw1BBPJzK2ITLBJQpu8yiYEd/nlVdKp11yn5t5dVpuNIo4SnMApnIMLV9CEW2hBGwik8Ayv8GY9WS/Wu/WxaF2zipkK/IH1+QNfSJPo</latexit>

b =
pp

1� e2
<latexit sha1_base64="e/4VxRe6AQD7zr+OGHJeLF4J6dg=">AAACA3icbVDLSsNAFJ34rPUVdaebwSK4sSRFsBuh4MZlBfuAJpbJdNIOnUzizI1QQsCNv+LGhSJu/Ql3/o3Tx0JbD1w4nHMv994TJIJrcJxva2l5ZXVtvbBR3Nza3tm19/abOk4VZQ0ai1i1A6KZ4JI1gINg7UQxEgWCtYLh1dhvPTCleSxvYZQwPyJ9yUNOCRipax8G+BJ7oSI0S/LM0/cKMveM3VXyvGuXnLIzAV4k7oyU0Az1rv3l9WKaRkwCFUTrjusk4GdEAaeC5UUv1SwhdEj6rGOoJBHTfjb5IccnRunhMFamJOCJ+nsiI5HWoygwnRGBgZ73xuJ/XieFsOpnXCYpMEmni8JUYIjxOBDc44pRECNDCFXc3IrpgJhAwMRWNCG48y8vkmal7Dpl9+a8VKvO4iigI3SMTpGLLlANXaM6aiCKHtEzekVv1pP1Yr1bH9PWJWs2c4D+wPr8AVp7l00=</latexit><latexit sha1_base64="e/4VxRe6AQD7zr+OGHJeLF4J6dg=">AAACA3icbVDLSsNAFJ34rPUVdaebwSK4sSRFsBuh4MZlBfuAJpbJdNIOnUzizI1QQsCNv+LGhSJu/Ql3/o3Tx0JbD1w4nHMv994TJIJrcJxva2l5ZXVtvbBR3Nza3tm19/abOk4VZQ0ai1i1A6KZ4JI1gINg7UQxEgWCtYLh1dhvPTCleSxvYZQwPyJ9yUNOCRipax8G+BJ7oSI0S/LM0/cKMveM3VXyvGuXnLIzAV4k7oyU0Az1rv3l9WKaRkwCFUTrjusk4GdEAaeC5UUv1SwhdEj6rGOoJBHTfjb5IccnRunhMFamJOCJ+nsiI5HWoygwnRGBgZ73xuJ/XieFsOpnXCYpMEmni8JUYIjxOBDc44pRECNDCFXc3IrpgJhAwMRWNCG48y8vkmal7Dpl9+a8VKvO4iigI3SMTpGLLlANXaM6aiCKHtEzekVv1pP1Yr1bH9PWJWs2c4D+wPr8AVp7l00=</latexit><latexit sha1_base64="e/4VxRe6AQD7zr+OGHJeLF4J6dg=">AAACA3icbVDLSsNAFJ34rPUVdaebwSK4sSRFsBuh4MZlBfuAJpbJdNIOnUzizI1QQsCNv+LGhSJu/Ql3/o3Tx0JbD1w4nHMv994TJIJrcJxva2l5ZXVtvbBR3Nza3tm19/abOk4VZQ0ai1i1A6KZ4JI1gINg7UQxEgWCtYLh1dhvPTCleSxvYZQwPyJ9yUNOCRipax8G+BJ7oSI0S/LM0/cKMveM3VXyvGuXnLIzAV4k7oyU0Az1rv3l9WKaRkwCFUTrjusk4GdEAaeC5UUv1SwhdEj6rGOoJBHTfjb5IccnRunhMFamJOCJ+nsiI5HWoygwnRGBgZ73xuJ/XieFsOpnXCYpMEmni8JUYIjxOBDc44pRECNDCFXc3IrpgJhAwMRWNCG48y8vkmal7Dpl9+a8VKvO4iigI3SMTpGLLlANXaM6aiCKHtEzekVv1pP1Yr1bH9PWJWs2c4D+wPr8AVp7l00=</latexit><latexit sha1_base64="e/4VxRe6AQD7zr+OGHJeLF4J6dg=">AAACA3icbVDLSsNAFJ34rPUVdaebwSK4sSRFsBuh4MZlBfuAJpbJdNIOnUzizI1QQsCNv+LGhSJu/Ql3/o3Tx0JbD1w4nHMv994TJIJrcJxva2l5ZXVtvbBR3Nza3tm19/abOk4VZQ0ai1i1A6KZ4JI1gINg7UQxEgWCtYLh1dhvPTCleSxvYZQwPyJ9yUNOCRipax8G+BJ7oSI0S/LM0/cKMveM3VXyvGuXnLIzAV4k7oyU0Az1rv3l9WKaRkwCFUTrjusk4GdEAaeC5UUv1SwhdEj6rGOoJBHTfjb5IccnRunhMFamJOCJ+nsiI5HWoygwnRGBgZ73xuJ/XieFsOpnXCYpMEmni8JUYIjxOBDc44pRECNDCFXc3IrpgJhAwMRWNCG48y8vkmal7Dpl9+a8VKvO4iigI3SMTpGLLlANXaM6aiCKHtEzekVv1pP1Yr1bH9PWJWs2c4D+wPr8AVp7l00=</latexit>

r =
p

1 + e cos�
p =

M2

m↵
e =

r
1 +

2EM2

m↵2
<latexit sha1_base64="PWD59ByOowogsqMQ1mE2zMdBdvE="></latexit><latexit sha1_base64="PWD59ByOowogsqMQ1mE2zMdBdvE="></latexit><latexit sha1_base64="PWD59ByOowogsqMQ1mE2zMdBdvE="></latexit><latexit sha1_base64="PWD59ByOowogsqMQ1mE2zMdBdvE="></latexit>

e = 0.4
<latexit sha1_base 64="+BE/FpSIQQt8exqbaWfhbJ5Atck=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEsBeh4MVjBfsBbSib7aRdutmE3Y1QQn+E Fw+KePX3ePPfuG1z0NYHA4/3ZpiZF6aCa+N5305pY3Nre6e8W9nbPzg8qh6ftHWSKYYtlohEdUOqUXCJLcONwG6qkMahwE44uZv7nSdUmify0UxTDGI6kjzijBordZDcEs+9HlRrnustQNaJX5AaFGgOql/9YcKyGKVhgmrd873 UBDlVhjOBs0o/05hSNqEj7FkqaYw6yBfnzsiFVYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8zUT3IuUwzg5ItF0WZICYh89/JkC tkRkwtoUxxeythY6ooMzahig3BX315nbSvXN9z/YfrWqNexFGGMziHS/DhBhpwD01oAYMJPMMrvDmp8+K8Ox/L1pJTzJzCHzifP0Oqjio=</latexit><latexit sha1_base 64="+BE/FpSIQQt8exqbaWfhbJ5Atck=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEsBeh4MVjBfsBbSib7aRdutmE3Y1QQn+E Fw+KePX3ePPfuG1z0NYHA4/3ZpiZF6aCa+N5305pY3Nre6e8W9nbPzg8qh6ftHWSKYYtlohEdUOqUXCJLcONwG6qkMahwE44uZv7nSdUmify0UxTDGI6kjzijBordZDcEs+9HlRrnustQNaJX5AaFGgOql/9YcKyGKVhgmrd873 UBDlVhjOBs0o/05hSNqEj7FkqaYw6yBfnzsiFVYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8zUT3IuUwzg5ItF0WZICYh89/JkC tkRkwtoUxxeythY6ooMzahig3BX315nbSvXN9z/YfrWqNexFGGMziHS/DhBhpwD01oAYMJPMMrvDmp8+K8Ox/L1pJTzJzCHzifP0Oqjio=</latexit><latexit sha1_base 64="+BE/FpSIQQt8exqbaWfhbJ5Atck=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEsBeh4MVjBfsBbSib7aRdutmE3Y1QQn+E Fw+KePX3ePPfuG1z0NYHA4/3ZpiZF6aCa+N5305pY3Nre6e8W9nbPzg8qh6ftHWSKYYtlohEdUOqUXCJLcONwG6qkMahwE44uZv7nSdUmify0UxTDGI6kjzijBordZDcEs+9HlRrnustQNaJX5AaFGgOql/9YcKyGKVhgmrd873 UBDlVhjOBs0o/05hSNqEj7FkqaYw6yBfnzsiFVYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8zUT3IuUwzg5ItF0WZICYh89/JkC tkRkwtoUxxeythY6ooMzahig3BX315nbSvXN9z/YfrWqNexFGGMziHS/DhBhpwD01oAYMJPMMrvDmp8+K8Ox/L1pJTzJzCHzifP0Oqjio=</latexit><latexit sha1_base 64="+BE/FpSIQQt8exqbaWfhbJ5Atck=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEsBeh4MVjBfsBbSib7aRdutmE3Y1QQn+E Fw+KePX3ePPfuG1z0NYHA4/3ZpiZF6aCa+N5305pY3Nre6e8W9nbPzg8qh6ftHWSKYYtlohEdUOqUXCJLcONwG6qkMahwE44uZv7nSdUmify0UxTDGI6kjzijBordZDcEs+9HlRrnustQNaJX5AaFGgOql/9YcKyGKVhgmrd873 UBDlVhjOBs0o/05hSNqEj7FkqaYw6yBfnzsiFVYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8zUT3IuUwzg5ItF0WZICYh89/JkC tkRkwtoUxxeythY6ooMzahig3BX315nbSvXN9z/YfrWqNexFGGMziHS/DhBhpwD01oAYMJPMMrvDmp8+K8Ox/L1pJTzJzCHzifP0Oqjio=</latexit>

e = 0.8
<latexit sha1_base64="op1meSfkSdPz6 1mBUHKdhLb34qU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEsBeh4MVjBfsBbSib7aRdutmE3Y1QQn+EFw+KePX3ePPfuG1z0NYHA4/3ZpiZF6aCa+N5305pY3Nre6e8W9nbPzg8qh6ftHWSKYYtlohEdUOqUXCJLcONwG6qkMahwE44uZv7nSdUmify0UxTDGI6kjzijBordZDcEs+tD6o1z/UWIOvEL0gNCjQH1a/+MGFZjNIwQbXu+V5qgpwqw5nAWaWfaUwp m9AR9iyVNEYd5ItzZ+TCKkMSJcqWNGSh/p7Iaaz1NA5tZ0zNWK96c/E/r5eZqB7kXKaZQcmWi6JMEJOQ+e9kyBUyI6aWUKa4vZWwMVWUGZtQxYbgr768TtpXru+5/sN1rVEv4ijDGZzDJfhwAw24hya0gMEEnuEV3pzUeXHenY9la8kpZk7hD5zPH0m6ji4=</latexit><latexit sha1_base64="op1meSfkSdPz6 1mBUHKdhLb34qU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEsBeh4MVjBfsBbSib7aRdutmE3Y1QQn+EFw+KePX3ePPfuG1z0NYHA4/3ZpiZF6aCa+N5305pY3Nre6e8W9nbPzg8qh6ftHWSKYYtlohEdUOqUXCJLcONwG6qkMahwE44uZv7nSdUmify0UxTDGI6kjzijBordZDcEs+tD6o1z/UWIOvEL0gNCjQH1a/+MGFZjNIwQbXu+V5qgpwqw5nAWaWfaUwp m9AR9iyVNEYd5ItzZ+TCKkMSJcqWNGSh/p7Iaaz1NA5tZ0zNWK96c/E/r5eZqB7kXKaZQcmWi6JMEJOQ+e9kyBUyI6aWUKa4vZWwMVWUGZtQxYbgr768TtpXru+5/sN1rVEv4ijDGZzDJfhwAw24hya0gMEEnuEV3pzUeXHenY9la8kpZk7hD5zPH0m6ji4=</latexit><latexit sha1_base64="op1meSfkSdPz6 1mBUHKdhLb34qU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEsBeh4MVjBfsBbSib7aRdutmE3Y1QQn+EFw+KePX3ePPfuG1z0NYHA4/3ZpiZF6aCa+N5305pY3Nre6e8W9nbPzg8qh6ftHWSKYYtlohEdUOqUXCJLcONwG6qkMahwE44uZv7nSdUmify0UxTDGI6kjzijBordZDcEs+tD6o1z/UWIOvEL0gNCjQH1a/+MGFZjNIwQbXu+V5qgpwqw5nAWaWfaUwp m9AR9iyVNEYd5ItzZ+TCKkMSJcqWNGSh/p7Iaaz1NA5tZ0zNWK96c/E/r5eZqB7kXKaZQcmWi6JMEJOQ+e9kyBUyI6aWUKa4vZWwMVWUGZtQxYbgr768TtpXru+5/sN1rVEv4ijDGZzDJfhwAw24hya0gMEEnuEV3pzUeXHenY9la8kpZk7hD5zPH0m6ji4=</latexit><latexit sha1_base64="op1meSfkSdPz6 1mBUHKdhLb34qU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEsBeh4MVjBfsBbSib7aRdutmE3Y1QQn+EFw+KePX3ePPfuG1z0NYHA4/3ZpiZF6aCa+N5305pY3Nre6e8W9nbPzg8qh6ftHWSKYYtlohEdUOqUXCJLcONwG6qkMahwE44uZv7nSdUmify0UxTDGI6kjzijBordZDcEs+tD6o1z/UWIOvEL0gNCjQH1a/+MGFZjNIwQbXu+V5qgpwqw5nAWaWfaUwp m9AR9iyVNEYd5ItzZ+TCKkMSJcqWNGSh/p7Iaaz1NA5tZ0zNWK96c/E/r5eZqB7kXKaZQcmWi6JMEJOQ+e9kyBUyI6aWUKa4vZWwMVWUGZtQxYbgr768TtpXru+5/sN1rVEv4ijDGZzDJfhwAw24hya0gMEEnuEV3pzUeXHenY9la8kpZk7hD5zPH0m6ji4=</latexit>

