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Wall next to a magnetized plasma
n Electrons absorbed by wall ⇒ E into the wall
n Three different boundary layers

n Solve layers to find boundary conditions for 
models away from the wall
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MAGNETIC PRESHEATH



Magnetic presheath
n Layer of thickness ~ !i
n Large electric field disrupts gyro-orbits

n Solve layer for small angle "
q 0.05 rad (3o) now, but hope to get 0.02 rad (1o)
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Gyrokinetics for the presheath
n Slow approach of the orbit to the wall

n Separation of time scales 
⇒ gyration + slowly varying non-circular orbit
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<latexit sha1_base64="GroVjq0+HwQnWUpFM/xl0w8CTVg=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclUQEXZa6cVnBPrANZTK9aYdOJmFmIpTQv3DjQhG3/o07/8ZJm4W2Hhg4nHMvc+4JEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5zf3OEyrNY/lgpgn6ER1JHnJGjZUe+xE14yDMGrNBperW3DnIKvEKUoUCzUHlqz+MWRqhNExQrXuemxg/o8pwJnBW7qcaE8omdIQ9SyWNUPvZPPGMnFtlSMJY2ScNmau/NzIaaT2NAjuZJ9TLXi7+5/VSE974GZdJalCyxUdhKoiJSX4+GXKFzIipJZQpbrMSNqaKMmNLKtsSvOWTV0n7sua5Ne/+qlpvFHWU4BTO4AI8uIY63EETWsBAwjO8wpujnRfn3flYjK45xc4J/IHz+QOrK5Dm</latexit><latexit sha1_base64="GroVjq0+HwQnWUpFM/xl0w8CTVg=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclUQEXZa6cVnBPrANZTK9aYdOJmFmIpTQv3DjQhG3/o07/8ZJm4W2Hhg4nHMvc+4JEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5zf3OEyrNY/lgpgn6ER1JHnJGjZUe+xE14yDMGrNBperW3DnIKvEKUoUCzUHlqz+MWRqhNExQrXuemxg/o8pwJnBW7qcaE8omdIQ9SyWNUPvZPPGMnFtlSMJY2ScNmau/NzIaaT2NAjuZJ9TLXi7+5/VSE974GZdJalCyxUdhKoiJSX4+GXKFzIipJZQpbrMSNqaKMmNLKtsSvOWTV0n7sua5Ne/+qlpvFHWU4BTO4AI8uIY63EETWsBAwjO8wpujnRfn3flYjK45xc4J/IHz+QOrK5Dm</latexit><latexit sha1_base64="GroVjq0+HwQnWUpFM/xl0w8CTVg=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclUQEXZa6cVnBPrANZTK9aYdOJmFmIpTQv3DjQhG3/o07/8ZJm4W2Hhg4nHMvc+4JEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5zf3OEyrNY/lgpgn6ER1JHnJGjZUe+xE14yDMGrNBperW3DnIKvEKUoUCzUHlqz+MWRqhNExQrXuemxg/o8pwJnBW7qcaE8omdIQ9SyWNUPvZPPGMnFtlSMJY2ScNmau/NzIaaT2NAjuZJ9TLXi7+5/VSE974GZdJalCyxUdhKoiJSX4+GXKFzIipJZQpbrMSNqaKMmNLKtsSvOWTV0n7sua5Ne/+qlpvFHWU4BTO4AI8uIY63EETWsBAwjO8wpujnRfn3flYjK45xc4J/IHz+QOrK5Dm</latexit><latexit sha1_base64="GroVjq0+HwQnWUpFM/xl0w8CTVg=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclUQEXZa6cVnBPrANZTK9aYdOJmFmIpTQv3DjQhG3/o07/8ZJm4W2Hhg4nHMvc+4JEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5zf3OEyrNY/lgpgn6ER1JHnJGjZUe+xE14yDMGrNBperW3DnIKvEKUoUCzUHlqz+MWRqhNExQrXuemxg/o8pwJnBW7qcaE8omdIQ9SyWNUPvZPPGMnFtlSMJY2ScNmau/NzIaaT2NAjuZJ9TLXi7+5/VSE974GZdJalCyxUdhKoiJSX4+GXKFzIipJZQpbrMSNqaKMmNLKtsSvOWTV0n7sua5Ne/+qlpvFHWU4BTO4AI8uIY63EETWsBAwjO8wpujnRfn3flYjK45xc4J/IHz+QOrK5Dm</latexit>

gyro-orbit time ⇠ 1

⌦i
⌧ parallel streaming time ⇠ ⇢i/↵

vti
⇠ 1

↵⌦i
<latexit sha1_base64="lV8vDKcUoaTxep2+wlDQzqjxi7Y="></latexit><latexit sha1_base64="lV8vDKcUoaTxep2+wlDQzqjxi7Y="></latexit><latexit sha1_base64="lV8vDKcUoaTxep2+wlDQzqjxi7Y="></latexit><latexit sha1_base64="lV8vDKcUoaTxep2+wlDQzqjxi7Y="></latexit>

y
<latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit>

vk ⇠ vti
<latexit sha1_base64="DU+mgaUj620n5tNekf6Mb9Yt6C8=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4KokIeix68VjBfkATwma7bZfubsLuJFBi/4kXD4p49Z9489+4bXPQ1gcDj/dmmJkXp4Ib8LxvZ219Y3Nru7JT3d3bPzh0j47bJsk0ZS2aiER3Y2KY4Iq1gINg3VQzImPBOvH4buZ3cqYNT9QjTFIWSjJUfMApAStFrptHwRMODJc4jwrg08iteXVvDrxK/JLUUIlm5H4F/YRmkimgghjT870UwoJo4FSwaTXIDEsJHZMh61mqiGQmLOaXT/G5Vfp4kGhbCvBc/T1REGnMRMa2UxIYmWVvJv7n9TIY3IQFV2kGTNHFokEmMCR4FgPuc80oiIklhGpub8V0RDShYMOq2hD85ZdXSfuy7nt1/+Gq1rgt46igU3SGLpCPrlED3aMmaiGKcvSMXtGbUzgvzrvzsWhdc8qZE/QHzucPcymThw==</latexit><latexit sha1_base64="DU+mgaUj620n5tNekf6Mb9Yt6C8=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4KokIeix68VjBfkATwma7bZfubsLuJFBi/4kXD4p49Z9489+4bXPQ1gcDj/dmmJkXp4Ib8LxvZ219Y3Nru7JT3d3bPzh0j47bJsk0ZS2aiER3Y2KY4Iq1gINg3VQzImPBOvH4buZ3cqYNT9QjTFIWSjJUfMApAStFrptHwRMODJc4jwrg08iteXVvDrxK/JLUUIlm5H4F/YRmkimgghjT870UwoJo4FSwaTXIDEsJHZMh61mqiGQmLOaXT/G5Vfp4kGhbCvBc/T1REGnMRMa2UxIYmWVvJv7n9TIY3IQFV2kGTNHFokEmMCR4FgPuc80oiIklhGpub8V0RDShYMOq2hD85ZdXSfuy7nt1/+Gq1rgt46igU3SGLpCPrlED3aMmaiGKcvSMXtGbUzgvzrvzsWhdc8qZE/QHzucPcymThw==</latexit><latexit sha1_base64="DU+mgaUj620n5tNekf6Mb9Yt6C8=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4KokIeix68VjBfkATwma7bZfubsLuJFBi/4kXD4p49Z9489+4bXPQ1gcDj/dmmJkXp4Ib8LxvZ219Y3Nru7JT3d3bPzh0j47bJsk0ZS2aiER3Y2KY4Iq1gINg3VQzImPBOvH4buZ3cqYNT9QjTFIWSjJUfMApAStFrptHwRMODJc4jwrg08iteXVvDrxK/JLUUIlm5H4F/YRmkimgghjT870UwoJo4FSwaTXIDEsJHZMh61mqiGQmLOaXT/G5Vfp4kGhbCvBc/T1REGnMRMa2UxIYmWVvJv7n9TIY3IQFV2kGTNHFokEmMCR4FgPuc80oiIklhGpub8V0RDShYMOq2hD85ZdXSfuy7nt1/+Gq1rgt46igU3SGLpCPrlED3aMmaiGKcvSMXtGbUzgvzrvzsWhdc8qZE/QHzucPcymThw==</latexit><latexit sha1_base64="DU+mgaUj620n5tNekf6Mb9Yt6C8=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4KokIeix68VjBfkATwma7bZfubsLuJFBi/4kXD4p49Z9489+4bXPQ1gcDj/dmmJkXp4Ib8LxvZ219Y3Nru7JT3d3bPzh0j47bJsk0ZS2aiER3Y2KY4Iq1gINg3VQzImPBOvH4buZ3cqYNT9QjTFIWSjJUfMApAStFrptHwRMODJc4jwrg08iteXVvDrxK/JLUUIlm5H4F/YRmkimgghjT870UwoJo4FSwaTXIDEsJHZMh61mqiGQmLOaXT/G5Vfp4kGhbCvBc/T1REGnMRMa2UxIYmWVvJv7n9TIY3IQFV2kGTNHFokEmMCR4FgPuc80oiIklhGpub8V0RDShYMOq2hD85ZdXSfuy7nt1/+Gq1rgt46igU3SGLpCPrlED3aMmaiGKcvSMXtGbUzgvzrvzsWhdc8qZE/QHzucPcymThw==</latexit>