p = 1
<latexit sha1_base64="odfZ iWHBYUtJxGIQETiE6Feijvo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsBeh4MVjBdMW2lA220m7dLMJuxuhhP4GLx4U8eoP8ua/cdvmoK0PBh7vzT AzL0wF18Z1v53SxubW9k55t7K3f3B4VD0+aeskUwx9lohEdUOqUXCJvuFGYDdVSONQYCec3M39zhMqzRP5aKYpBjEdSR5xRo2V/JTcEm9Qrbl1dwGyTryC1KBAa1D96g8TlsUoDRNU657npibIqTKcCZxV +pnGlLIJHWHPUklj1EG+OHZGLqwyJFGibElDFurviZzGWk/j0HbG1Iz1qjcX//N6mYkaQc5lmhmUbLkoygQxCZl/ToZcITNiagllittbCRtTRZmx+VRsCN7q y+ukfVX33Lr3cF1rNoo4ynAG53AJHtxAE+6hBT4w4PAMr/DmSOfFeXc+lq0lp5g5hT9wPn8AdUONwA==</latexit><latexit sha1_base64="odfZ iWHBYUtJxGIQETiE6Feijvo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsBeh4MVjBdMW2lA220m7dLMJuxuhhP4GLx4U8eoP8ua/cdvmoK0PBh7vzT AzL0wF18Z1v53SxubW9k55t7K3f3B4VD0+aeskUwx9lohEdUOqUXCJvuFGYDdVSONQYCec3M39zhMqzRP5aKYpBjEdSR5xRo2V/JTcEm9Qrbl1dwGyTryC1KBAa1D96g8TlsUoDRNU657npibIqTKcCZxV +pnGlLIJHWHPUklj1EG+OHZGLqwyJFGibElDFurviZzGWk/j0HbG1Iz1qjcX//N6mYkaQc5lmhmUbLkoygQxCZl/ToZcITNiagllittbCRtTRZmx+VRsCN7q y+ukfVX33Lr3cF1rNoo4ynAG53AJHtxAE+6hBT4w4PAMr/DmSOfFeXc+lq0lp5g5hT9wPn8AdUONwA==</latexit><latexit sha1_base64="odfZ iWHBYUtJxGIQETiE6Feijvo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsBeh4MVjBdMW2lA220m7dLMJuxuhhP4GLx4U8eoP8ua/cdvmoK0PBh7vzT AzL0wF18Z1v53SxubW9k55t7K3f3B4VD0+aeskUwx9lohEdUOqUXCJvuFGYDdVSONQYCec3M39zhMqzRP5aKYpBjEdSR5xRo2V/JTcEm9Qrbl1dwGyTryC1KBAa1D96g8TlsUoDRNU657npibIqTKcCZxV +pnGlLIJHWHPUklj1EG+OHZGLqwyJFGibElDFurviZzGWk/j0HbG1Iz1qjcX//N6mYkaQc5lmhmUbLkoygQxCZl/ToZcITNiagllittbCRtTRZmx+VRsCN7q y+ukfVX33Lr3cF1rNoo4ynAG53AJHtxAE+6hBT4w4PAMr/DmSOfFeXc+lq0lp5g5hT9wPn8AdUONwA==</latexit><latexit sha1_base64="odfZ iWHBYUtJxGIQETiE6Feijvo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsBeh4MVjBdMW2lA220m7dLMJuxuhhP4GLx4U8eoP8ua/cdvmoK0PBh7vzT AzL0wF18Z1v53SxubW9k55t7K3f3B4VD0+aeskUwx9lohEdUOqUXCJvuFGYDdVSONQYCec3M39zhMqzRP5aKYpBjEdSR5xRo2V/JTcEm9Qrbl1dwGyTryC1KBAa1D96g8TlsUoDRNU657npibIqTKcCZxV +pnGlLIJHWHPUklj1EG+OHZGLqwyJFGibElDFurviZzGWk/j0HbG1Iz1qjcX//N6mYkaQc5lmhmUbLkoygQxCZl/ToZcITNiagllittbCRtTRZmx+VRsCN7q y+ukfVX33Lr3cF1rNoo4ynAG53AJHtxAE+6hBT4w4PAMr/DmSOfFeXc+lq0lp5g5hT9wPn8AdUONwA==</latexit>

Ue↵(r) =
M2

2mr2
� ↵

r
<latexit sha1_base64="qLvVrIKXejf/GuUem15EVtvVWg4=">AAACH3icbVDLSsNAFJ34rPUVdelmsAh1YUmKaDdCwY0boYJpC00Mk+mkHTqThJmJUEL+xI2/4saFIuKuf+O0zUJbD1zu4Zx7mbknSBiVyrImxsrq2vrGZmmrvL2zu7dvHhy2ZZwKTBwcs1h0AyQJoxFxFFWMdBNBEA8Y6QSjm6nfeSJC0jh6UOOEeBwNIhpSjJSWfPPS8TNXcEjCMK+KM3gN3VAgnN091vOszqHQHZ4XootYMkR5JnLfrFg1awa4TOyCVECBlm9+u/0Yp5xECjMkZc+2EuVlSCiKGcnLbipJgvAIDUhP0whxIr1sdl8OT7XSh2EsdEUKztTfGxniUo55oCc5UkO56E3F/7xeqsKGl9EoSRWJ8PyhMGVQxXAaFuxTQbBiY00QFlT/FeIh0lEoHWlZh2AvnrxM2vWabdXs+4tKs1HEUQLH4ARUgQ2uQBPcghZwAAbP4BW8gw/jxXgzPo2v+eiKUewcgT8wJj9KKqHk</latexit><latexit sha1_base64="qLvVrIKXejf/GuUem15EVtvVWg4=">AAACH3icbVDLSsNAFJ34rPUVdelmsAh1YUmKaDdCwY0boYJpC00Mk+mkHTqThJmJUEL+xI2/4saFIuKuf+O0zUJbD1zu4Zx7mbknSBiVyrImxsrq2vrGZmmrvL2zu7dvHhy2ZZwKTBwcs1h0AyQJoxFxFFWMdBNBEA8Y6QSjm6nfeSJC0jh6UOOEeBwNIhpSjJSWfPPS8TNXcEjCMK+KM3gN3VAgnN091vOszqHQHZ4XootYMkR5JnLfrFg1awa4TOyCVECBlm9+u/0Yp5xECjMkZc+2EuVlSCiKGcnLbipJgvAIDUhP0whxIr1sdl8OT7XSh2EsdEUKztTfGxniUo55oCc5UkO56E3F/7xeqsKGl9EoSRWJ8PyhMGVQxXAaFuxTQbBiY00QFlT/FeIh0lEoHWlZh2AvnrxM2vWabdXs+4tKs1HEUQLH4ARUgQ2uQBPcghZwAAbP4BW8gw/jxXgzPo2v+eiKUewcgT8wJj9KKqHk</latexit><latexit sha1_base64="qLvVrIKXejf/GuUem15EVtvVWg4=">AAACH3icbVDLSsNAFJ34rPUVdelmsAh1YUmKaDdCwY0boYJpC00Mk+mkHTqThJmJUEL+xI2/4saFIuKuf+O0zUJbD1zu4Zx7mbknSBiVyrImxsrq2vrGZmmrvL2zu7dvHhy2ZZwKTBwcs1h0AyQJoxFxFFWMdBNBEA8Y6QSjm6nfeSJC0jh6UOOEeBwNIhpSjJSWfPPS8TNXcEjCMK+KM3gN3VAgnN091vOszqHQHZ4XootYMkR5JnLfrFg1awa4TOyCVECBlm9+u/0Yp5xECjMkZc+2EuVlSCiKGcnLbipJgvAIDUhP0whxIr1sdl8OT7XSh2EsdEUKztTfGxniUo55oCc5UkO56E3F/7xeqsKGl9EoSRWJ8PyhMGVQxXAaFuxTQbBiY00QFlT/FeIh0lEoHWlZh2AvnrxM2vWabdXs+4tKs1HEUQLH4ARUgQ2uQBPcghZwAAbP4BW8gw/jxXgzPo2v+eiKUewcgT8wJj9KKqHk</latexit><latexit sha1_base64="qLvVrIKXejf/GuUem15EVtvVWg4=">AAACH3icbVDLSsNAFJ34rPUVdelmsAh1YUmKaDdCwY0boYJpC00Mk+mkHTqThJmJUEL+xI2/4saFIuKuf+O0zUJbD1zu4Zx7mbknSBiVyrImxsrq2vrGZmmrvL2zu7dvHhy2ZZwKTBwcs1h0AyQJoxFxFFWMdBNBEA8Y6QSjm6nfeSJC0jh6UOOEeBwNIhpSjJSWfPPS8TNXcEjCMK+KM3gN3VAgnN091vOszqHQHZ4XootYMkR5JnLfrFg1awa4TOyCVECBlm9+u/0Yp5xECjMkZc+2EuVlSCiKGcnLbipJgvAIDUhP0whxIr1sdl8OT7XSh2EsdEUKztTfGxniUo55oCc5UkO56E3F/7xeqsKGl9EoSRWJ8PyhMGVQxXAaFuxTQbBiY00QFlT/FeIh0lEoHWlZh2AvnrxM2vWabdXs+4tKs1HEUQLH4ARUgQ2uQBPcghZwAAbP4BW8gw/jxXgzPo2v+eiKUewcgT8wJj9KKqHk</latexit>



Das Kepler Problem

 3. Dreidimensionale Bewegung

2.   Umin < E < 0 .   Die Bewegung ist finit. 

Wie viel Zeit  braucht  das Teilchen um das Zentrum  einmal zu umrunden?

M = mr2
d�

dt
) dt =

mr2d�

M
) dt =

mp2 d�

M(1 + e cos�)
<latexit sha1_base64="JssDW4HWrs2SUMqKYgUQrHrloTY="></latexit><latexit sha1_base64="JssDW4HWrs2SUMqKYgUQrHrloTY="></latexit><latexit sha1_base64="JssDW4HWrs2SUMqKYgUQrHrloTY="></latexit><latexit sha1_base64="JssDW4HWrs2SUMqKYgUQrHrloTY="></latexit>

T =
p2m

M

2⇡Z

0

d�

(1 + e cos�)2
<latexit sha1_base64="Jo9t6LYBWeFHZkPcAn0srSDnfKk="></latexit><latexit sha1_base64="Jo9t6LYBWeFHZkPcAn0srSDnfKk="></latexit><latexit sha1_base64="Jo9t6LYBWeFHZkPcAn0srSDnfKk="></latexit><latexit sha1_base64="Jo9t6LYBWeFHZkPcAn0srSDnfKk="></latexit>

Wie kann man das Integral ausrechnen?  Wir formen zunächst das Integral um:

T =
p2m

M
(�1)

@

@a

���
a=1

2⇡Z

0

d�

(a+ e cos�)
<latexit sha1_base64="eKse17Q63blPy36ag2nNHn9gmGE="></latexit><latexit sha1_base64="eKse17Q63blPy36ag2nNHn9gmGE="></latexit><latexit sha1_base64="eKse17Q63blPy36ag2nNHn9gmGE="></latexit><latexit sha1_base64="eKse17Q63blPy36ag2nNHn9gmGE="></latexit>