Gyrokinetics for the presheath

n Use slow variables
q Orbit position

q ⊥ energy:

q Total energy:

5

se
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l
⇢ i

<latexit sha1_base64="1HyO3oia5y2ZWGrh+5+V3TbzHFQ=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyURQZdFNy4r2Ac0IUymt+3QyYOZG7GEgr/ixoUibv0Od/6N0zYLbT0wcDjnXO6dE6ZSaHScb6u0srq2vlHerGxt7+zu2fsHLZ1kikOTJzJRnZBpkCKGJgqU0EkVsCiU0A5HN1O//QBKiyS+x3EKfsQGsegLztBIgX3kITxirsGEmKQTTw2TQAR21ak5M9Bl4hakSgo0AvvL6yU8iyBGLpnWXddJ0c+ZQsElTCpepiFlfMQG0DU0ZhFoP5+dP6GnRunRfqLMi5HO1N8TOYu0HkehSUYMh3rRm4r/ed0M+1d+LuI0Q4j5fFE/kxQTOu2C9oQCjnJsCONKmFspHzLFOJrGKqYEd/HLy6R1XnOdmnt3Ua1fF3WUyTE5IWfEJZekTm5JgzQJJzl5Jq/kzXqyXqx362MeLVnFzCH5A+vzB+sVlhU=</latexit><latexit sha1_base64="1HyO3oia5y2ZWGrh+5+V3TbzHFQ=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyURQZdFNy4r2Ac0IUymt+3QyYOZG7GEgr/ixoUibv0Od/6N0zYLbT0wcDjnXO6dE6ZSaHScb6u0srq2vlHerGxt7+zu2fsHLZ1kikOTJzJRnZBpkCKGJgqU0EkVsCiU0A5HN1O//QBKiyS+x3EKfsQGsegLztBIgX3kITxirsGEmKQTTw2TQAR21ak5M9Bl4hakSgo0AvvL6yU8iyBGLpnWXddJ0c+ZQsElTCpepiFlfMQG0DU0ZhFoP5+dP6GnRunRfqLMi5HO1N8TOYu0HkehSUYMh3rRm4r/ed0M+1d+LuI0Q4j5fFE/kxQTOu2C9oQCjnJsCONKmFspHzLFOJrGKqYEd/HLy6R1XnOdmnt3Ua1fF3WUyTE5IWfEJZekTm5JgzQJJzl5Jq/kzXqyXqx362MeLVnFzCH5A+vzB+sVlhU=</latexit><latexit sha1_base64="1HyO3oia5y2ZWGrh+5+V3TbzHFQ=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyURQZdFNy4r2Ac0IUymt+3QyYOZG7GEgr/ixoUibv0Od/6N0zYLbT0wcDjnXO6dE6ZSaHScb6u0srq2vlHerGxt7+zu2fsHLZ1kikOTJzJRnZBpkCKGJgqU0EkVsCiU0A5HN1O//QBKiyS+x3EKfsQGsegLztBIgX3kITxirsGEmKQTTw2TQAR21ak5M9Bl4hakSgo0AvvL6yU8iyBGLpnWXddJ0c+ZQsElTCpepiFlfMQG0DU0ZhFoP5+dP6GnRunRfqLMi5HO1N8TOYu0HkehSUYMh3rRm4r/ed0M+1d+LuI0Q4j5fFE/kxQTOu2C9oQCjnJsCONKmFspHzLFOJrGKqYEd/HLy6R1XnOdmnt3Ua1fF3WUyTE5IWfEJZekTm5JgzQJJzl5Jq/kzXqyXqx362MeLVnFzCH5A+vzB+sVlhU=</latexit><latexit sha1_base64="1HyO3oia5y2ZWGrh+5+V3TbzHFQ=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyURQZdFNy4r2Ac0IUymt+3QyYOZG7GEgr/ixoUibv0Od/6N0zYLbT0wcDjnXO6dE6ZSaHScb6u0srq2vlHerGxt7+zu2fsHLZ1kikOTJzJRnZBpkCKGJgqU0EkVsCiU0A5HN1O//QBKiyS+x3EKfsQGsegLztBIgX3kITxirsGEmKQTTw2TQAR21ak5M9Bl4hakSgo0AvvL6yU8iyBGLpnWXddJ0c+ZQsElTCpepiFlfMQG0DU0ZhFoP5+dP6GnRunRfqLMi5HO1N8TOYu0HkehSUYMh3rRm4r/ed0M+1d+LuI0Q4j5fFE/kxQTOu2C9oQCjnJsCONKmFspHzLFOJrGKqYEd/HLy6R1XnOdmnt3Ua1fF3WUyTE5IWfEJZekTm5JgzQJJzl5Jq/kzXqyXqx362MeLVnFzCH5A+vzB+sVlhU=</latexit>

' ⇢i
<latexit sha1_base64="xATrJYCBO9O33H+3B1H2x/pEvnA=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOyS5idzCZD5rGZmQ2EkO/w4kERr36MN//GSbIHTSxoKKq66e6KU86M9f1vr7CxubW9U9wt7e0fHB6Vj0+aRmWa0AZRXOl2jA3lTNKGZZbTdqopFjGnrXh4P/dbY6oNU/LJTlIaCdyXLGEEWydFoWGCjlCoB6rLuuWKX/UXQOskyEkFctS75a+wp0gmqLSEY2M6gZ/aaIq1ZYTTWSnMDE0xGeI+7TgqsaAmmi6OnqELp/RQorQradFC/T0xxcKYiYhdp8B2YFa9ufif18lschtNmUwzSyVZLkoyjqxC8wRQj2lKLJ84golm7lZEBlhjYl1OJRdCsPryOmleVQO/GjxeV2p3eRxFOINzuIQAbqAGD1CHBhAYwTO8wps39l68d+9j2Vrw8plT+APv8weqbJIE</latexit><latexit sha1_base64="xATrJYCBO9O33H+3B1H2x/pEvnA=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOyS5idzCZD5rGZmQ2EkO/w4kERr36MN//GSbIHTSxoKKq66e6KU86M9f1vr7CxubW9U9wt7e0fHB6Vj0+aRmWa0AZRXOl2jA3lTNKGZZbTdqopFjGnrXh4P/dbY6oNU/LJTlIaCdyXLGEEWydFoWGCjlCoB6rLuuWKX/UXQOskyEkFctS75a+wp0gmqLSEY2M6gZ/aaIq1ZYTTWSnMDE0xGeI+7TgqsaAmmi6OnqELp/RQorQradFC/T0xxcKYiYhdp8B2YFa9ufif18lschtNmUwzSyVZLkoyjqxC8wRQj2lKLJ84golm7lZEBlhjYl1OJRdCsPryOmleVQO/GjxeV2p3eRxFOINzuIQAbqAGD1CHBhAYwTO8wps39l68d+9j2Vrw8plT+APv8weqbJIE</latexit><latexit sha1_base64="xATrJYCBO9O33H+3B1H2x/pEvnA=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOyS5idzCZD5rGZmQ2EkO/w4kERr36MN//GSbIHTSxoKKq66e6KU86M9f1vr7CxubW9U9wt7e0fHB6Vj0+aRmWa0AZRXOl2jA3lTNKGZZbTdqopFjGnrXh4P/dbY6oNU/LJTlIaCdyXLGEEWydFoWGCjlCoB6rLuuWKX/UXQOskyEkFctS75a+wp0gmqLSEY2M6gZ/aaIq1ZYTTWSnMDE0xGeI+7TgqsaAmmi6OnqELp/RQorQradFC/T0xxcKYiYhdp8B2YFa9ufif18lschtNmUwzSyVZLkoyjqxC8wRQj2lKLJ84golm7lZEBlhjYl1OJRdCsPryOmleVQO/GjxeV2p3eRxFOINzuIQAbqAGD1CHBhAYwTO8wps39l68d+9j2Vrw8plT+APv8weqbJIE</latexit><latexit sha1_base64="xATrJYCBO9O33H+3B1H2x/pEvnA=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOyS5idzCZD5rGZmQ2EkO/w4kERr36MN//GSbIHTSxoKKq66e6KU86M9f1vr7CxubW9U9wt7e0fHB6Vj0+aRmWa0AZRXOl2jA3lTNKGZZbTdqopFjGnrXh4P/dbY6oNU/LJTlIaCdyXLGEEWydFoWGCjlCoB6rLuuWKX/UXQOskyEkFctS75a+wp0gmqLSEY2M6gZ/aaIq1ZYTTWSnMDE0xGeI+7TgqsaAmmi6OnqELp/RQorQradFC/T0xxcKYiYhdp8B2YFa9ufif18lschtNmUwzSyVZLkoyjqxC8wRQj2lKLJ84golm7lZEBlhjYl1OJRdCsPryOmleVQO/GjxeV2p3eRxFOINzuIQAbqAGD1CHBhAYwTO8wps39l68d+9j2Vrw8plT+APv8weqbJIE</latexit>