Ue↵(r) =
M2

2mr2
� ↵

r
<latexit sha1_base64="qLvVrIKXejf/GuUem15EVtvVWg4=">AAACH3icbVDLSsNAFJ34rPUVdelmsAh1YUmKaDdCwY0boYJpC00Mk+mkHTqThJmJUEL+xI2/4saFIuKuf+O0zUJbD1zu4Zx7mbknSBiVyrImxsrq2vrGZmmrvL2zu7dvHhy2ZZwKTBwcs1h0AyQJoxFxFFWMdBNBEA8Y6QSjm6nfeSJC0jh6UOOEeBwNIhpSjJSWfPPS8TNXcEjCMK+KM3gN3VAgnN091vOszqHQHZ4XootYMkR5JnLfrFg1awa4TOyCVECBlm9+u/0Yp5xECjMkZc+2EuVlSCiKGcnLbipJgvAIDUhP0whxIr1sdl8OT7XSh2EsdEUKztTfGxniUo55oCc5UkO56E3F/7xeqsKGl9EoSRWJ8PyhMGVQxXAaFuxTQbBiY00QFlT/FeIh0lEoHWlZh2AvnrxM2vWabdXs+4tKs1HEUQLH4ARUgQ2uQBPcghZwAAbP4BW8gw/jxXgzPo2v+eiKUewcgT8wJj9KKqHk</latexit><latexit sha1_base64="qLvVrIKXejf/GuUem15EVtvVWg4=">AAACH3icbVDLSsNAFJ34rPUVdelmsAh1YUmKaDdCwY0boYJpC00Mk+mkHTqThJmJUEL+xI2/4saFIuKuf+O0zUJbD1zu4Zx7mbknSBiVyrImxsrq2vrGZmmrvL2zu7dvHhy2ZZwKTBwcs1h0AyQJoxFxFFWMdBNBEA8Y6QSjm6nfeSJC0jh6UOOEeBwNIhpSjJSWfPPS8TNXcEjCMK+KM3gN3VAgnN091vOszqHQHZ4XootYMkR5JnLfrFg1awa4TOyCVECBlm9+u/0Yp5xECjMkZc+2EuVlSCiKGcnLbipJgvAIDUhP0whxIr1sdl8OT7XSh2EsdEUKztTfGxniUo55oCc5UkO56E3F/7xeqsKGl9EoSRWJ8PyhMGVQxXAaFuxTQbBiY00QFlT/FeIh0lEoHWlZh2AvnrxM2vWabdXs+4tKs1HEUQLH4ARUgQ2uQBPcghZwAAbP4BW8gw/jxXgzPo2v+eiKUewcgT8wJj9KKqHk</latexit><latexit sha1_base64="qLvVrIKXejf/GuUem15EVtvVWg4=">AAACH3icbVDLSsNAFJ34rPUVdelmsAh1YUmKaDdCwY0boYJpC00Mk+mkHTqThJmJUEL+xI2/4saFIuKuf+O0zUJbD1zu4Zx7mbknSBiVyrImxsrq2vrGZmmrvL2zu7dvHhy2ZZwKTBwcs1h0AyQJoxFxFFWMdBNBEA8Y6QSjm6nfeSJC0jh6UOOEeBwNIhpSjJSWfPPS8TNXcEjCMK+KM3gN3VAgnN091vOszqHQHZ4XootYMkR5JnLfrFg1awa4TOyCVECBlm9+u/0Yp5xECjMkZc+2EuVlSCiKGcnLbipJgvAIDUhP0whxIr1sdl8OT7XSh2EsdEUKztTfGxniUo55oCc5UkO56E3F/7xeqsKGl9EoSRWJ8PyhMGVQxXAaFuxTQbBiY00QFlT/FeIh0lEoHWlZh2AvnrxM2vWabdXs+4tKs1HEUQLH4ARUgQ2uQBPcghZwAAbP4BW8gw/jxXgzPo2v+eiKUewcgT8wJj9KKqHk</latexit><latexit sha1_base64="qLvVrIKXejf/GuUem15EVtvVWg4=">AAACH3icbVDLSsNAFJ34rPUVdelmsAh1YUmKaDdCwY0boYJpC00Mk+mkHTqThJmJUEL+xI2/4saFIuKuf+O0zUJbD1zu4Zx7mbknSBiVyrImxsrq2vrGZmmrvL2zu7dvHhy2ZZwKTBwcs1h0AyQJoxFxFFWMdBNBEA8Y6QSjm6nfeSJC0jh6UOOEeBwNIhpSjJSWfPPS8TNXcEjCMK+KM3gN3VAgnN091vOszqHQHZ4XootYMkR5JnLfrFg1awa4TOyCVECBlm9+u/0Yp5xECjMkZc+2EuVlSCiKGcnLbipJgvAIDUhP0whxIr1sdl8OT7XSh2EsdEUKztTfGxniUo55oCc5UkO56E3F/7xeqsKGl9EoSRWJ8PyhMGVQxXAaFuxTQbBiY00QFlT/FeIh0lEoHWlZh2AvnrxM2vWabdXs+4tKs1HEUQLH4ARUgQ2uQBPcghZwAAbP4BW8gw/jxXgzPo2v+eiKUewcgT8wJj9KKqHk</latexit>



Die Umlaufzeit

 3. Dreidimensionale Bewegung

T =
p2m
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d�

(a+ e cos�)
<latexit sha1_base64="eKse17Q63blPy36ag2nNHn9gmGE="></latexit><latexit sha1_base64="eKse17Q63blPy36ag2nNHn9gmGE="></latexit><latexit sha1_base64="eKse17Q63blPy36ag2nNHn9gmGE="></latexit><latexit sha1_base64="eKse17Q63blPy36ag2nNHn9gmGE="></latexit>

I =

2⇡Z

0

d�

a+ e cos�
=
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d�

a� e cos�
<latexit sha1_base64="7a5/R6Z2rf7aulDPF63yz9hUV5E="></latexit><latexit sha1_base64="7a5/R6Z2rf7aulDPF63yz9hUV5E="></latexit><latexit sha1_base64="7a5/R6Z2rf7aulDPF63yz9hUV5E="></latexit><latexit sha1_base64="7a5/R6Z2rf7aulDPF63yz9hUV5E="></latexit>

⇠ = tan� ) d⇠ =
d�

cos2 �
cos2 � =

1

1 + ⇠2
<latexit sha1_base64="RRYajpeIj86dk0Tywy9CCHjdnpY="></latexit><latexit sha1_base64="RRYajpeIj86dk0Tywy9CCHjdnpY="></latexit><latexit sha1_base64="RRYajpeIj86dk0Tywy9CCHjdnpY="></latexit><latexit sha1_base64="RRYajpeIj86dk0Tywy9CCHjdnpY="></latexit>

⇠ =

p
a2 � e2

a
µ

<latexit sha1_base64="d/OjGDNcVzjnUwqd19ye7WuC3iA=">AAACDXicbVDLSsNAFJ34rPUVdelmsApuLEkR7EYouHFZwT6gSctkOmmHzkzizEQsIT/gxl9x40IRt+7d+TdO2yy09cCFwzn3cu89Qcyo0o7zbS0tr6yurRc2iptb2zu79t5+U0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61gdDXxW/dEKhqJWz2Oic/RQNCQYqSN1LOPvQcKL6EXSoRTT91JnaJuBZ5B0q1kWYoy6PGkZ5ecsjMFXCRuTkogR71nf3n9CCecCI0ZUqrjOrH2UyQ1xYxkRS9RJEZ4hAakY6hAnCg/nX6TwROj9GEYSVNCw6n6eyJFXKkxD0wnR3qo5r2J+J/XSXRY9VMq4kQTgWeLwoRBHcFJNLBPJcGajQ1BWFJzK8RDZILRJsCiCcGdf3mRNCtl1ym7N+elWjWPowAOwRE4BS64ADVwDeqgATB4BM/gFbxZT9aL9W59zFqXrHzmAPyB9fkDBMOa2w==</latexit><latexit sha1_base64="d/OjGDNcVzjnUwqd19ye7WuC3iA=">AAACDXicbVDLSsNAFJ34rPUVdelmsApuLEkR7EYouHFZwT6gSctkOmmHzkzizEQsIT/gxl9x40IRt+7d+TdO2yy09cCFwzn3cu89Qcyo0o7zbS0tr6yurRc2iptb2zu79t5+U0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61gdDXxW/dEKhqJWz2Oic/RQNCQYqSN1LOPvQcKL6EXSoRTT91JnaJuBZ5B0q1kWYoy6PGkZ5ecsjMFXCRuTkogR71nf3n9CCecCI0ZUqrjOrH2UyQ1xYxkRS9RJEZ4hAakY6hAnCg/nX6TwROj9GEYSVNCw6n6eyJFXKkxD0wnR3qo5r2J+J/XSXRY9VMq4kQTgWeLwoRBHcFJNLBPJcGajQ1BWFJzK8RDZILRJsCiCcGdf3mRNCtl1ym7N+elWjWPowAOwRE4BS64ADVwDeqgATB4BM/gFbxZT9aL9W59zFqXrHzmAPyB9fkDBMOa2w==</latexit><latexit sha1_base64="d/OjGDNcVzjnUwqd19ye7WuC3iA=">AAACDXicbVDLSsNAFJ34rPUVdelmsApuLEkR7EYouHFZwT6gSctkOmmHzkzizEQsIT/gxl9x40IRt+7d+TdO2yy09cCFwzn3cu89Qcyo0o7zbS0tr6yurRc2iptb2zu79t5+U0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61gdDXxW/dEKhqJWz2Oic/RQNCQYqSN1LOPvQcKL6EXSoRTT91JnaJuBZ5B0q1kWYoy6PGkZ5ecsjMFXCRuTkogR71nf3n9CCecCI0ZUqrjOrH2UyQ1xYxkRS9RJEZ4hAakY6hAnCg/nX6TwROj9GEYSVNCw6n6eyJFXKkxD0wnR3qo5r2J+J/XSXRY9VMq4kQTgWeLwoRBHcFJNLBPJcGajQ1BWFJzK8RDZILRJsCiCcGdf3mRNCtl1ym7N+elWjWPowAOwRE4BS64ADVwDeqgATB4BM/gFbxZT9aL9W59zFqXrHzmAPyB9fkDBMOa2w==</latexit><latexit sha1_base64="d/OjGDNcVzjnUwqd19ye7WuC3iA=">AAACDXicbVDLSsNAFJ34rPUVdelmsApuLEkR7EYouHFZwT6gSctkOmmHzkzizEQsIT/gxl9x40IRt+7d+TdO2yy09cCFwzn3cu89Qcyo0o7zbS0tr6yurRc2iptb2zu79t5+U0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61gdDXxW/dEKhqJWz2Oic/RQNCQYqSN1LOPvQcKL6EXSoRTT91JnaJuBZ5B0q1kWYoy6PGkZ5ecsjMFXCRuTkogR71nf3n9CCecCI0ZUqrjOrH2UyQ1xYxkRS9RJEZ4hAakY6hAnCg/nX6TwROj9GEYSVNCw6n6eyJFXKkxD0wnR3qo5r2J+J/XSXRY9VMq4kQTgWeLwoRBHcFJNLBPJcGajQ1BWFJzK8RDZILRJsCiCcGdf3mRNCtl1ym7N+elWjWPowAOwRE4BS64ADVwDeqgATB4BM/gFbxZT9aL9W59zFqXrHzmAPyB9fkDBMOa2w==</latexit>
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<latexit sha1_base64="AsIzx2sd1pzzXA75TshnlFjW6JI="></latexit><latexit sha1_base64="AsIzx2sd1pzzXA75TshnlFjW6JI="></latexit><latexit sha1_base64="AsIzx2sd1pzzXA75TshnlFjW6JI="></latexit><latexit sha1_base64="AsIzx2sd1pzzXA75TshnlFjW6JI="></latexit>
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<latexit sha1_base64="w6+K+P21VXWupKKmpotAVFbWnPg="></latexit><latexit sha1_base64="w6+K+P21VXWupKKmpotAVFbWnPg="></latexit><latexit sha1_base64="w6+K+P21VXWupKKmpotAVFbWnPg="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="ZqueoovQXCd/Q/TlqbHYNrJRy+A="></latexit><latexit sha1_base64="ZqueoovQXCd/Q/TlqbHYNrJRy+A="></latexit><latexit sha1_base64="FmnnsaDLD9W1D6/I+SUCY8j/G0E="></latexit><latexit sha1_base64="w6+K+P21VXWupKKmpotAVFbWnPg="></latexit><latexit sha1_base64="w6+K+P21VXWupKKmpotAVFbWnPg="></latexit><latexit sha1_base64="w6+K+P21VXWupKKmpotAVFbWnPg="></latexit><latexit sha1_base64="w6+K+P21VXWupKKmpotAVFbWnPg="></latexit><latexit sha1_base64="w6+K+P21VXWupKKmpotAVFbWnPg="></latexit><latexit sha1_base64="w6+K+P21VXWupKKmpotAVFbWnPg="></latexit>

0 < � < ⇡/2 , 0 < ⇠ < 1
<latexit sha1_base64="JezWcmM0GIpE7ciss6yq6XKvuXA=">AAACIHicbVDLSgMxFM34rPVVdekmWARXdaYILeii4MaFiwr2AZ2hZNJMJzSTGZI7ain9FDf+ihsXiuhOv8Z02oW2Hgg5nHMuyT1+IrgG2/6ylpZXVtfWcxv5 za3tnd3C3n5Tx6mirEFjEau2TzQTXLIGcBCsnShGIl+wlj+4nPitO6Y0j+UtDBPmRaQvecApASN1CxUbX2A3CXl28dMyds+xe80CULwfAlEqvp9IWewhS3EZwLBbKNolOwNeJM6MFNEM9W7h0+3FNI2YBCqI1h3HTsAbEQWcCjbOu6lmCaED0mcdQyWJmPZG2YJjfGyUHg5iZY4EnKm/J0Yk0noY+SYZEQj1vDcR//M6KQRVb8RlkgKTdPpQkAoMMZ60hXtcMQpiaAihi pu/YhoSRSiYTvOmBGd+5UXSLJccu+TcnBVr1VkdOXSIjtAJclAF1dAVqqMGougRPaNX9GY9WS/Wu/UxjS5Zs5kD9AfW9w80TJ/r</latexit><latexit sha1_base64="JezWcmM0GIpE7ciss6yq6XKvuXA=">AAACIHicbVDLSgMxFM34rPVVdekmWARXdaYILeii4MaFiwr2AZ2hZNJMJzSTGZI7ain9FDf+ihsXiuhOv8Z02oW2Hgg5nHMuyT1+IrgG2/6ylpZXVtfWcxv5 za3tnd3C3n5Tx6mirEFjEau2TzQTXLIGcBCsnShGIl+wlj+4nPitO6Y0j+UtDBPmRaQvecApASN1CxUbX2A3CXl28dMyds+xe80CULwfAlEqvp9IWewhS3EZwLBbKNolOwNeJM6MFNEM9W7h0+3FNI2YBCqI1h3HTsAbEQWcCjbOu6lmCaED0mcdQyWJmPZG2YJjfGyUHg5iZY4EnKm/J0Yk0noY+SYZEQj1vDcR//M6KQRVb8RlkgKTdPpQkAoMMZ60hXtcMQpiaAihi pu/YhoSRSiYTvOmBGd+5UXSLJccu+TcnBVr1VkdOXSIjtAJclAF1dAVqqMGougRPaNX9GY9WS/Wu/UxjS5Zs5kD9AfW9w80TJ/r</latexit><latexit sha1_base64="JezWcmM0GIpE7ciss6yq6XKvuXA=">AAACIHicbVDLSgMxFM34rPVVdekmWARXdaYILeii4MaFiwr2AZ2hZNJMJzSTGZI7ain9FDf+ihsXiuhOv8Z02oW2Hgg5nHMuyT1+IrgG2/6ylpZXVtfWcxv5 za3tnd3C3n5Tx6mirEFjEau2TzQTXLIGcBCsnShGIl+wlj+4nPitO6Y0j+UtDBPmRaQvecApASN1CxUbX2A3CXl28dMyds+xe80CULwfAlEqvp9IWewhS3EZwLBbKNolOwNeJM6MFNEM9W7h0+3FNI2YBCqI1h3HTsAbEQWcCjbOu6lmCaED0mcdQyWJmPZG2YJjfGyUHg5iZY4EnKm/J0Yk0noY+SYZEQj1vDcR//M6KQRVb8RlkgKTdPpQkAoMMZ60hXtcMQpiaAihi pu/YhoSRSiYTvOmBGd+5UXSLJccu+TcnBVr1VkdOXSIjtAJclAF1dAVqqMGougRPaNX9GY9WS/Wu/UxjS5Zs5kD9AfW9w80TJ/r</latexit><latexit sha1_base64="JezWcmM0GIpE7ciss6yq6XKvuXA=">AAACIHicbVDLSgMxFM34rPVVdekmWARXdaYILeii4MaFiwr2AZ2hZNJMJzSTGZI7ain9FDf+ihsXiuhOv8Z02oW2Hgg5nHMuyT1+IrgG2/6ylpZXVtfWcxv5 za3tnd3C3n5Tx6mirEFjEau2TzQTXLIGcBCsnShGIl+wlj+4nPitO6Y0j+UtDBPmRaQvecApASN1CxUbX2A3CXl28dMyds+xe80CULwfAlEqvp9IWewhS3EZwLBbKNolOwNeJM6MFNEM9W7h0+3FNI2YBCqI1h3HTsAbEQWcCjbOu6lmCaED0mcdQyWJmPZG2YJjfGyUHg5iZY4EnKm/J0Yk0noY+SYZEQj1vDcR//M6KQRVb8RlkgKTdPpQkAoMMZ60hXtcMQpiaAihi pu/YhoSRSiYTvOmBGd+5UXSLJccu+TcnBVr1VkdOXSIjtAJclAF1dAVqqMGougRPaNX9GY9WS/Wu/UxjS5Zs5kD9AfW9w80TJ/r</latexit>
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<latexit sha1_base64="Ud6QHM+5TpiC3/ofGKOtxfQkRtI="></latexit><latexit sha1_base64="Ud6QHM+5TpiC3/ofGKOtxfQkRtI="></latexit><latexit sha1_base64="Ud6QHM+5TpiC3/ofGKOtxfQkRtI="></latexit><latexit sha1_base64="Ud6QHM+5TpiC3/ofGKOtxfQkRtI="></latexit>
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<latexit sha1_base64="KdNETlSfbmPlKNL+BrDG6f5SQ08="></latexit><latexit sha1_base64="KdNETlSfbmPlKNL+BrDG6f5SQ08="></latexit><latexit sha1_base64="KdNETlSfbmPlKNL+BrDG6f5SQ08="></latexit><latexit sha1_base64="KdNETlSfbmPlKNL+BrDG6f5SQ08="></latexit> I =
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<latexit sha1_base64="goJ5AI1d/rS+8cM1QG7geDq6484="></latexit><latexit sha1_base64="goJ5AI1d/rS+8cM1QG7geDq6484="></latexit><latexit sha1_base64="goJ5AI1d/rS+8cM1QG7geDq6484="></latexit><latexit sha1_base64="goJ5AI1d/rS+8cM1QG7geDq6484="></latexit>



Das Kepler Problem

 3. Dreidimensionale Bewegung

3.   E > 0 .   Die Bewegung findet in einem unbegrenzten Raum statt (die Bewegung ist 
infinit); das Teilchen kommt aus dem  Unendliche und verschwindet ins  Unendliche 
wieder

Die Trajektorie ist eine Hyperbel
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<latexit sha1_base64="m3WZ6l28odPzOJk6vpxRjmsoUDo="></latexit><latexit sha1_base64="m3WZ6l28odPzOJk6vpxRjmsoUDo="></latexit><latexit sha1_base64="m3WZ6l28odPzOJk6vpxRjmsoUDo="></latexit><latexit sha1_base64="m3WZ6l28odPzOJk6vpxRjmsoUDo="></latexit>

� = {�0 = arccos(�e�1), 2⇡ � �0} ) r ! 1
<latexit sha1_base64="99yLPuObmWQ1021+HiNiBZNEje4="></latexit><latexit sha1_base64="99yLPuObmWQ1021+HiNiBZNEje4="></latexit><latexit sha1_base64="99yLPuObmWQ1021+HiNiBZNEje4="></latexit><latexit sha1_base64="99yLPuObmWQ1021+HiNiBZNEje4="></latexit>

�0
<latexit sha1_base64="gehRkOwm5uuk41qEkcSfb 7tD58c=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKYI4BLx4jmAckS5id9CZjZmeWmVkhhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlApurO9/e4WNza3tneJuaW//4PCofHzSMirTDJtMCaU7ETUou MSm5VZgJ9VIk0hgOxrfzv32E2rDlXywkxTDhA4ljzmj1kmtXjrifb9frvhVfwGyToKcVCBHo1/+6g0UyxKUlglqTDfwUxtOqbacCZyVepnBlLIxHWLXUUkTN OF0ce2MXDhlQGKlXUlLFurviSlNjJkkketMqB2ZVW8u/ud1MxvXwimXaWZRsuWiOBPEKjJ/nQy4RmbFxBHKNHe3EjaimjLrAiq5EILVl9dJ66oa+NXg/rpSr+VxFOEMzuESAriBOtxBA5rA4BGe4RXePOW 9eO/ex7K14OUzp/AH3ucPNsCO2A==</latexit><latexit sha1_base64="gehRkOwm5uuk41qEkcSfb 7tD58c=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKYI4BLx4jmAckS5id9CZjZmeWmVkhhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlApurO9/e4WNza3tneJuaW//4PCofHzSMirTDJtMCaU7ETUou MSm5VZgJ9VIk0hgOxrfzv32E2rDlXywkxTDhA4ljzmj1kmtXjrifb9frvhVfwGyToKcVCBHo1/+6g0UyxKUlglqTDfwUxtOqbacCZyVepnBlLIxHWLXUUkTN OF0ce2MXDhlQGKlXUlLFurviSlNjJkkketMqB2ZVW8u/ud1MxvXwimXaWZRsuWiOBPEKjJ/nQy4RmbFxBHKNHe3EjaimjLrAiq5EILVl9dJ66oa+NXg/rpSr+VxFOEMzuESAriBOtxBA5rA4BGe4RXePOW 9eO/ex7K14OUzp/AH3ucPNsCO2A==</latexit><latexit sha1_base64="gehRkOwm5uuk41qEkcSfb 7tD58c=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKYI4BLx4jmAckS5id9CZjZmeWmVkhhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlApurO9/e4WNza3tneJuaW//4PCofHzSMirTDJtMCaU7ETUou MSm5VZgJ9VIk0hgOxrfzv32E2rDlXywkxTDhA4ljzmj1kmtXjrifb9frvhVfwGyToKcVCBHo1/+6g0UyxKUlglqTDfwUxtOqbacCZyVepnBlLIxHWLXUUkTN OF0ce2MXDhlQGKlXUlLFurviSlNjJkkketMqB2ZVW8u/ud1MxvXwimXaWZRsuWiOBPEKjJ/nQy4RmbFxBHKNHe3EjaimjLrAiq5EILVl9dJ66oa+NXg/rpSr+VxFOEMzuESAriBOtxBA5rA4BGe4RXePOW 9eO/ex7K14OUzp/AH3ucPNsCO2A==</latexit><latexit sha1_base64="gehRkOwm5uuk41qEkcSfb 7tD58c=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKYI4BLx4jmAckS5id9CZjZmeWmVkhhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlApurO9/e4WNza3tneJuaW//4PCofHzSMirTDJtMCaU7ETUou MSm5VZgJ9VIk0hgOxrfzv32E2rDlXywkxTDhA4ljzmj1kmtXjrifb9frvhVfwGyToKcVCBHo1/+6g0UyxKUlglqTDfwUxtOqbacCZyVepnBlLIxHWLXUUkTN OF0ce2MXDhlQGKlXUlLFurviSlNjJkkketMqB2ZVW8u/ud1MxvXwimXaWZRsuWiOBPEKjJ/nQy4RmbFxBHKNHe3EjaimjLrAiq5EILVl9dJ66oa+NXg/rpSr+VxFOEMzuESAriBOtxBA5rA4BGe4RXePOW 9eO/ex7K14OUzp/AH3ucPNsCO2A==</latexit>