x

<latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit>

z
<latexit sha1_base64="HDzXchlsPlmuEyZZ/9zFJ+iVC6I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0IN/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB6UGM/g==</latexit><latexit sha1_base64="HDzXchlsPlmuEyZZ/9zFJ+iVC6I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0IN/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB6UGM/g==</latexit><latexit sha1_base64="HDzXchlsPlmuEyZZ/9zFJ+iVC6I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0IN/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB6UGM/g==</latexit><latexit sha1_base64="HDzXchlsPlmuEyZZ/9zFJ+iVC6I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0IN/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB6UGM/g==</latexit>

y
<latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit>

↵
<latexit sha1_base64="JtDqaCSYHdUsArJlViGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7KJIRtgrV/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit><latexit sha1_base64="JtDqaCSYHdUsArJlViGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7KJIRtgrV/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit><latexit sha1_base64="JtDqaCSYHdUsArJlViGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7KJIRtgrV/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit><latexit sha1_base64="JtDqaCSYHdUsArJlViGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7KJIRtgrV/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit>

B
<latexit sha1_base64="GroVjq0+HwQnWUpFM/xl0w8CTVg=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclUQEXZa6cVnBPrANZTK9aYdOJmFmIpTQv3DjQhG3/o07/8ZJm4W2Hhg4nHMvc+4JEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5zf3OEyrNY/lgpgn6ER1JHnJGjZUe+xE14yDMGrNBperW3DnIKvEKUoUCzUHlqz+MWRqhNExQrXuemxg/o8pwJnBW7qcaE8omdIQ9SyWNUPvZPPGMnFtlSMJY2ScNmau/NzIaaT2NAjuZJ9TLXi7+5/VSE974GZdJalCyxUdhKoiJSX4+GXKFzIipJZQpbrMSNqaKMmNLKtsSvOWTV0n7sua5Ne/+qlpvFHWU4BTO4AI8uIY63EETWsBAwjO8wpujnRfn3flYjK45xc4J/IHz+QOrK5Dm</latexit><latexit sha1_base64="GroVjq0+HwQnWUpFM/xl0w8CTVg=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclUQEXZa6cVnBPrANZTK9aYdOJmFmIpTQv3DjQhG3/o07/8ZJm4W2Hhg4nHMvc+4JEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5zf3OEyrNY/lgpgn6ER1JHnJGjZUe+xE14yDMGrNBperW3DnIKvEKUoUCzUHlqz+MWRqhNExQrXuemxg/o8pwJnBW7qcaE8omdIQ9SyWNUPvZPPGMnFtlSMJY2ScNmau/NzIaaT2NAjuZJ9TLXi7+5/VSE974GZdJalCyxUdhKoiJSX4+GXKFzIipJZQpbrMSNqaKMmNLKtsSvOWTV0n7sua5Ne/+qlpvFHWU4BTO4AI8uIY63EETWsBAwjO8wpujnRfn3flYjK45xc4J/IHz+QOrK5Dm</latexit><latexit sha1_base64="GroVjq0+HwQnWUpFM/xl0w8CTVg=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclUQEXZa6cVnBPrANZTK9aYdOJmFmIpTQv3DjQhG3/o07/8ZJm4W2Hhg4nHMvc+4JEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5zf3OEyrNY/lgpgn6ER1JHnJGjZUe+xE14yDMGrNBperW3DnIKvEKUoUCzUHlqz+MWRqhNExQrXuemxg/o8pwJnBW7qcaE8omdIQ9SyWNUPvZPPGMnFtlSMJY2ScNmau/NzIaaT2NAjuZJ9TLXi7+5/VSE974GZdJalCyxUdhKoiJSX4+GXKFzIipJZQpbrMSNqaKMmNLKtsSvOWTV0n7sua5Ne/+qlpvFHWU4BTO4AI8uIY63EETWsBAwjO8wpujnRfn3flYjK45xc4J/IHz+QOrK5Dm</latexit><latexit sha1_base64="GroVjq0+HwQnWUpFM/xl0w8CTVg=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclUQEXZa6cVnBPrANZTK9aYdOJmFmIpTQv3DjQhG3/o07/8ZJm4W2Hhg4nHMvc+4JEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5zf3OEyrNY/lgpgn6ER1JHnJGjZUe+xE14yDMGrNBperW3DnIKvEKUoUCzUHlqz+MWRqhNExQrXuemxg/o8pwJnBW7qcaE8omdIQ9SyWNUPvZPPGMnFtlSMJY2ScNmau/NzIaaT2NAjuZJ9TLXi7+5/VSE974GZdJalCyxUdhKoiJSX4+GXKFzIipJZQpbrMSNqaKMmNLKtsSvOWTV0n7sua5Ne/+qlpvFHWU4BTO4AI8uIY63EETWsBAwjO8wpujnRfn3flYjK45xc4J/IHz+QOrK5Dm</latexit>
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<latexit sha1_base64="2xiAE/OK7G9F5/ftyK08VQ/F1Io="></latexit><latexit sha1_base64="2xiAE/OK7G9F5/ftyK08VQ/F1Io="></latexit><latexit sha1_base64="2xiAE/OK7G9F5/ftyK08VQ/F1Io="></latexit><latexit sha1_base64="2xiAE/OK7G9F5/ftyK08VQ/F1Io="></latexit>
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<latexit sha1_base64="uoe9pBU0vPyD9cyWCf+IUhVIBo0="></latexit><latexit sha1_base64="uoe9pBU0vPyD9cyWCf+IUhVIBo0="></latexit><latexit sha1_base64="uoe9pBU0vPyD9cyWCf+IUhVIBo0="></latexit><latexit sha1_base64="uoe9pBU0vPyD9cyWCf+IUhVIBo0="></latexit>

U =

1

2

(v2
x

+ v2
y

+ v2
z

) +

Ze�

m
i

= constant

<latexit sha1_base64="67EZxdwDZnKxRq/iQjknDWvowvw="></latexit><latexit sha1_base64="67EZxdwDZnKxRq/iQjknDWvowvw="></latexit><latexit sha1_base64="67EZxdwDZnKxRq/iQjknDWvowvw="></latexit><latexit sha1_base64="67EZxdwDZnKxRq/iQjknDWvowvw="></latexit>



Projection of the orbit ⊥ to wall
n Motion ⊥ to wall described by potential "

n Determine gyro-orbits using "
q # monotonically increases with x
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<latexit sha1_base64="6ExxoFukgL4SoqCQGvMoDxE/220="></latexit><latexit sha1_base64="6ExxoFukgL4SoqCQGvMoDxE/220="></latexit><latexit sha1_base64="6ExxoFukgL4SoqCQGvMoDxE/220="></latexit><latexit sha1_base64="6ExxoFukgL4SoqCQGvMoDxE/220="></latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