rmin =
p

1 + e
<latexit sha1_base64="L1el7cYccF2qwoDeAB8F1c4HZUo=">AAACAXicbVBNS8NAEJ3Ur1q/ol4EL4tFEISSiGAvQsGLxwr2A5pQNttNu3SzCbsboYR48a948aCIV/+FN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZVWVtfWN8qbla3tnd09e/+greJUEtoiMY9lN8CKciZoSzPNaTeRFEcBp51gfDP1Ow9UKhaLez1JqB/hoWAhI1gbqW8fyX7mRUzk6Bp5ocQkS/LMPad53646NWcGtEzcglShQLNvf3mDmKQRFZpwrFTPdRLtZ1hqRjjNK16qaILJGA9pz1CBI6r8bPZBjk6NMkBhLE0JjWbq74kMR0pNosB0RliP1KI3Ff/zeqkO637GRJJqKsh8UZhypGM0jQMNmKRE84khmEhmbkVkhE0O2oRWMSG4iy8vk/ZFzXVq7t1ltVEv4ijDMZzAGbhwBQ24hSa0gMAjPMMrvFlP1ov1bn3MW0tWMXMIf2B9/gAEjpaQ</latexit><latexit sha1_base64="L1el7cYccF2qwoDeAB8F1c4HZUo=">AAACAXicbVBNS8NAEJ3Ur1q/ol4EL4tFEISSiGAvQsGLxwr2A5pQNttNu3SzCbsboYR48a948aCIV/+FN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZVWVtfWN8qbla3tnd09e/+greJUEtoiMY9lN8CKciZoSzPNaTeRFEcBp51gfDP1Ow9UKhaLez1JqB/hoWAhI1gbqW8fyX7mRUzk6Bp5ocQkS/LMPad53646NWcGtEzcglShQLNvf3mDmKQRFZpwrFTPdRLtZ1hqRjjNK16qaILJGA9pz1CBI6r8bPZBjk6NMkBhLE0JjWbq74kMR0pNosB0RliP1KI3Ff/zeqkO637GRJJqKsh8UZhypGM0jQMNmKRE84khmEhmbkVkhE0O2oRWMSG4iy8vk/ZFzXVq7t1ltVEv4ijDMZzAGbhwBQ24hSa0gMAjPMMrvFlP1ov1bn3MW0tWMXMIf2B9/gAEjpaQ</latexit><latexit sha1_base64="L1el7cYccF2qwoDeAB8F1c4HZUo=">AAACAXicbVBNS8NAEJ3Ur1q/ol4EL4tFEISSiGAvQsGLxwr2A5pQNttNu3SzCbsboYR48a948aCIV/+FN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZVWVtfWN8qbla3tnd09e/+greJUEtoiMY9lN8CKciZoSzPNaTeRFEcBp51gfDP1Ow9UKhaLez1JqB/hoWAhI1gbqW8fyX7mRUzk6Bp5ocQkS/LMPad53646NWcGtEzcglShQLNvf3mDmKQRFZpwrFTPdRLtZ1hqRjjNK16qaILJGA9pz1CBI6r8bPZBjk6NMkBhLE0JjWbq74kMR0pNosB0RliP1KI3Ff/zeqkO637GRJJqKsh8UZhypGM0jQMNmKRE84khmEhmbkVkhE0O2oRWMSG4iy8vk/ZFzXVq7t1ltVEv4ijDMZzAGbhwBQ24hSa0gMAjPMMrvFlP1ov1bn3MW0tWMXMIf2B9/gAEjpaQ</latexit><latexit sha1_base64="L1el7cYccF2qwoDeAB8F1c4HZUo=">AAACAXicbVBNS8NAEJ3Ur1q/ol4EL4tFEISSiGAvQsGLxwr2A5pQNttNu3SzCbsboYR48a948aCIV/+FN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZVWVtfWN8qbla3tnd09e/+greJUEtoiMY9lN8CKciZoSzPNaTeRFEcBp51gfDP1Ow9UKhaLez1JqB/hoWAhI1gbqW8fyX7mRUzk6Bp5ocQkS/LMPad53646NWcGtEzcglShQLNvf3mDmKQRFZpwrFTPdRLtZ1hqRjjNK16qaILJGA9pz1CBI6r8bPZBjk6NMkBhLE0JjWbq74kMR0pNosB0RliP1KI3Ff/zeqkO637GRJJqKsh8UZhypGM0jQMNmKRE84khmEhmbkVkhE0O2oRWMSG4iy8vk/ZFzXVq7t1ltVEv4ijDMZzAGbhwBQ24hSa0gMAjPMMrvFlP1ov1bn3MW0tWMXMIf2B9/gAEjpaQ</latexit>

Ue↵(r) =
M2

2mr2
� ↵

r
<latexit sha1_base64="qLvVrIKXejf/GuUem15EVtvVWg4=">AAACH3icbVDLSsNAFJ34rPUVdelmsAh1YUmKaDdCwY0boYJpC00Mk+mkHTqThJmJUEL+xI2/4saFIuKuf+O0zUJbD1zu4Zx7mbknSBiVyrImxsrq2vrGZmmrvL2zu7dvHhy2ZZwKTBwcs1h0AyQJoxFxFFWMdBNBEA8Y6QSjm6nfeSJC0jh6UOOEeBwNIhpSjJSWfPPS8TNXcEjCMK+KM3gN3VAgnN091vOszqHQHZ4XootYMkR5JnLfrFg1awa4TOyCVECBlm9+u/0Yp5xECjMkZc+2EuVlSCiKGcnLbipJgvAIDUhP0whxIr1sdl8OT7XSh2EsdEUKztTfGxniUo55oCc5UkO56E3F/7xeqsKGl9EoSRWJ8PyhMGVQxXAaFuxTQbBiY00QFlT/FeIh0lEoHWlZh2AvnrxM2vWabdXs+4tKs1HEUQLH4ARUgQ2uQBPcghZwAAbP4BW8gw/jxXgzPo2v+eiKUewcgT8wJj9KKqHk</latexit><latexit sha1_base64="qLvVrIKXejf/GuUem15EVtvVWg4=">AAACH3icbVDLSsNAFJ34rPUVdelmsAh1YUmKaDdCwY0boYJpC00Mk+mkHTqThJmJUEL+xI2/4saFIuKuf+O0zUJbD1zu4Zx7mbknSBiVyrImxsrq2vrGZmmrvL2zu7dvHhy2ZZwKTBwcs1h0AyQJoxFxFFWMdBNBEA8Y6QSjm6nfeSJC0jh6UOOEeBwNIhpSjJSWfPPS8TNXcEjCMK+KM3gN3VAgnN091vOszqHQHZ4XootYMkR5JnLfrFg1awa4TOyCVECBlm9+u/0Yp5xECjMkZc+2EuVlSCiKGcnLbipJgvAIDUhP0whxIr1sdl8OT7XSh2EsdEUKztTfGxniUo55oCc5UkO56E3F/7xeqsKGl9EoSRWJ8PyhMGVQxXAaFuxTQbBiY00QFlT/FeIh0lEoHWlZh2AvnrxM2vWabdXs+4tKs1HEUQLH4ARUgQ2uQBPcghZwAAbP4BW8gw/jxXgzPo2v+eiKUewcgT8wJj9KKqHk</latexit><latexit sha1_base64="qLvVrIKXejf/GuUem15EVtvVWg4=">AAACH3icbVDLSsNAFJ34rPUVdelmsAh1YUmKaDdCwY0boYJpC00Mk+mkHTqThJmJUEL+xI2/4saFIuKuf+O0zUJbD1zu4Zx7mbknSBiVyrImxsrq2vrGZmmrvL2zu7dvHhy2ZZwKTBwcs1h0AyQJoxFxFFWMdBNBEA8Y6QSjm6nfeSJC0jh6UOOEeBwNIhpSjJSWfPPS8TNXcEjCMK+KM3gN3VAgnN091vOszqHQHZ4XootYMkR5JnLfrFg1awa4TOyCVECBlm9+u/0Yp5xECjMkZc+2EuVlSCiKGcnLbipJgvAIDUhP0whxIr1sdl8OT7XSh2EsdEUKztTfGxniUo55oCc5UkO56E3F/7xeqsKGl9EoSRWJ8PyhMGVQxXAaFuxTQbBiY00QFlT/FeIh0lEoHWlZh2AvnrxM2vWabdXs+4tKs1HEUQLH4ARUgQ2uQBPcghZwAAbP4BW8gw/jxXgzPo2v+eiKUewcgT8wJj9KKqHk</latexit><latexit sha1_base64="qLvVrIKXejf/GuUem15EVtvVWg4=">AAACH3icbVDLSsNAFJ34rPUVdelmsAh1YUmKaDdCwY0boYJpC00Mk+mkHTqThJmJUEL+xI2/4saFIuKuf+O0zUJbD1zu4Zx7mbknSBiVyrImxsrq2vrGZmmrvL2zu7dvHhy2ZZwKTBwcs1h0AyQJoxFxFFWMdBNBEA8Y6QSjm6nfeSJC0jh6UOOEeBwNIhpSjJSWfPPS8TNXcEjCMK+KM3gN3VAgnN091vOszqHQHZ4XootYMkR5JnLfrFg1awa4TOyCVECBlm9+u/0Yp5xECjMkZc+2EuVlSCiKGcnLbipJgvAIDUhP0whxIr1sdl8OT7XSh2EsdEUKztTfGxniUo55oCc5UkO56E3F/7xeqsKGl9EoSRWJ8PyhMGVQxXAaFuxTQbBiY00QFlT/FeIh0lEoHWlZh2AvnrxM2vWabdXs+4tKs1HEUQLH4ARUgQ2uQBPcghZwAAbP4BW8gw/jxXgzPo2v+eiKUewcgT8wJj9KKqHk</latexit>



Das Kepler Problem

 3. Dreidimensionale Bewegung

3.  Im Fall der anziehenden Kraft sind alle Bahnen infinit.  Die Trajektorien sind 

Hyperbeln;  die Ausdrucke für p und e stimmen mit den vorherigen Ausdrucke überein. 

e > 1
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yr =
p

�1 + e cos�
<latexit sha1_base64="oi4UOa3yLcmDufbvyIrMLiLGpJo=">AAACBXicbVDLSgMxFM34rPU16lIXwSIIYpkRwW6EghuXFewDOkPJpJk2NJOEJCOUYTZu/BU3LhRx6z+4829M21lo64ELh3Pu5d57IsmoNp737Swtr6yurZc2yptb2zu77t5+S4tUYdLEggnViZAmjHLSNNQw0pGKoCRipB2NbiZ++4EoTQW/N2NJwgQNOI0pRsZKPfdIwWsYxArhTObZuX9GYICFhoEc0rznVryqNwVcJH5BKqBAo+d+BX2B04RwgxnSuut70oQZUoZiRvJykGoiER6hAelaylFCdJhNv8jhiVX6MBbKFjdwqv6eyFCi9TiJbGeCzFDPexPxP6+bmrgWZpTL1BCOZ4vilEEj4CQS2KeKYMPGliCsqL0V4iGykRgbXNmG4M+/vEhaF1Xfq/p3l5V6rYijBA7BMTgFPrgCdXALGqAJMHgEz+AVvDlPzovz7nzMWpecYuYA/IHz+QO/rZds</latexit><latexit sha1_base64="oi4UOa3yLcmDufbvyIrMLiLGpJo=">AAACBXicbVDLSgMxFM34rPU16lIXwSIIYpkRwW6EghuXFewDOkPJpJk2NJOEJCOUYTZu/BU3LhRx6z+4829M21lo64ELh3Pu5d57IsmoNp737Swtr6yurZc2yptb2zu77t5+S4tUYdLEggnViZAmjHLSNNQw0pGKoCRipB2NbiZ++4EoTQW/N2NJwgQNOI0pRsZKPfdIwWsYxArhTObZuX9GYICFhoEc0rznVryqNwVcJH5BKqBAo+d+BX2B04RwgxnSuut70oQZUoZiRvJykGoiER6hAelaylFCdJhNv8jhiVX6MBbKFjdwqv6eyFCi9TiJbGeCzFDPexPxP6+bmrgWZpTL1BCOZ4vilEEj4CQS2KeKYMPGliCsqL0V4iGykRgbXNmG4M+/vEhaF1Xfq/p3l5V6rYijBA7BMTgFPrgCdXALGqAJMHgEz+AVvDlPzovz7nzMWpecYuYA/IHz+QO/rZds</latexit><latexit sha1_base64="oi4UOa3yLcmDufbvyIrMLiLGpJo=">AAACBXicbVDLSgMxFM34rPU16lIXwSIIYpkRwW6EghuXFewDOkPJpJk2NJOEJCOUYTZu/BU3LhRx6z+4829M21lo64ELh3Pu5d57IsmoNp737Swtr6yurZc2yptb2zu77t5+S4tUYdLEggnViZAmjHLSNNQw0pGKoCRipB2NbiZ++4EoTQW/N2NJwgQNOI0pRsZKPfdIwWsYxArhTObZuX9GYICFhoEc0rznVryqNwVcJH5BKqBAo+d+BX2B04RwgxnSuut70oQZUoZiRvJykGoiER6hAelaylFCdJhNv8jhiVX6MBbKFjdwqv6eyFCi9TiJbGeCzFDPexPxP6+bmrgWZpTL1BCOZ4vilEEj4CQS2KeKYMPGliCsqL0V4iGykRgbXNmG4M+/vEhaF1Xfq/p3l5V6rYijBA7BMTgFPrgCdXALGqAJMHgEz+AVvDlPzovz7nzMWpecYuYA/IHz+QO/rZds</latexit><latexit sha1_base64="oi4UOa3yLcmDufbvyIrMLiLGpJo=">AAACBXicbVDLSgMxFM34rPU16lIXwSIIYpkRwW6EghuXFewDOkPJpJk2NJOEJCOUYTZu/BU3LhRx6z+4829M21lo64ELh3Pu5d57IsmoNp737Swtr6yurZc2yptb2zu77t5+S4tUYdLEggnViZAmjHLSNNQw0pGKoCRipB2NbiZ++4EoTQW/N2NJwgQNOI0pRsZKPfdIwWsYxArhTObZuX9GYICFhoEc0rznVryqNwVcJH5BKqBAo+d+BX2B04RwgxnSuut70oQZUoZiRvJykGoiER6hAelaylFCdJhNv8jhiVX6MBbKFjdwqv6eyFCi9TiJbGeCzFDPexPxP6+bmrgWZpTL1BCOZ4vilEEj4CQS2KeKYMPGliCsqL0V4iGykRgbXNmG4M+/vEhaF1Xfq/p3l5V6rYijBA7BMTgFPrgCdXALGqAJMHgEz+AVvDlPzovz7nzMWpecYuYA/IHz+QO/rZds</latexit>

4. Der Runge-Lenz-Vektor                                         ist erhalten .~A = [~p⇥ ~M ]�m
↵~r

r
<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>

d ~A

dt
= 0

<latexit sha1_base64="d6yw9qGatr/9j+z7wR1Ph1sZAvM=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6XgqiQi2I1QceOygn1AE8pkMmmHzkzCzKRQQr7Ajb/ixoUibl2782+cthG09cCFwzn3cu89QcKo0o7zZZXW1jc2t8rblZ3dvf0D+/Coo+JUYtLGMYtlL0CKMCpIW1PNSC+RBPGAkW4wvpn53QmRisbiXk8T4nM0FDSiGGkjDeyaF0mEs8yTHIY59CYEw+s8gz+Chjm8cgZ21ak7c8BV4hakCgq0BvanF8Y45URozJBSfddJtJ8hqSlmJK94qSIJwmM0JH1DBeJE+dn8nRzWjBLCKJamhIZz9fdEhrhSUx6YTo70SC17M/E/r5/qqOFnVCSpJgIvFkUpgzqGs2xgSCXBmk0NQVhScyvEI2Ty0SbBignBXX55lXTO665Td+8uqs1GEUcZnIBTcAZccAma4Ba0QBtg8ACewAt4tR6tZ+vNel+0lqxi5hj8gfXxDUO4muU=</latexit><latexit sha1_base64="d6yw9qGatr/9j+z7wR1Ph1sZAvM=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6XgqiQi2I1QceOygn1AE8pkMmmHzkzCzKRQQr7Ajb/ixoUibl2782+cthG09cCFwzn3cu89QcKo0o7zZZXW1jc2t8rblZ3dvf0D+/Coo+JUYtLGMYtlL0CKMCpIW1PNSC+RBPGAkW4wvpn53QmRisbiXk8T4nM0FDSiGGkjDeyaF0mEs8yTHIY59CYEw+s8gz+Chjm8cgZ21ak7c8BV4hakCgq0BvanF8Y45URozJBSfddJtJ8hqSlmJK94qSIJwmM0JH1DBeJE+dn8nRzWjBLCKJamhIZz9fdEhrhSUx6YTo70SC17M/E/r5/qqOFnVCSpJgIvFkUpgzqGs2xgSCXBmk0NQVhScyvEI2Ty0SbBignBXX55lXTO665Td+8uqs1GEUcZnIBTcAZccAma4Ba0QBtg8ACewAt4tR6tZ+vNel+0lqxi5hj8gfXxDUO4muU=</latexit><latexit sha1_base64="d6yw9qGatr/9j+z7wR1Ph1sZAvM=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6XgqiQi2I1QceOygn1AE8pkMmmHzkzCzKRQQr7Ajb/ixoUibl2782+cthG09cCFwzn3cu89QcKo0o7zZZXW1jc2t8rblZ3dvf0D+/Coo+JUYtLGMYtlL0CKMCpIW1PNSC+RBPGAkW4wvpn53QmRisbiXk8T4nM0FDSiGGkjDeyaF0mEs8yTHIY59CYEw+s8gz+Chjm8cgZ21ak7c8BV4hakCgq0BvanF8Y45URozJBSfddJtJ8hqSlmJK94qSIJwmM0JH1DBeJE+dn8nRzWjBLCKJamhIZz9fdEhrhSUx6YTo70SC17M/E/r5/qqOFnVCSpJgIvFkUpgzqGs2xgSCXBmk0NQVhScyvEI2Ty0SbBignBXX55lXTO665Td+8uqs1GEUcZnIBTcAZccAma4Ba0QBtg8ACewAt4tR6tZ+vNel+0lqxi5hj8gfXxDUO4muU=</latexit><latexit sha1_base64="d6yw9qGatr/9j+z7wR1Ph1sZAvM=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6XgqiQi2I1QceOygn1AE8pkMmmHzkzCzKRQQr7Ajb/ixoUibl2782+cthG09cCFwzn3cu89QcKo0o7zZZXW1jc2t8rblZ3dvf0D+/Coo+JUYtLGMYtlL0CKMCpIW1PNSC+RBPGAkW4wvpn53QmRisbiXk8T4nM0FDSiGGkjDeyaF0mEs8yTHIY59CYEw+s8gz+Chjm8cgZ21ak7c8BV4hakCgq0BvanF8Y45URozJBSfddJtJ8hqSlmJK94qSIJwmM0JH1DBeJE+dn8nRzWjBLCKJamhIZz9fdEhrhSUx6YTo70SC17M/E/r5/qqOFnVCSpJgIvFkUpgzqGs2xgSCXBmk0NQVhScyvEI2Ty0SbBignBXX55lXTO665Td+8uqs1GEUcZnIBTcAZccAma4Ba0QBtg8ACewAt4tR6tZ+vNel+0lqxi5hj8gfXxDUO4muU=</latexit>

Wie können den Runge-Lenz-Vektor verwenden  
um die Trajektorien zu bestimmen.

~r · ~A = ~r · [~p⇥ ~M ]�m↵r
<latexit sha1_base64="8oiCkrqGgNvxCOhzU6m4swKlTlY=">AAACMHicbVDJSgNBEO2JW4zbqEcvhUHwYpgRwVyEiAe9CBHMApkh9HQ6SZOehe6aQAj5JC9+il4UFPHqV9hZDibxQcN7r6qorhckUmh0nHcrs7K6tr6R3cxtbe/s7tn7B1Udp4rxCotlrOoB1VyKiFdQoOT1RHEaBpLXgt7NuF7rc6VFHD3iIOF+SDuRaAtG0VhN+9brcwYKPNaKESbiGq5gzm1MZQIeipDrqbr34QxC8KhMuhRU0847BWcCWCbujOTJDOWm/eK1YpaGPEImqdYN10nQH1KFgkk+ynmp5gllPdrhDUMjajb7w8nBIzgxTgvasTIvQpi4fyeGNNR6EAamM6TY1Yu1sflfrZFiu+gPRZSkyCM2XdROJWAM4/SgJRRnKAeGUKaE+SuwLlWUock4Z0JwF09eJtXzgusU3IeLfKk4iyNLjsgxOSUuuSQlckfKpEIYeSKv5IN8Ws/Wm/VlfU9bM9Zs5pDMwfr5BfoFpng=</latexit><latexit sha1_base64="8oiCkrqGgNvxCOhzU6m4swKlTlY=">AAACMHicbVDJSgNBEO2JW4zbqEcvhUHwYpgRwVyEiAe9CBHMApkh9HQ6SZOehe6aQAj5JC9+il4UFPHqV9hZDibxQcN7r6qorhckUmh0nHcrs7K6tr6R3cxtbe/s7tn7B1Udp4rxCotlrOoB1VyKiFdQoOT1RHEaBpLXgt7NuF7rc6VFHD3iIOF+SDuRaAtG0VhN+9brcwYKPNaKESbiGq5gzm1MZQIeipDrqbr34QxC8KhMuhRU0847BWcCWCbujOTJDOWm/eK1YpaGPEImqdYN10nQH1KFgkk+ynmp5gllPdrhDUMjajb7w8nBIzgxTgvasTIvQpi4fyeGNNR6EAamM6TY1Yu1sflfrZFiu+gPRZSkyCM2XdROJWAM4/SgJRRnKAeGUKaE+SuwLlWUock4Z0JwF09eJtXzgusU3IeLfKk4iyNLjsgxOSUuuSQlckfKpEIYeSKv5IN8Ws/Wm/VlfU9bM9Zs5pDMwfr5BfoFpng=</latexit><latexit sha1_base64="8oiCkrqGgNvxCOhzU6m4swKlTlY=">AAACMHicbVDJSgNBEO2JW4zbqEcvhUHwYpgRwVyEiAe9CBHMApkh9HQ6SZOehe6aQAj5JC9+il4UFPHqV9hZDibxQcN7r6qorhckUmh0nHcrs7K6tr6R3cxtbe/s7tn7B1Udp4rxCotlrOoB1VyKiFdQoOT1RHEaBpLXgt7NuF7rc6VFHD3iIOF+SDuRaAtG0VhN+9brcwYKPNaKESbiGq5gzm1MZQIeipDrqbr34QxC8KhMuhRU0847BWcCWCbujOTJDOWm/eK1YpaGPEImqdYN10nQH1KFgkk+ynmp5gllPdrhDUMjajb7w8nBIzgxTgvasTIvQpi4fyeGNNR6EAamM6TY1Yu1sflfrZFiu+gPRZSkyCM2XdROJWAM4/SgJRRnKAeGUKaE+SuwLlWUock4Z0JwF09eJtXzgusU3IeLfKk4iyNLjsgxOSUuuSQlckfKpEIYeSKv5IN8Ws/Wm/VlfU9bM9Zs5pDMwfr5BfoFpng=</latexit><latexit sha1_base64="8oiCkrqGgNvxCOhzU6m4swKlTlY=">AAACMHicbVDJSgNBEO2JW4zbqEcvhUHwYpgRwVyEiAe9CBHMApkh9HQ6SZOehe6aQAj5JC9+il4UFPHqV9hZDibxQcN7r6qorhckUmh0nHcrs7K6tr6R3cxtbe/s7tn7B1Udp4rxCotlrOoB1VyKiFdQoOT1RHEaBpLXgt7NuF7rc6VFHD3iIOF+SDuRaAtG0VhN+9brcwYKPNaKESbiGq5gzm1MZQIeipDrqbr34QxC8KhMuhRU0847BWcCWCbujOTJDOWm/eK1YpaGPEImqdYN10nQH1KFgkk+ynmp5gllPdrhDUMjajb7w8nBIzgxTgvasTIvQpi4fyeGNNR6EAamM6TY1Yu1sflfrZFiu+gPRZSkyCM2XdROJWAM4/SgJRRnKAeGUKaE+SuwLlWUock4Z0JwF09eJtXzgusU3IeLfKk4iyNLjsgxOSUuuSQlckfKpEIYeSKv5IN8Ws/Wm/VlfU9bM9Zs5pDMwfr5BfoFpng=</latexit>

~r · ~A = Ar cos�
<latexit sha1_base64="Ewxv4sAE2KilPTSwBCRk1gTXa7E=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIR7EaouHFZwT6gCWUymbZDJ5kwc1MooR/gxl9x40IRt36AO//GSZqFth64cOace7lzjx8LrsG2v63S2vrG5lZ5u7Kzu7d/UD086miZKMraVAqpej7RTPCItYGDYL1YMRL6gnX9yW3md6dMaS6jB5jFzAvJKOJDTgkYaVCtuVNGscIuDSTg/HGDr01lktTYjcfcdNl1OwdeJU5BaqhAa1D9cgNJk5BFQAXRuu/YMXgpUcCpYPOKm2gWEzohI9Y3NCIh016aHzPHZ0YJ8FAqUxHgXP09kZJQ61nom86QwFgve5n4n9dPYNjwUh7FCbCILhYNE4FB4iwZHHDFKIiZIYQqbv6K6ZgoQsHkVzEhOMsnr5LORd2x6879Za3ZKOIooxN0is6Rg65QE92hFmojih7RM3pFb9aT9WK9Wx+L1pJVzByjP7A+fwBZv5k6</latexit><latexit sha1_base64="Ewxv4sAE2KilPTSwBCRk1gTXa7E=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIR7EaouHFZwT6gCWUymbZDJ5kwc1MooR/gxl9x40IRt36AO//GSZqFth64cOace7lzjx8LrsG2v63S2vrG5lZ5u7Kzu7d/UD086miZKMraVAqpej7RTPCItYGDYL1YMRL6gnX9yW3md6dMaS6jB5jFzAvJKOJDTgkYaVCtuVNGscIuDSTg/HGDr01lktTYjcfcdNl1OwdeJU5BaqhAa1D9cgNJk5BFQAXRuu/YMXgpUcCpYPOKm2gWEzohI9Y3NCIh016aHzPHZ0YJ8FAqUxHgXP09kZJQ61nom86QwFgve5n4n9dPYNjwUh7FCbCILhYNE4FB4iwZHHDFKIiZIYQqbv6K6ZgoQsHkVzEhOMsnr5LORd2x6879Za3ZKOIooxN0is6Rg65QE92hFmojih7RM3pFb9aT9WK9Wx+L1pJVzByjP7A+fwBZv5k6</latexit><latexit sha1_base64="Ewxv4sAE2KilPTSwBCRk1gTXa7E=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIR7EaouHFZwT6gCWUymbZDJ5kwc1MooR/gxl9x40IRt36AO//GSZqFth64cOace7lzjx8LrsG2v63S2vrG5lZ5u7Kzu7d/UD086miZKMraVAqpej7RTPCItYGDYL1YMRL6gnX9yW3md6dMaS6jB5jFzAvJKOJDTgkYaVCtuVNGscIuDSTg/HGDr01lktTYjcfcdNl1OwdeJU5BaqhAa1D9cgNJk5BFQAXRuu/YMXgpUcCpYPOKm2gWEzohI9Y3NCIh016aHzPHZ0YJ8FAqUxHgXP09kZJQ61nom86QwFgve5n4n9dPYNjwUh7FCbCILhYNE4FB4iwZHHDFKIiZIYQqbv6K6ZgoQsHkVzEhOMsnr5LORd2x6879Za3ZKOIooxN0is6Rg65QE92hFmojih7RM3pFb9aT9WK9Wx+L1pJVzByjP7A+fwBZv5k6</latexit><latexit sha1_base64="Ewxv4sAE2KilPTSwBCRk1gTXa7E=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIR7EaouHFZwT6gCWUymbZDJ5kwc1MooR/gxl9x40IRt36AO//GSZqFth64cOace7lzjx8LrsG2v63S2vrG5lZ5u7Kzu7d/UD086miZKMraVAqpej7RTPCItYGDYL1YMRL6gnX9yW3md6dMaS6jB5jFzAvJKOJDTgkYaVCtuVNGscIuDSTg/HGDr01lktTYjcfcdNl1OwdeJU5BaqhAa1D9cgNJk5BFQAXRuu/YMXgpUcCpYPOKm2gWEzohI9Y3NCIh016aHzPHZ0YJ8FAqUxHgXP09kZJQ61nom86QwFgve5n4n9dPYNjwUh7FCbCILhYNE4FB4iwZHHDFKIiZIYQqbv6K6ZgoQsHkVzEhOMsnr5LORd2x6879Za3ZKOIooxN0is6Rg65QE92hFmojih7RM3pFb9aT9WK9Wx+L1pJVzByjP7A+fwBZv5k6</latexit>