1

2
⌦2

i (x� x̄)2
<latexit sha1_base64="4aYxj8JJQh0tumQrmZ3IMSa76W8=">AAACD3icbVDLSsNAFJ34rPUVdelmsCh1YUmCoMuiG3dWsA9o0jCZTtqhk0mYmUhLyB+48VfcuFDErVt3/o3Tx0JbD1w4nHMv994TJIxKZVnfxtLyyuraemGjuLm1vbNr7u03ZJwKTOo4ZrFoBUgSRjmpK6oYaSWCoChgpBkMrsd+84EISWN+r0YJ8SLU4zSkGCkt+eaJGwqEMzvPnBy6txHpIZ92HFgewjPoBkhkw/y04/hmyapYE8BFYs9ICcxQ880vtxvjNCJcYYakbNtWorwMCUUxI3nRTSVJEB6gHmlrylFEpJdN/snhsVa6MIyFLq7gRP09kaFIylEU6M4Iqb6c98bif147VeGll1GepIpwPF0UpgyqGI7DgV0qCFZspAnCgupbIe4jHZDSERZ1CPb8y4uk4VRsq2LfnZeqV7M4CuAQHIEysMEFqIIbUAN1gMEjeAav4M14Ml6Md+Nj2rpkzGYOwB8Ynz+ZAJsW</latexit><latexit sha1_base64="4aYxj8JJQh0tumQrmZ3IMSa76W8=">AAACD3icbVDLSsNAFJ34rPUVdelmsCh1YUmCoMuiG3dWsA9o0jCZTtqhk0mYmUhLyB+48VfcuFDErVt3/o3Tx0JbD1w4nHMv994TJIxKZVnfxtLyyuraemGjuLm1vbNr7u03ZJwKTOo4ZrFoBUgSRjmpK6oYaSWCoChgpBkMrsd+84EISWN+r0YJ8SLU4zSkGCkt+eaJGwqEMzvPnBy6txHpIZ92HFgewjPoBkhkw/y04/hmyapYE8BFYs9ICcxQ880vtxvjNCJcYYakbNtWorwMCUUxI3nRTSVJEB6gHmlrylFEpJdN/snhsVa6MIyFLq7gRP09kaFIylEU6M4Iqb6c98bif147VeGll1GepIpwPF0UpgyqGI7DgV0qCFZspAnCgupbIe4jHZDSERZ1CPb8y4uk4VRsq2LfnZeqV7M4CuAQHIEysMEFqIIbUAN1gMEjeAav4M14Ml6Md+Nj2rpkzGYOwB8Ynz+ZAJsW</latexit><latexit sha1_base64="4aYxj8JJQh0tumQrmZ3IMSa76W8=">AAACD3icbVDLSsNAFJ34rPUVdelmsCh1YUmCoMuiG3dWsA9o0jCZTtqhk0mYmUhLyB+48VfcuFDErVt3/o3Tx0JbD1w4nHMv994TJIxKZVnfxtLyyuraemGjuLm1vbNr7u03ZJwKTOo4ZrFoBUgSRjmpK6oYaSWCoChgpBkMrsd+84EISWN+r0YJ8SLU4zSkGCkt+eaJGwqEMzvPnBy6txHpIZ92HFgewjPoBkhkw/y04/hmyapYE8BFYs9ICcxQ880vtxvjNCJcYYakbNtWorwMCUUxI3nRTSVJEB6gHmlrylFEpJdN/snhsVa6MIyFLq7gRP09kaFIylEU6M4Iqb6c98bif147VeGll1GepIpwPF0UpgyqGI7DgV0qCFZspAnCgupbIe4jHZDSERZ1CPb8y4uk4VRsq2LfnZeqV7M4CuAQHIEysMEFqIIbUAN1gMEjeAav4M14Ml6Md+Nj2rpkzGYOwB8Ynz+ZAJsW</latexit><latexit sha1_base64="4aYxj8JJQh0tumQrmZ3IMSa76W8=">AAACD3icbVDLSsNAFJ34rPUVdelmsCh1YUmCoMuiG3dWsA9o0jCZTtqhk0mYmUhLyB+48VfcuFDErVt3/o3Tx0JbD1w4nHMv994TJIxKZVnfxtLyyuraemGjuLm1vbNr7u03ZJwKTOo4ZrFoBUgSRjmpK6oYaSWCoChgpBkMrsd+84EISWN+r0YJ8SLU4zSkGCkt+eaJGwqEMzvPnBy6txHpIZ92HFgewjPoBkhkw/y04/hmyapYE8BFYs9ICcxQ880vtxvjNCJcYYakbNtWorwMCUUxI3nRTSVJEB6gHmlrylFEpJdN/snhsVa6MIyFLq7gRP09kaFIylEU6M4Iqb6c98bif147VeGll1GepIpwPF0UpgyqGI7DgV0qCFZspAnCgupbIe4jHZDSERZ1CPb8y4uk4VRsq2LfnZeqV7M4CuAQHIEysMEFqIIbUAN1gMEjeAav4M14Ml6Md+Nj2rpkzGYOwB8Ynz+ZAJsW</latexit>

�
<latexit sha1_base64="TwKQu5I6W5bc9HOXn7rGty6B3x4=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGtCYD+sNr+nNgVeJX5IGlGgP61+DUUIzyZSlghjT973UBjnRllPBZrVBZlhK6ISMWd9RRSQzQT6/dYbPnDLCUaJdKYvn6u+JnEhjpjJ0nZLY2Cx7hfif189sdB3kXKWZZYouFkWZwDbBxeN4xDWjVkwdIVRzdyumMdGEWhdPzYXgL7+8SroXTd9r+veXjdZNGUcVTuAUzsGHK2jBHbShAxRieIZXeEMSvaB39LForaBy5hj+AH3+AP+rjjI=</latexit><latexit sha1_base64="TwKQu5I6W5bc9HOXn7rGty6B3x4=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGtCYD+sNr+nNgVeJX5IGlGgP61+DUUIzyZSlghjT973UBjnRllPBZrVBZlhK6ISMWd9RRSQzQT6/dYbPnDLCUaJdKYvn6u+JnEhjpjJ0nZLY2Cx7hfif189sdB3kXKWZZYouFkWZwDbBxeN4xDWjVkwdIVRzdyumMdGEWhdPzYXgL7+8SroXTd9r+veXjdZNGUcVTuAUzsGHK2jBHbShAxRieIZXeEMSvaB39LForaBy5hj+AH3+AP+rjjI=</latexit><latexit sha1_base64="TwKQu5I6W5bc9HOXn7rGty6B3x4=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGtCYD+sNr+nNgVeJX5IGlGgP61+DUUIzyZSlghjT973UBjnRllPBZrVBZlhK6ISMWd9RRSQzQT6/dYbPnDLCUaJdKYvn6u+JnEhjpjJ0nZLY2Cx7hfif189sdB3kXKWZZYouFkWZwDbBxeN4xDWjVkwdIVRzdyumMdGEWhdPzYXgL7+8SroXTd9r+veXjdZNGUcVTuAUzsGHK2jBHbShAxRieIZXeEMSvaB39LForaBy5hj+AH3+AP+rjjI=</latexit><latexit sha1_base64="TwKQu5I6W5bc9HOXn7rGty6B3x4=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGtCYD+sNr+nNgVeJX5IGlGgP61+DUUIzyZSlghjT973UBjnRllPBZrVBZlhK6ISMWd9RRSQzQT6/dYbPnDLCUaJdKYvn6u+JnEhjpjJ0nZLY2Cx7hfif189sdB3kXKWZZYouFkWZwDbBxeN4xDWjVkwdIVRzdyumMdGEWhdPzYXgL7+8SroXTd9r+veXjdZNGUcVTuAUzsGHK2jBHbShAxRieIZXeEMSvaB39LForaBy5hj+AH3+AP+rjjI=</latexit>

gyro-orbit

U?
<latexit sha1_base64="JlUUq5cqvv/hE5wY7xbvoQ3WkGY=">AAAB7nicbVA9SwNBEJ3zM8avqKXNYhCswp0IWgZtLCN4SSA5wt5mkizZ21t294Rw5EfYWChi6++x89+4Sa7QxAcDj/dmmJkXK8GN9f1vb219Y3Nru7RT3t3bPzisHB03TZpphiFLRarbMTUouMTQciuwrTTSJBbYisd3M7/1hNrwVD7aicIooUPJB5xR66RW2Osq1KpXqfo1fw6ySoKCVKFAo1f56vZTliUoLRPUmE7gKxvlVFvOBE7L3cygomxMh9hxVNIETZTPz52Sc6f0ySDVrqQlc/X3RE4TYyZJ7DoTakdm2ZuJ/3mdzA5uopxLlVmUbLFokAliUzL7nfS5RmbFxBHKNHe3EjaimjLrEiq7EILll1dJ87IW+LXg4apavy3iKMEpnMEFBHANdbiHBoTAYAzP8ApvnvJevHfvY9G65hUzJ/AH3ucPS4uPhw==</latexit><latexit sha1_base64="JlUUq5cqvv/hE5wY7xbvoQ3WkGY=">AAAB7nicbVA9SwNBEJ3zM8avqKXNYhCswp0IWgZtLCN4SSA5wt5mkizZ21t294Rw5EfYWChi6++x89+4Sa7QxAcDj/dmmJkXK8GN9f1vb219Y3Nru7RT3t3bPzisHB03TZpphiFLRarbMTUouMTQciuwrTTSJBbYisd3M7/1hNrwVD7aicIooUPJB5xR66RW2Osq1KpXqfo1fw6ySoKCVKFAo1f56vZTliUoLRPUmE7gKxvlVFvOBE7L3cygomxMh9hxVNIETZTPz52Sc6f0ySDVrqQlc/X3RE4TYyZJ7DoTakdm2ZuJ/3mdzA5uopxLlVmUbLFokAliUzL7nfS5RmbFxBHKNHe3EjaimjLrEiq7EILll1dJ87IW+LXg4apavy3iKMEpnMEFBHANdbiHBoTAYAzP8ApvnvJevHfvY9G65hUzJ/AH3ucPS4uPhw==</latexit><latexit sha1_base64="JlUUq5cqvv/hE5wY7xbvoQ3WkGY=">AAAB7nicbVA9SwNBEJ3zM8avqKXNYhCswp0IWgZtLCN4SSA5wt5mkizZ21t294Rw5EfYWChi6++x89+4Sa7QxAcDj/dmmJkXK8GN9f1vb219Y3Nru7RT3t3bPzisHB03TZpphiFLRarbMTUouMTQciuwrTTSJBbYisd3M7/1hNrwVD7aicIooUPJB5xR66RW2Osq1KpXqfo1fw6ySoKCVKFAo1f56vZTliUoLRPUmE7gKxvlVFvOBE7L3cygomxMh9hxVNIETZTPz52Sc6f0ySDVrqQlc/X3RE4TYyZJ7DoTakdm2ZuJ/3mdzA5uopxLlVmUbLFokAliUzL7nfS5RmbFxBHKNHe3EjaimjLrEiq7EILll1dJ87IW+LXg4apavy3iKMEpnMEFBHANdbiHBoTAYAzP8ApvnvJevHfvY9G65hUzJ/AH3ucPS4uPhw==</latexit><latexit sha1_base64="JlUUq5cqvv/hE5wY7xbvoQ3WkGY=">AAAB7nicbVA9SwNBEJ3zM8avqKXNYhCswp0IWgZtLCN4SSA5wt5mkizZ21t294Rw5EfYWChi6++x89+4Sa7QxAcDj/dmmJkXK8GN9f1vb219Y3Nru7RT3t3bPzisHB03TZpphiFLRarbMTUouMTQciuwrTTSJBbYisd3M7/1hNrwVD7aicIooUPJB5xR66RW2Osq1KpXqfo1fw6ySoKCVKFAo1f56vZTliUoLRPUmE7gKxvlVFvOBE7L3cygomxMh9hxVNIETZTPz52Sc6f0ySDVrqQlc/X3RE4TYyZJ7DoTakdm2ZuJ/3mdzA5uopxLlVmUbLFokAliUzL7nfS5RmbFxBHKNHe3EjaimjLrEiq7EILll1dJ87IW+LXg4apavy3iKMEpnMEFBHANdbiHBoTAYAzP8ApvnvJevHfvY9G65hUzJ/AH3ucPS4uPhw==</latexit>

x/⇢i
<latexit sha1_base64="r3j7St0Fa4kP04HdeC74AOx5Aa0=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKe6KoMegF48RzAOSJcxOZpMh81hnZsWw5Ce8eFDEq7/jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WI9WGKXlvxwkNBR5IFjOCrZPaT2ddPVQ91itX/Ko/A1omQU4qkKPeK391+4qkgkpLODamE/iJDTOsLSOcTkrd1NAEkxEe0I6jEgtqwmx27wSdOKWPYqVdSYtm6u+JDAtjxiJynQLboVn0puJ/Xie18VWYMZmklkoyXxSnHFmFps+jPtOUWD52BBPN3K2IDLHGxLqISi6EYPHlZdI8rwZ+Nbi7qNSu8ziKcATHcAoBXEINbqEODSDA4Rle4c178F68d+9j3lrw8plD+APv8wfnxY/e</latexit><latexit sha1_base64="r3j7St0Fa4kP04HdeC74AOx5Aa0=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKe6KoMegF48RzAOSJcxOZpMh81hnZsWw5Ce8eFDEq7/jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WI9WGKXlvxwkNBR5IFjOCrZPaT2ddPVQ91itX/Ko/A1omQU4qkKPeK391+4qkgkpLODamE/iJDTOsLSOcTkrd1NAEkxEe0I6jEgtqwmx27wSdOKWPYqVdSYtm6u+JDAtjxiJynQLboVn0puJ/Xie18VWYMZmklkoyXxSnHFmFps+jPtOUWD52BBPN3K2IDLHGxLqISi6EYPHlZdI8rwZ+Nbi7qNSu8ziKcATHcAoBXEINbqEODSDA4Rle4c178F68d+9j3lrw8plD+APv8wfnxY/e</latexit><latexit sha1_base64="r3j7St0Fa4kP04HdeC74AOx5Aa0=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKe6KoMegF48RzAOSJcxOZpMh81hnZsWw5Ce8eFDEq7/jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WI9WGKXlvxwkNBR5IFjOCrZPaT2ddPVQ91itX/Ko/A1omQU4qkKPeK391+4qkgkpLODamE/iJDTOsLSOcTkrd1NAEkxEe0I6jEgtqwmx27wSdOKWPYqVdSYtm6u+JDAtjxiJynQLboVn0puJ/Xie18VWYMZmklkoyXxSnHFmFps+jPtOUWD52BBPN3K2IDLHGxLqISi6EYPHlZdI8rwZ+Nbi7qNSu8ziKcATHcAoBXEINbqEODSDA4Rle4c178F68d+9j3lrw8plD+APv8wfnxY/e</latexit><latexit sha1_base64="r3j7St0Fa4kP04HdeC74AOx5Aa0=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKe6KoMegF48RzAOSJcxOZpMh81hnZsWw5Ce8eFDEq7/jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WI9WGKXlvxwkNBR5IFjOCrZPaT2ddPVQ91itX/Ko/A1omQU4qkKPeK391+4qkgkpLODamE/iJDTOsLSOcTkrd1NAEkxEe0I6jEgtqwmx27wSdOKWPYqVdSYtm6u+JDAtjxiJynQLboVn0puJ/Xie18VWYMZmklkoyXxSnHFmFps+jPtOUWD52BBPN3K2IDLHGxLqISi6EYPHlZdI8rwZ+Nbi7qNSu8ziKcATHcAoBXEINbqEODSDA4Rle4c178F68d+9j3lrw8plD+APv8wfnxY/e</latexit>



Final motion
n Orbits move towards wall along B (           )
n U⊥ decreases because U = constant and     
vz ≃ v|| increases due to E acceleration
q Obtain U⊥ from adiabatic invariant #

n E�B drift in y-direction

7

˙̄
x < 0
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Solving quasineutrality
n Constant energy U and magnetic moment !

q fi (!, U) is given by ions entering the presheath
n Find " using quasineutrality

q Maxwell-Boltzmann electron response valid for 
electron repelling wall
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Limits depend on U and !



Far away from the wall
n Force balance along B

n E�B drift increases towards the wall

n Expand in ! << 1 ⇒ kinetic Chodura condition

q Need enough || momentum to start presheath! 
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Presheath entrance fi
n So far, tried only fi that marginally satisfies 

kinetic Chodura condition

q Number of particles with small v|| determined by 
Chodura condition
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5.3. Zero ion temperature limit
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Figure 5.4: �e distributions of the component v
z

of the ion velocity at the magnetic
presheath entrance x ! 1 (top) and the component v

x

of the velocity at the Debye
sheath entrance x = 0 (bo�om) are shown for ↵ = 0.05 for three di�erent values of the
parameter ⌧ , labelled next to the corresponding curve. �e velocities are normalized to
vt,i on the le� diagrams and to vB on the right diagrams. Magnetized ions at the magnetic
presheath entrance move parallel to the magnetic �eld. Hence, v

z

is responsible for the
�ow of ions to the wall. At the Debye sheath entrance, the ion �ow towards the wall
is determined by |v

x

|. �e red dashed lines on the le� diagrams are the distribution
functions in the limit ⌧ ! 1. �e blue vertical dashed lines on the right diagrams are
the cold ion distribution functions, ⌧ = 0.

the ion velocity v with the ion �uid velocity u and using u
x

= ẋ to write ˙

u = u
x

u

0

(thus changing the time derivative of every velocity component to a spatial derivative).