~r · [~p⇥ ~M ] = ~M · [~r ⇥ ~p] = ~M2
<latexit sha1_base64="AgYWmWCwIk9NDiQdAtmij1qa9aE=">AAACP3icbVDLSsNAFJ34rPUVdelmsAiuSlIEuxEKbtwIFewDklgm02k7dPJg5qZQQv/Mjb/gzq0bF4q4dec0jdCHBwbOPfdc7tzjx4IrsKxXY219Y3Nru7BT3N3bPzg0j46bKkokZQ0aiUi2faKY4CFrAAfB2rFkJPAFa/nDm2m/NWJS8Sh8gHHMvID0Q97jlICWOmbTHTGKJXZpNwLsZFWMXeABUzir7rCHr//ovE0u2OI522OlY5asspUBrxI7JyWUo94xX9xuRJOAhUAFUcqxrRi8lEjgVLBJ0U0Uiwkdkj5zNA2JXuyl2f0TfK6VLu5FUr8QcKbOT6QkUGoc+NoZEBio5d5U/K/nJNCreikP4wRYSGeLeonAEOFpmLjLJaMgxpoQKrn+K6YDIgkFHXlRh2Avn7xKmpWybZXt+8tSrZrHUUCn6AxdIBtdoRq6RXXUQBQ9oTf0gT6NZ+Pd+DK+Z9Y1I585QQswfn4BQ1qsAA==</latexit><latexit sha1_base64="AgYWmWCwIk9NDiQdAtmij1qa9aE=">AAACP3icbVDLSsNAFJ34rPUVdelmsAiuSlIEuxEKbtwIFewDklgm02k7dPJg5qZQQv/Mjb/gzq0bF4q4dec0jdCHBwbOPfdc7tzjx4IrsKxXY219Y3Nru7BT3N3bPzg0j46bKkokZQ0aiUi2faKY4CFrAAfB2rFkJPAFa/nDm2m/NWJS8Sh8gHHMvID0Q97jlICWOmbTHTGKJXZpNwLsZFWMXeABUzir7rCHr//ovE0u2OI522OlY5asspUBrxI7JyWUo94xX9xuRJOAhUAFUcqxrRi8lEjgVLBJ0U0Uiwkdkj5zNA2JXuyl2f0TfK6VLu5FUr8QcKbOT6QkUGoc+NoZEBio5d5U/K/nJNCreikP4wRYSGeLeonAEOFpmLjLJaMgxpoQKrn+K6YDIgkFHXlRh2Avn7xKmpWybZXt+8tSrZrHUUCn6AxdIBtdoRq6RXXUQBQ9oTf0gT6NZ+Pd+DK+Z9Y1I585QQswfn4BQ1qsAA==</latexit><latexit sha1_base64="AgYWmWCwIk9NDiQdAtmij1qa9aE=">AAACP3icbVDLSsNAFJ34rPUVdelmsAiuSlIEuxEKbtwIFewDklgm02k7dPJg5qZQQv/Mjb/gzq0bF4q4dec0jdCHBwbOPfdc7tzjx4IrsKxXY219Y3Nru7BT3N3bPzg0j46bKkokZQ0aiUi2faKY4CFrAAfB2rFkJPAFa/nDm2m/NWJS8Sh8gHHMvID0Q97jlICWOmbTHTGKJXZpNwLsZFWMXeABUzir7rCHr//ovE0u2OI522OlY5asspUBrxI7JyWUo94xX9xuRJOAhUAFUcqxrRi8lEjgVLBJ0U0Uiwkdkj5zNA2JXuyl2f0TfK6VLu5FUr8QcKbOT6QkUGoc+NoZEBio5d5U/K/nJNCreikP4wRYSGeLeonAEOFpmLjLJaMgxpoQKrn+K6YDIgkFHXlRh2Avn7xKmpWybZXt+8tSrZrHUUCn6AxdIBtdoRq6RXXUQBQ9oTf0gT6NZ+Pd+DK+Z9Y1I585QQswfn4BQ1qsAA==</latexit><latexit sha1_base64="AgYWmWCwIk9NDiQdAtmij1qa9aE=">AAACP3icbVDLSsNAFJ34rPUVdelmsAiuSlIEuxEKbtwIFewDklgm02k7dPJg5qZQQv/Mjb/gzq0bF4q4dec0jdCHBwbOPfdc7tzjx4IrsKxXY219Y3Nru7BT3N3bPzg0j46bKkokZQ0aiUi2faKY4CFrAAfB2rFkJPAFa/nDm2m/NWJS8Sh8gHHMvID0Q97jlICWOmbTHTGKJXZpNwLsZFWMXeABUzir7rCHr//ovE0u2OI522OlY5asspUBrxI7JyWUo94xX9xuRJOAhUAFUcqxrRi8lEjgVLBJ0U0Uiwkdkj5zNA2JXuyl2f0TfK6VLu5FUr8QcKbOT6QkUGoc+NoZEBio5d5U/K/nJNCreikP4wRYSGeLeonAEOFpmLjLJaMgxpoQKrn+K6YDIgkFHXlRh2Avn7xKmpWybZXt+8tSrZrHUUCn6AxdIBtdoRq6RXXUQBQ9oTf0gT6NZ+Pd+DK+Z9Y1I585QQswfn4BQ1qsAA==</latexit>

Ar cos� = M2 �m↵r ) r =
M2

m↵(1 + A
m↵ cos�)

<latexit sha1_base64="mA1fXp+r79pEabIdaXhYbGLJB4A="></latexit><latexit sha1_base64="mA1fXp+r79pEabIdaXhYbGLJB4A="></latexit><latexit sha1_base64="mA1fXp+r79pEabIdaXhYbGLJB4A="></latexit><latexit sha1_base64="mA1fXp+r79pEabIdaXhYbGLJB4A="></latexit>

e =
A

m↵
<latexit sha1_base64="ETUQaZ8EUuMsgkFXii+rZ3G1CpM=">AAAB/3icbVBNS8NAEJ3Ur1q/ooIXL4tF8FQSEexFqHjxWMF+QBPKZrtpl+4mYXcjlJiDf8WLB0W8+je8+W/ctjlo64OBx3szzMwLEs6Udpxvq7Syura+Ud6sbG3v7O7Z+wdtFaeS0BaJeSy7AVaUs4i2NNOcdhNJsQg47QTjm6nfeaBSsTi615OE+gIPIxYygrWR+vYRRVfICyUm2XWeCeRhnoxw3rerTs2ZAS0TtyBVKNDs21/eICapoJEmHCvVc51E+xmWmhFO84qXKppgMsZD2jM0woIqP5vdn6NTowxQGEtTkUYz9fdEhoVSExGYToH1SC16U/E/r5fqsO5nLEpSTSMyXxSmHOkYTcNAAyYp0XxiCCaSmVsRGWEThjaRVUwI7uLLy6R9XnOdmnt3UW3UizjKcAwncAYuXEIDbqEJLSDwCM/wCm/Wk/VivVsf89aSVcwcwh9Ynz8TbpV3</latexit><latexit sha1_base64="ETUQaZ8EUuMsgkFXii+rZ3G1CpM=">AAAB/3icbVBNS8NAEJ3Ur1q/ooIXL4tF8FQSEexFqHjxWMF+QBPKZrtpl+4mYXcjlJiDf8WLB0W8+je8+W/ctjlo64OBx3szzMwLEs6Udpxvq7Syura+Ud6sbG3v7O7Z+wdtFaeS0BaJeSy7AVaUs4i2NNOcdhNJsQg47QTjm6nfeaBSsTi615OE+gIPIxYygrWR+vYRRVfICyUm2XWeCeRhnoxw3rerTs2ZAS0TtyBVKNDs21/eICapoJEmHCvVc51E+xmWmhFO84qXKppgMsZD2jM0woIqP5vdn6NTowxQGEtTkUYz9fdEhoVSExGYToH1SC16U/E/r5fqsO5nLEpSTSMyXxSmHOkYTcNAAyYp0XxiCCaSmVsRGWEThjaRVUwI7uLLy6R9XnOdmnt3UW3UizjKcAwncAYuXEIDbqEJLSDwCM/wCm/Wk/VivVsf89aSVcwcwh9Ynz8TbpV3</latexit><latexit sha1_base64="ETUQaZ8EUuMsgkFXii+rZ3G1CpM=">AAAB/3icbVBNS8NAEJ3Ur1q/ooIXL4tF8FQSEexFqHjxWMF+QBPKZrtpl+4mYXcjlJiDf8WLB0W8+je8+W/ctjlo64OBx3szzMwLEs6Udpxvq7Syura+Ud6sbG3v7O7Z+wdtFaeS0BaJeSy7AVaUs4i2NNOcdhNJsQg47QTjm6nfeaBSsTi615OE+gIPIxYygrWR+vYRRVfICyUm2XWeCeRhnoxw3rerTs2ZAS0TtyBVKNDs21/eICapoJEmHCvVc51E+xmWmhFO84qXKppgMsZD2jM0woIqP5vdn6NTowxQGEtTkUYz9fdEhoVSExGYToH1SC16U/E/r5fqsO5nLEpSTSMyXxSmHOkYTcNAAyYp0XxiCCaSmVsRGWEThjaRVUwI7uLLy6R9XnOdmnt3UW3UizjKcAwncAYuXEIDbqEJLSDwCM/wCm/Wk/VivVsf89aSVcwcwh9Ynz8TbpV3</latexit><latexit sha1_base64="ETUQaZ8EUuMsgkFXii+rZ3G1CpM=">AAAB/3icbVBNS8NAEJ3Ur1q/ooIXL4tF8FQSEexFqHjxWMF+QBPKZrtpl+4mYXcjlJiDf8WLB0W8+je8+W/ctjlo64OBx3szzMwLEs6Udpxvq7Syura+Ud6sbG3v7O7Z+wdtFaeS0BaJeSy7AVaUs4i2NNOcdhNJsQg47QTjm6nfeaBSsTi615OE+gIPIxYygrWR+vYRRVfICyUm2XWeCeRhnoxw3rerTs2ZAS0TtyBVKNDs21/eICapoJEmHCvVc51E+xmWmhFO84qXKppgMsZD2jM0woIqP5vdn6NTowxQGEtTkUYz9fdEhoVSExGYToH1SC16U/E/r5fqsO5nLEpSTSMyXxSmHOkYTcNAAyYp0XxiCCaSmVsRGWEThjaRVUwI7uLLy6R9XnOdmnt3UW3UizjKcAwncAYuXEIDbqEJLSDwCM/wCm/Wk/VivVsf89aSVcwcwh9Ynz8TbpV3</latexit>