�e �uid velocity at x ! 1 is denoted u1. Equations (5.16)-(5.18) are solved using the
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Near the wall
n Eventually, particles reach the wall

n Particles spend zero time in “open” orbit
⇒ density must be calculated to higher order
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<latexit sha1_base64="iqfpb82Y+SQdqBUMeP31irgT0PA=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJWkCHosevFYwX5AE8tmu2mXbjZhd1IoIeBf8eJBEa/+Dm/+G7dtDtr6YODx3gwz84JEcA2O822V1tY3NrfK25Wd3b39A/vwqK3jVFHWorGIVTcgmgkuWQs4CNZNFCNRIFgnGN/O/M6EKc1j+QDThPkRGUoeckrASH37xAsVoZlHRzzPJv0MeP5Yz/t21ak5c+BV4hakigo0+/aXN4hpGjEJVBCte66TgJ8RBZwKlle8VLOE0DEZsp6hkkRM+9n8/ByfG2WAw1iZkoDn6u+JjERaT6PAdEYERnrZm4n/eb0Uwms/4zJJgUm6WBSmAkOMZ1ngAVeMgpgaQqji5lZMR8TkASaxignBXX55lbTrNdepufeX1cZNEUcZnaIzdIFcdIUa6A41UQtRlKFn9IrerCfrxXq3PhatJauYOUZ/YH3+ABGWli8=</latexit><latexit sha1_base64="iqfpb82Y+SQdqBUMeP31irgT0PA=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJWkCHosevFYwX5AE8tmu2mXbjZhd1IoIeBf8eJBEa/+Dm/+G7dtDtr6YODx3gwz84JEcA2O822V1tY3NrfK25Wd3b39A/vwqK3jVFHWorGIVTcgmgkuWQs4CNZNFCNRIFgnGN/O/M6EKc1j+QDThPkRGUoeckrASH37xAsVoZlHRzzPJv0MeP5Yz/t21ak5c+BV4hakigo0+/aXN4hpGjEJVBCte66TgJ8RBZwKlle8VLOE0DEZsp6hkkRM+9n8/ByfG2WAw1iZkoDn6u+JjERaT6PAdEYERnrZm4n/eb0Uwms/4zJJgUm6WBSmAkOMZ1ngAVeMgpgaQqji5lZMR8TkASaxignBXX55lbTrNdepufeX1cZNEUcZnaIzdIFcdIUa6A41UQtRlKFn9IrerCfrxXq3PhatJauYOUZ/YH3+ABGWli8=</latexit><latexit sha1_base64="iqfpb82Y+SQdqBUMeP31irgT0PA=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJWkCHosevFYwX5AE8tmu2mXbjZhd1IoIeBf8eJBEa/+Dm/+G7dtDtr6YODx3gwz84JEcA2O822V1tY3NrfK25Wd3b39A/vwqK3jVFHWorGIVTcgmgkuWQs4CNZNFCNRIFgnGN/O/M6EKc1j+QDThPkRGUoeckrASH37xAsVoZlHRzzPJv0MeP5Yz/t21ak5c+BV4hakigo0+/aXN4hpGjEJVBCte66TgJ8RBZwKlle8VLOE0DEZsp6hkkRM+9n8/ByfG2WAw1iZkoDn6u+JjERaT6PAdEYERnrZm4n/eb0Uwms/4zJJgUm6WBSmAkOMZ1ngAVeMgpgaQqji5lZMR8TkASaxignBXX55lbTrNdepufeX1cZNEUcZnaIzdIFcdIUa6A41UQtRlKFn9IrerCfrxXq3PhatJauYOUZ/YH3+ABGWli8=</latexit><latexit sha1_base64="iqfpb82Y+SQdqBUMeP31irgT0PA=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJWkCHosevFYwX5AE8tmu2mXbjZhd1IoIeBf8eJBEa/+Dm/+G7dtDtr6YODx3gwz84JEcA2O822V1tY3NrfK25Wd3b39A/vwqK3jVFHWorGIVTcgmgkuWQs4CNZNFCNRIFgnGN/O/M6EKc1j+QDThPkRGUoeckrASH37xAsVoZlHRzzPJv0MeP5Yz/t21ak5c+BV4hakigo0+/aXN4hpGjEJVBCte66TgJ8RBZwKlle8VLOE0DEZsp6hkkRM+9n8/ByfG2WAw1iZkoDn6u+JjERaT6PAdEYERnrZm4n/eb0Uwms/4zJJgUm6WBSmAkOMZ1ngAVeMgpgaQqji5lZMR8TkASaxignBXX55lbTrNdepufeX1cZNEUcZnaIzdIFcdIUa6A41UQtRlKFn9IrerCfrxXq3PhatJauYOUZ/YH3+ABGWli8=</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

U?
<latexit sha1_base64="JlUUq5cqvv/hE5wY7xbvoQ3WkGY=">AAAB7nicbVA9SwNBEJ3zM8avqKXNYhCswp0IWgZtLCN4SSA5wt5mkizZ21t294Rw5EfYWChi6++x89+4Sa7QxAcDj/dmmJkXK8GN9f1vb219Y3Nru7RT3t3bPzisHB03TZpphiFLRarbMTUouMTQciuwrTTSJBbYisd3M7/1hNrwVD7aicIooUPJB5xR66RW2Osq1KpXqfo1fw6ySoKCVKFAo1f56vZTliUoLRPUmE7gKxvlVFvOBE7L3cygomxMh9hxVNIETZTPz52Sc6f0ySDVrqQlc/X3RE4TYyZJ7DoTakdm2ZuJ/3mdzA5uopxLlVmUbLFokAliUzL7nfS5RmbFxBHKNHe3EjaimjLrEiq7EILll1dJ87IW+LXg4apavy3iKMEpnMEFBHANdbiHBoTAYAzP8ApvnvJevHfvY9G65hUzJ/AH3ucPS4uPhw==</latexit><latexit sha1_base64="JlUUq5cqvv/hE5wY7xbvoQ3WkGY=">AAAB7nicbVA9SwNBEJ3zM8avqKXNYhCswp0IWgZtLCN4SSA5wt5mkizZ21t294Rw5EfYWChi6++x89+4Sa7QxAcDj/dmmJkXK8GN9f1vb219Y3Nru7RT3t3bPzisHB03TZpphiFLRarbMTUouMTQciuwrTTSJBbYisd3M7/1hNrwVD7aicIooUPJB5xR66RW2Osq1KpXqfo1fw6ySoKCVKFAo1f56vZTliUoLRPUmE7gKxvlVFvOBE7L3cygomxMh9hxVNIETZTPz52Sc6f0ySDVrqQlc/X3RE4TYyZJ7DoTakdm2ZuJ/3mdzA5uopxLlVmUbLFokAliUzL7nfS5RmbFxBHKNHe3EjaimjLrEiq7EILll1dJ87IW+LXg4apavy3iKMEpnMEFBHANdbiHBoTAYAzP8ApvnvJevHfvY9G65hUzJ/AH3ucPS4uPhw==</latexit><latexit sha1_base64="JlUUq5cqvv/hE5wY7xbvoQ3WkGY=">AAAB7nicbVA9SwNBEJ3zM8avqKXNYhCswp0IWgZtLCN4SSA5wt5mkizZ21t294Rw5EfYWChi6++x89+4Sa7QxAcDj/dmmJkXK8GN9f1vb219Y3Nru7RT3t3bPzisHB03TZpphiFLRarbMTUouMTQciuwrTTSJBbYisd3M7/1hNrwVD7aicIooUPJB5xR66RW2Osq1KpXqfo1fw6ySoKCVKFAo1f56vZTliUoLRPUmE7gKxvlVFvOBE7L3cygomxMh9hxVNIETZTPz52Sc6f0ySDVrqQlc/X3RE4TYyZJ7DoTakdm2ZuJ/3mdzA5uopxLlVmUbLFokAliUzL7nfS5RmbFxBHKNHe3EjaimjLrEiq7EILll1dJ87IW+LXg4apavy3iKMEpnMEFBHANdbiHBoTAYAzP8ApvnvJevHfvY9G65hUzJ/AH3ucPS4uPhw==</latexit><latexit sha1_base64="JlUUq5cqvv/hE5wY7xbvoQ3WkGY=">AAAB7nicbVA9SwNBEJ3zM8avqKXNYhCswp0IWgZtLCN4SSA5wt5mkizZ21t294Rw5EfYWChi6++x89+4Sa7QxAcDj/dmmJkXK8GN9f1vb219Y3Nru7RT3t3bPzisHB03TZpphiFLRarbMTUouMTQciuwrTTSJBbYisd3M7/1hNrwVD7aicIooUPJB5xR66RW2Osq1KpXqfo1fw6ySoKCVKFAo1f56vZTliUoLRPUmE7gKxvlVFvOBE7L3cygomxMh9hxVNIETZTPz52Sc6f0ySDVrqQlc/X3RE4TYyZJ7DoTakdm2ZuJ/3mdzA5uopxLlVmUbLFokAliUzL7nfS5RmbFxBHKNHe3EjaimjLrEiq7EILll1dJ87IW+LXg4apavy3iKMEpnMEFBHANdbiHBoTAYAzP8ApvnvJevHfvY9G65hUzJ/AH3ucPS4uPhw==</latexit>

x̄

<latexit sha1_base64="4cdZ5vOK4ofFSuvTkgD2G+I3WXc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt0swm7E7GE/ggvHhTx6u/x5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJpwP6IjJULBKFqp0w+ozp5mg2rNrbtzkFXiFaQGBZqD6ld/GLM04gqZpMb0PDdBP6MaBZN8VumnhieUTeiI9yxVNOLGz+bnzsiZVYYkjLUthWSu/p7IaGTMNApsZ0RxbJa9XPzP66UYXvuZUEmKXLHFojCVBGOS/06GQnOGcmoJZVrYWwkbU00Z2oQqNgRv+eVV0r6oe27du7+sNW6KOMpwAqdwDh5cQQPuoAktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB6P4j8E=</latexit><latexit sha1_base64="4cdZ5vOK4ofFSuvTkgD2G+I3WXc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt0swm7E7GE/ggvHhTx6u/x5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJpwP6IjJULBKFqp0w+ozp5mg2rNrbtzkFXiFaQGBZqD6ld/GLM04gqZpMb0PDdBP6MaBZN8VumnhieUTeiI9yxVNOLGz+bnzsiZVYYkjLUthWSu/p7IaGTMNApsZ0RxbJa9XPzP66UYXvuZUEmKXLHFojCVBGOS/06GQnOGcmoJZVrYWwkbU00Z2oQqNgRv+eVV0r6oe27du7+sNW6KOMpwAqdwDh5cQQPuoAktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB6P4j8E=</latexit><latexit sha1_base64="4cdZ5vOK4ofFSuvTkgD2G+I3WXc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt0swm7E7GE/ggvHhTx6u/x5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJpwP6IjJULBKFqp0w+ozp5mg2rNrbtzkFXiFaQGBZqD6ld/GLM04gqZpMb0PDdBP6MaBZN8VumnhieUTeiI9yxVNOLGz+bnzsiZVYYkjLUthWSu/p7IaGTMNApsZ0RxbJa9XPzP66UYXvuZUEmKXLHFojCVBGOS/06GQnOGcmoJZVrYWwkbU00Z2oQqNgRv+eVV0r6oe27du7+sNW6KOMpwAqdwDh5cQQPuoAktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB6P4j8E=</latexit><latexit sha1_base64="4cdZ5vOK4ofFSuvTkgD2G+I3WXc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt0swm7E7GE/ggvHhTx6u/x5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJpwP6IjJULBKFqp0w+ozp5mg2rNrbtzkFXiFaQGBZqD6ld/GLM04gqZpMb0PDdBP6MaBZN8VumnhieUTeiI9yxVNOLGz+bnzsiZVYYkjLUthWSu/p7IaGTMNApsZ0RxbJa9XPzP66UYXvuZUEmKXLHFojCVBGOS/06GQnOGcmoJZVrYWwkbU00Z2oQqNgRv+eVV0r6oe27du7+sNW6KOMpwAqdwDh5cQQPuoAktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB6P4j8E=</latexit>

U? = �M
<latexit sha1_base64="EMJqh2aJgoy1rj1pwkRWqs7DOcA=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0ItQ9OJFqGDaQhPCZjtpl242YXdTKKH/xIsHRbz6T7z5b9y2OWjrg4HHezPMzIsyzpR2nG+rsra+sblV3a7t7O7tH9iHR22V5pKCR1Oeym5EFHAmwNNMc+hmEkgScehEo7uZ3xmDVCwVT3qSQZCQgWAxo0QbKbRtL/QzkBm+wT4dsvAhtOtOw5kDrxK3JHVUohXaX34/pXkCQlNOlOq5TqaDgkjNKIdpzc8VZISOyAB6hgqSgAqK+eVTfGaUPo5TaUpoPFd/TxQkUWqSRKYzIXqolr2Z+J/Xy3V8HRRMZLkGQReL4pxjneJZDLjPJFDNJ4YQKpm5FdMhkYRqE1bNhOAuv7xK2hcN12m4j5f15m0ZRxWdoFN0jlx0hZroHrWQhygao2f0it6swnqx3q2PRWvFKmeO0R9Ynz9TAJLL</latexit><latexit sha1_base64="EMJqh2aJgoy1rj1pwkRWqs7DOcA=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0ItQ9OJFqGDaQhPCZjtpl242YXdTKKH/xIsHRbz6T7z5b9y2OWjrg4HHezPMzIsyzpR2nG+rsra+sblV3a7t7O7tH9iHR22V5pKCR1Oeym5EFHAmwNNMc+hmEkgScehEo7uZ3xmDVCwVT3qSQZCQgWAxo0QbKbRtL/QzkBm+wT4dsvAhtOtOw5kDrxK3JHVUohXaX34/pXkCQlNOlOq5TqaDgkjNKIdpzc8VZISOyAB6hgqSgAqK+eVTfGaUPo5TaUpoPFd/TxQkUWqSRKYzIXqolr2Z+J/Xy3V8HRRMZLkGQReL4pxjneJZDLjPJFDNJ4YQKpm5FdMhkYRqE1bNhOAuv7xK2hcN12m4j5f15m0ZRxWdoFN0jlx0hZroHrWQhygao2f0it6swnqx3q2PRWvFKmeO0R9Ynz9TAJLL</latexit><latexit sha1_base64="EMJqh2aJgoy1rj1pwkRWqs7DOcA=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0ItQ9OJFqGDaQhPCZjtpl242YXdTKKH/xIsHRbz6T7z5b9y2OWjrg4HHezPMzIsyzpR2nG+rsra+sblV3a7t7O7tH9iHR22V5pKCR1Oeym5EFHAmwNNMc+hmEkgScehEo7uZ3xmDVCwVT3qSQZCQgWAxo0QbKbRtL/QzkBm+wT4dsvAhtOtOw5kDrxK3JHVUohXaX34/pXkCQlNOlOq5TqaDgkjNKIdpzc8VZISOyAB6hgqSgAqK+eVTfGaUPo5TaUpoPFd/TxQkUWqSRKYzIXqolr2Z+J/Xy3V8HRRMZLkGQReL4pxjneJZDLjPJFDNJ4YQKpm5FdMhkYRqE1bNhOAuv7xK2hcN12m4j5f15m0ZRxWdoFN0jlx0hZroHrWQhygao2f0it6swnqx3q2PRWvFKmeO0R9Ynz9TAJLL</latexit><latexit sha1_base64="EMJqh2aJgoy1rj1pwkRWqs7DOcA=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0ItQ9OJFqGDaQhPCZjtpl242YXdTKKH/xIsHRbz6T7z5b9y2OWjrg4HHezPMzIsyzpR2nG+rsra+sblV3a7t7O7tH9iHR22V5pKCR1Oeym5EFHAmwNNMc+hmEkgScehEo7uZ3xmDVCwVT3qSQZCQgWAxo0QbKbRtL/QzkBm+wT4dsvAhtOtOw5kDrxK3JHVUohXaX34/pXkCQlNOlOq5TqaDgkjNKIdpzc8VZISOyAB6hgqSgAqK+eVTfGaUPo5TaUpoPFd/TxQkUWqSRKYzIXqolr2Z+J/Xy3V8HRRMZLkGQReL4pxjneJZDLjPJFDNJ4YQKpm5FdMhkYRqE1bNhOAuv7xK2hcN12m4j5f15m0ZRxWdoFN0jlx0hZroHrWQhygao2f0it6swnqx3q2PRWvFKmeO0R9Ynz9TAJLL</latexit>

E force + centrifugal force > B force



“Open” orbit density
n Calculate the range of “open” orbits

q Blue trajectory: vx = 0– at xM
q Red trajectory: vx = 0+ at xM

12

x/⇢i
<latexit sha1_base64="r3j7St0Fa4kP04HdeC74AOx5Aa0=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKe6KoMegF48RzAOSJcxOZpMh81hnZsWw5Ce8eFDEq7/jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WI9WGKXlvxwkNBR5IFjOCrZPaT2ddPVQ91itX/Ko/A1omQU4qkKPeK391+4qkgkpLODamE/iJDTOsLSOcTkrd1NAEkxEe0I6jEgtqwmx27wSdOKWPYqVdSYtm6u+JDAtjxiJynQLboVn0puJ/Xie18VWYMZmklkoyXxSnHFmFps+jPtOUWD52BBPN3K2IDLHGxLqISi6EYPHlZdI8rwZ+Nbi7qNSu8ziKcATHcAoBXEINbqEODSDA4Rle4c178F68d+9j3lrw8plD+APv8wfnxY/e</latexit><latexit sha1_base64="r3j7St0Fa4kP04HdeC74AOx5Aa0=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKe6KoMegF48RzAOSJcxOZpMh81hnZsWw5Ce8eFDEq7/jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WI9WGKXlvxwkNBR5IFjOCrZPaT2ddPVQ91itX/Ko/A1omQU4qkKPeK391+4qkgkpLODamE/iJDTOsLSOcTkrd1NAEkxEe0I6jEgtqwmx27wSdOKWPYqVdSYtm6u+JDAtjxiJynQLboVn0puJ/Xie18VWYMZmklkoyXxSnHFmFps+jPtOUWD52BBPN3K2IDLHGxLqISi6EYPHlZdI8rwZ+Nbi7qNSu8ziKcATHcAoBXEINbqEODSDA4Rle4c178F68d+9j3lrw8plD+APv8wfnxY/e</latexit><latexit sha1_base64="r3j7St0Fa4kP04HdeC74AOx5Aa0=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKe6KoMegF48RzAOSJcxOZpMh81hnZsWw5Ce8eFDEq7/jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WI9WGKXlvxwkNBR5IFjOCrZPaT2ddPVQ91itX/Ko/A1omQU4qkKPeK391+4qkgkpLODamE/iJDTOsLSOcTkrd1NAEkxEe0I6jEgtqwmx27wSdOKWPYqVdSYtm6u+JDAtjxiJynQLboVn0puJ/Xie18VWYMZmklkoyXxSnHFmFps+jPtOUWD52BBPN3K2IDLHGxLqISi6EYPHlZdI8rwZ+Nbi7qNSu8ziKcATHcAoBXEINbqEODSDA4Rle4c178F68d+9j3lrw8plD+APv8wfnxY/e</latexit><latexit sha1_base64="r3j7St0Fa4kP04HdeC74AOx5Aa0=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKe6KoMegF48RzAOSJcxOZpMh81hnZsWw5Ce8eFDEq7/jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WI9WGKXlvxwkNBR5IFjOCrZPaT2ddPVQ91itX/Ko/A1omQU4qkKPeK391+4qkgkpLODamE/iJDTOsLSOcTkrd1NAEkxEe0I6jEgtqwmx27wSdOKWPYqVdSYtm6u+JDAtjxiJynQLboVn0puJ/Xie18VWYMZmklkoyXxSnHFmFps+jPtOUWD52BBPN3K2IDLHGxLqISi6EYPHlZdI8rwZ+Nbi7qNSu8ziKcATHcAoBXEINbqEODSDA4Rle4c178F68d+9j3lrw8plD+APv8wfnxY/e</latexit>
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Potential near the wall
n E always dominates in region near the wall