rmin =
p

e� 1
<latexit sha1_base64="PmsFmfWAQXHIyVKIZBTPYTrcVpU=">AAACAXicbVBNS8NAEJ3Ur1q/ol4EL4tF8GJJRLAXoeDFYwX7AU0om+2mXbrZhN2NUEK8+Fe8eFDEq//Cm//GbZuDtj4YeLw3w8y8IOFMacf5tkorq2vrG+XNytb2zu6evX/QVnEqCW2RmMeyG2BFORO0pZnmtJtIiqOA004wvpn6nQcqFYvFvZ4k1I/wULCQEayN1LePZD/zIiZydI28UGKSJXlGz928b1edmjMDWiZuQapQoNm3v7xBTNKICk04VqrnOon2Myw1I5zmFS9VNMFkjIe0Z6jAEVV+NvsgR6dGGaAwlqaERjP190SGI6UmUWA6I6xHatGbiv95vVSHdT9jIkk1FWS+KEw50jGaxoEGTFKi+cQQTCQztyIywiYHbUKrmBDcxZeXSfui5jo19+6y2qgXcZThGE7gDFy4ggbcQhNaQOARnuEV3qwn68V6tz7mrSWrmDmEP7A+fwAIApaS</latexit><latexit sha1_base64="PmsFmfWAQXHIyVKIZBTPYTrcVpU=">AAACAXicbVBNS8NAEJ3Ur1q/ol4EL4tF8GJJRLAXoeDFYwX7AU0om+2mXbrZhN2NUEK8+Fe8eFDEq//Cm//GbZuDtj4YeLw3w8y8IOFMacf5tkorq2vrG+XNytb2zu6evX/QVnEqCW2RmMeyG2BFORO0pZnmtJtIiqOA004wvpn6nQcqFYvFvZ4k1I/wULCQEayN1LePZD/zIiZydI28UGKSJXlGz928b1edmjMDWiZuQapQoNm3v7xBTNKICk04VqrnOon2Myw1I5zmFS9VNMFkjIe0Z6jAEVV+NvsgR6dGGaAwlqaERjP190SGI6UmUWA6I6xHatGbiv95vVSHdT9jIkk1FWS+KEw50jGaxoEGTFKi+cQQTCQztyIywiYHbUKrmBDcxZeXSfui5jo19+6y2qgXcZThGE7gDFy4ggbcQhNaQOARnuEV3qwn68V6tz7mrSWrmDmEP7A+fwAIApaS</latexit><latexit sha1_base64="PmsFmfWAQXHIyVKIZBTPYTrcVpU=">AAACAXicbVBNS8NAEJ3Ur1q/ol4EL4tF8GJJRLAXoeDFYwX7AU0om+2mXbrZhN2NUEK8+Fe8eFDEq//Cm//GbZuDtj4YeLw3w8y8IOFMacf5tkorq2vrG+XNytb2zu6evX/QVnEqCW2RmMeyG2BFORO0pZnmtJtIiqOA004wvpn6nQcqFYvFvZ4k1I/wULCQEayN1LePZD/zIiZydI28UGKSJXlGz928b1edmjMDWiZuQapQoNm3v7xBTNKICk04VqrnOon2Myw1I5zmFS9VNMFkjIe0Z6jAEVV+NvsgR6dGGaAwlqaERjP190SGI6UmUWA6I6xHatGbiv95vVSHdT9jIkk1FWS+KEw50jGaxoEGTFKi+cQQTCQztyIywiYHbUKrmBDcxZeXSfui5jo19+6y2qgXcZThGE7gDFy4ggbcQhNaQOARnuEV3qwn68V6tz7mrSWrmDmEP7A+fwAIApaS</latexit><latexit sha1_base64="PmsFmfWAQXHIyVKIZBTPYTrcVpU=">AAACAXicbVBNS8NAEJ3Ur1q/ol4EL4tF8GJJRLAXoeDFYwX7AU0om+2mXbrZhN2NUEK8+Fe8eFDEq//Cm//GbZuDtj4YeLw3w8y8IOFMacf5tkorq2vrG+XNytb2zu6evX/QVnEqCW2RmMeyG2BFORO0pZnmtJtIiqOA004wvpn6nQcqFYvFvZ4k1I/wULCQEayN1LePZD/zIiZydI28UGKSJXlGz928b1edmjMDWiZuQapQoNm3v7xBTNKICk04VqrnOon2Myw1I5zmFS9VNMFkjIe0Z6jAEVV+NvsgR6dGGaAwlqaERjP190SGI6UmUWA6I6xHatGbiv95vVSHdT9jIkk1FWS+KEw50jGaxoEGTFKi+cQQTCQztyIywiYHbUKrmBDcxZeXSfui5jo19+6y2qgXcZThGE7gDFy4ggbcQhNaQOARnuEV3qwn68V6tz7mrSWrmDmEP7A+fwAIApaS</latexit>
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<latexit sha1_base64="mElN4TeG8ecuY5g40xvWP8Qug2E=">AAAB7XicbVBNS8NAEJ3Ur1q/q h69LBbBU0lEsMeKF48V7Ae0oWy2k3btZhN2N4US+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3dxvT1BpHstHM03 Qj+hQ8pAzaqzU6k2Qkdt+ueJW3QXIOvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBW6qUaE8rGdIhdSyWNUPvZ4toZubDKgISxsiUNWai/JzIaaT2NAts ZUTPSq95c/M/rpias+RmXSWpQsuWiMBXExGT+OhlwhcyIqSWUKW5vJWxEFWXGBlSyIXirL6+T1lXVc6vew3WlXsvjKMIZnMMleHADdbiHBjSBwRM8wyu8ObHz4rw7H8vWgpPPnMIfOJ8/7DGOpw==</lat exit><latexit sha1_base64="mElN4TeG8ecuY5g40xvWP8Qug2E=">AAAB7XicbVBNS8NAEJ3Ur1q/q h69LBbBU0lEsMeKF48V7Ae0oWy2k3btZhN2N4US+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3dxvT1BpHstHM03 Qj+hQ8pAzaqzU6k2Qkdt+ueJW3QXIOvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBW6qUaE8rGdIhdSyWNUPvZ4toZubDKgISxsiUNWai/JzIaaT2NAts ZUTPSq95c/M/rpias+RmXSWpQsuWiMBXExGT+OhlwhcyIqSWUKW5vJWxEFWXGBlSyIXirL6+T1lXVc6vew3WlXsvjKMIZnMMleHADdbiHBjSBwRM8wyu8ObHz4rw7H8vWgpPPnMIfOJ8/7DGOpw==</lat exit><latexit sha1_base64="mElN4TeG8ecuY5g40xvWP8Qug2E=">AAAB7XicbVBNS8NAEJ3Ur1q/q h69LBbBU0lEsMeKF48V7Ae0oWy2k3btZhN2N4US+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3dxvT1BpHstHM03 Qj+hQ8pAzaqzU6k2Qkdt+ueJW3QXIOvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBW6qUaE8rGdIhdSyWNUPvZ4toZubDKgISxsiUNWai/JzIaaT2NAts ZUTPSq95c/M/rpias+RmXSWpQsuWiMBXExGT+OhlwhcyIqSWUKW5vJWxEFWXGBlSyIXirL6+T1lXVc6vew3WlXsvjKMIZnMMleHADdbiHBjSBwRM8wyu8ObHz4rw7H8vWgpPPnMIfOJ8/7DGOpw==</lat exit><latexit sha1_base64="mElN4TeG8ecuY5g40xvWP8Qug2E=">AAAB7XicbVBNS8NAEJ3Ur1q/q h69LBbBU0lEsMeKF48V7Ae0oWy2k3btZhN2N4US+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3dxvT1BpHstHM03 Qj+hQ8pAzaqzU6k2Qkdt+ueJW3QXIOvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBW6qUaE8rGdIhdSyWNUPvZ4toZubDKgISxsiUNWai/JzIaaT2NAts ZUTPSq95c/M/rpias+RmXSWpQsuWiMBXExGT+OhlwhcyIqSWUKW5vJWxEFWXGBlSyIXirL6+T1lXVc6vew3WlXsvjKMIZnMMleHADdbiHBjSBwRM8wyu8ObHz4rw7H8vWgpPPnMIfOJ8/7DGOpw==</lat exit>
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<latexit sha1_base64="qLvVrIKXejf/GuUem15EVtvVWg4=">AAACH3icbVDLSsNAFJ34rPUVdelmsAh1YUmKaDdCwY0boYJpC00Mk+mkHTqThJmJUEL+xI2/4saFIuKuf+O0zUJbD1zu4Zx7mbknSBiVyrImxsrq2vrGZmmrvL2zu7dvHhy2ZZwKTBwcs1h0AyQJoxFxFFWMdBNBEA8Y6QSjm6nfeSJC0jh6UOOEeBwNIhpSjJSWfPPS8TNXcEjCMK+KM3gN3VAgnN091vOszqHQHZ4XootYMkR5JnLfrFg1awa4TOyCVECBlm9+u/0Yp5xECjMkZc+2EuVlSCiKGcnLbipJgvAIDUhP0whxIr1sdl8OT7XSh2EsdEUKztTfGxniUo55oCc5UkO56E3F/7xeqsKGl9EoSRWJ8PyhMGVQxXAaFuxTQbBiY00QFlT/FeIh0lEoHWlZh2AvnrxM2vWabdXs+4tKs1HEUQLH4ARUgQ2uQBPcghZwAAbP4BW8gw/jxXgzPo2v+eiKUewcgT8wJj9KKqHk</latexit><latexit sha1_base64="qLvVrIKXejf/GuUem15EVtvVWg4=">AAACH3icbVDLSsNAFJ34rPUVdelmsAh1YUmKaDdCwY0boYJpC00Mk+mkHTqThJmJUEL+xI2/4saFIuKuf+O0zUJbD1zu4Zx7mbknSBiVyrImxsrq2vrGZmmrvL2zu7dvHhy2ZZwKTBwcs1h0AyQJoxFxFFWMdBNBEA8Y6QSjm6nfeSJC0jh6UOOEeBwNIhpSjJSWfPPS8TNXcEjCMK+KM3gN3VAgnN091vOszqHQHZ4XootYMkR5JnLfrFg1awa4TOyCVECBlm9+u/0Yp5xECjMkZc+2EuVlSCiKGcnLbipJgvAIDUhP0whxIr1sdl8OT7XSh2EsdEUKztTfGxniUo55oCc5UkO56E3F/7xeqsKGl9EoSRWJ8PyhMGVQxXAaFuxTQbBiY00QFlT/FeIh0lEoHWlZh2AvnrxM2vWabdXs+4tKs1HEUQLH4ARUgQ2uQBPcghZwAAbP4BW8gw/jxXgzPo2v+eiKUewcgT8wJj9KKqHk</latexit><latexit sha1_base64="qLvVrIKXejf/GuUem15EVtvVWg4=">AAACH3icbVDLSsNAFJ34rPUVdelmsAh1YUmKaDdCwY0boYJpC00Mk+mkHTqThJmJUEL+xI2/4saFIuKuf+O0zUJbD1zu4Zx7mbknSBiVyrImxsrq2vrGZmmrvL2zu7dvHhy2ZZwKTBwcs1h0AyQJoxFxFFWMdBNBEA8Y6QSjm6nfeSJC0jh6UOOEeBwNIhpSjJSWfPPS8TNXcEjCMK+KM3gN3VAgnN091vOszqHQHZ4XootYMkR5JnLfrFg1awa4TOyCVECBlm9+u/0Yp5xECjMkZc+2EuVlSCiKGcnLbipJgvAIDUhP0whxIr1sdl8OT7XSh2EsdEUKztTfGxniUo55oCc5UkO56E3F/7xeqsKGl9EoSRWJ8PyhMGVQxXAaFuxTQbBiY00QFlT/FeIh0lEoHWlZh2AvnrxM2vWabdXs+4tKs1HEUQLH4ARUgQ2uQBPcghZwAAbP4BW8gw/jxXgzPo2v+eiKUewcgT8wJj9KKqHk</latexit><latexit sha1_base64="qLvVrIKXejf/GuUem15EVtvVWg4=">AAACH3icbVDLSsNAFJ34rPUVdelmsAh1YUmKaDdCwY0boYJpC00Mk+mkHTqThJmJUEL+xI2/4saFIuKuf+O0zUJbD1zu4Zx7mbknSBiVyrImxsrq2vrGZmmrvL2zu7dvHhy2ZZwKTBwcs1h0AyQJoxFxFFWMdBNBEA8Y6QSjm6nfeSJC0jh6UOOEeBwNIhpSjJSWfPPS8TNXcEjCMK+KM3gN3VAgnN091vOszqHQHZ4XootYMkR5JnLfrFg1awa4TOyCVECBlm9+u/0Yp5xECjMkZc+2EuVlSCiKGcnLbipJgvAIDUhP0whxIr1sdl8OT7XSh2EsdEUKztTfGxniUo55oCc5UkO56E3F/7xeqsKGl9EoSRWJ8PyhMGVQxXAaFuxTQbBiY00QFlT/FeIh0lEoHWlZh2AvnrxM2vWabdXs+4tKs1HEUQLH4ARUgQ2uQBPcghZwAAbP4BW8gw/jxXgzPo2v+eiKUewcgT8wJj9KKqHk</latexit>