q E diverges at the wall:
⇒ Debye sheath entrance

q Bohm condition satisfied: 
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Total density
n Small crucial contribution from “open” orbits

q Open orbit density small by ! << 1 because ions 
spend short time in this part of the orbit
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Figure 4.8: �e ion density (solid line) for ↵ = 0.02 and ↵ = 0.1 is shown with the
contributions from the closed ion orbits (dashed line) and the open orbits (do�ed line)
clearly marked. �e open orbits clearly dominate in a very small region near x = 0,
there is an overlap region in which the open orbit contribution and the closed orbit
contribution have a similar size, while at larger values of x the closed orbit density
dominates.

x = 0, with the scaling �(x) � �(0) /
p
x/q

2

in that region (as can be seen explicitly

in Figure 4.2). I have shown that this behaviour of �(x) is expected, and it is connected

with the marginal kinetic Bohm condition (4.61) being satis�ed. �e value of q
2

that I

calculate numerically from the distribution function at x = 0, using equation (4.67), is

consistent with the behaviour of the electrostatic potential near x = 0.

�e ion density pro�les for ↵ = 0.02 and ↵ = 0.1 are shown in Figure 4.8. �e open

orbit density can be seen to initially increase and then quickly decrease with distance

from the wall. �is behaviour is consistent with the behaviour of �v
x

for type II orbits

(see Figure 3.3 and the discussion following equation (3.37)). �e open orbit density is

clearly the dominant contribution to the density in the neighbourhood of x = 0, while

for large x closed orbits give the largest contribution.

�e �ow velocity of ions across the magnetic presheath is commonly calculated in

�uid models. �erefore, it is useful to calculate it to compare with previous results.
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Potential profile in the presheath
n Scans in ! and " = Ti /Te

q e#/Te ~ ln ! because e#/Te ~ ln (ni,open /ni∞)
q e# smaller for large " because e# ~ Te and hence 

more magnetized particles reach the wall
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Figure 5.1: �e electrostatic potential drop across the magnetic presheath � (0) is shown
as a function of the angle ↵ and the parameter ⌧ . �e region where ↵ . p

⌧
p
m

e

/m
i

,
and therefore the ordering (4.2) breaks down, is shaded.

Figure 5.2: Electrostatic potential for ↵ = 0.05 at di�erent values of ⌧ , marked on the
curves.
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4.6. Numerical results

tion (4.82) is used to obtain a discretized version of the distribution function Fcl(µ, U),

de�ned on a square grid of values of 2⌦µ/v2t,i and 2U/v2t,i which lie between 0 and

15.0 in intervals of 0.05. For the distribution function (4.82), I de�ne the ion ther-

mal velocity vt,i =
p
2Te/mi and the ion gyroradius ⇢i = vt,i/⌦. �e Bohm speed is

vB =

p
Te/mi = vt,i/

p
2. �e distribution function (4.80) marginally satis�es the solv-

ability condition (4.28), and the coe�cient k
3/2

can be computed from (4.30), obtaining
r

Te

e

⇣vB
⌦

⌘
2

k
3/2

=

8

3

p
⇡

' 1.50. (4.83)

�e numerically calculated value of k
3/2

coincides (to within a numerical error of

2%) with equation (4.83). �e average ion velocity in the z direction at the magnetic

presheath entrance is

u
z1 =

1

ne1

Z
f1 (v) v

z

d3v = 2

r
2

⇡
vB ' 1.60vB. (4.84)
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Figure 4.7: �e electrostatic potential pro�le is plo�ed for a range of angles ↵, which are
indicated next to the corresponding curve. Near x = 0, �(x) � �(0) /

p
x.

�e normalized electrostatic potential e�(x)/Te is shown in Figure 4.7 for a range of

angles ↵. A general property of the potential curves is that they rise very steeply near

81

= ↵
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Distribution functions
n Particles are accelerated toward the wall

q Width of fi decreases for decreasing !
n Unexplained but ”open” orbit "vx ~ !vti contributes

q Width of fi weakly dependent on Ti
n Energetic ions are not accelerated much for e# ~ Te
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4.6. Numerical results
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Figure 4.10: �e distribution function f
0x
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) =

R 1
�1 dv

y

R 1
�1 f

0

(v
x

, v
y

, v
z

) dv
z

for a
range of angles ↵, marked next to the corresponding curve.

changes signi�cantly [30]. �erefore, only knowledge of the function

f
0x

(v
x

) =

Z 1

�1
dv

y

Z 1

�1
f
0

(v
x

, v
y

, v
z

) dv
z

'
Z 1

x̄m,o

⌦dx̄

Z 1

�M(x̄)

Fcl (µ (x̄,�
M

(x̄)) , U)

Vk (�M (x̄) , U)

⇥ ˆ

⇧ (v
x

,�V
x

(0, x̄,�M) � �v
x

,�V
x

(0, x̄,�M)) dU (4.90)

is needed to solve for the electrostatic potential in the Debye sheath. �e distribution

f
0x

(v
x

) is shown in Figure 4.10 for a range of angles ↵. A general feature of this function

is that it is very close to zero near v
x

= 0. �is is expected from the discussion in

Section 4.4, where I concluded that there is an exponentially small number of ions with

small values of v
x

if the distribution function Fcl decays exponentially at large energy

U . Another pronounced feature of Figure 4.10 is that the distribution function becomes

narrower with decreasing ↵. For the cases ↵ = 0.01 and ↵ = 0.02, the distribution

function is thin, approximately symmetric and centred at the Bohm speed vB. For all

angles ↵, the marginal form of the kinetic Bohm condition (4.61) is found to be satis�ed,

85

5.3. Zero ion temperature limit
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Figure 5.4: �e distributions of the component v
z

of the ion velocity at the magnetic
presheath entrance x ! 1 (top) and the component v

x

of the velocity at the Debye
sheath entrance x = 0 (bo�om) are shown for ↵ = 0.05 for three di�erent values of the
parameter ⌧ , labelled next to the corresponding curve. �e velocities are normalized to
vt,i on the le� diagrams and to vB on the right diagrams. Magnetized ions at the magnetic
presheath entrance move parallel to the magnetic �eld. Hence, v

z

is responsible for the
�ow of ions to the wall. At the Debye sheath entrance, the ion �ow towards the wall
is determined by |v

x

|. �e red dashed lines on the le� diagrams are the distribution
functions in the limit ⌧ ! 1. �e blue vertical dashed lines on the right diagrams are
the cold ion distribution functions, ⌧ = 0.

the ion velocity v with the ion �uid velocity u and using u
x

= ẋ to write ˙

u = u
x

u

0

(thus changing the time derivative of every velocity component to a spatial derivative).

�e �uid velocity at x ! 1 is denoted u1. Equations (5.16)-(5.18) are solved using the
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n y-direction E�B drift increases near the wall 
n Ion acceleration along B (≃ z)
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f∞yz(vy, vz) / max(f∞yz) f0yz(vy, vz) / max(f0yz)
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5

Figure 5.5: �e ion distribution functions f1yz

(v
y

, v
z

) (le�) and f
0yz

(v
y

, v
z

) (right) for
↵ = 0.05 and, from top to bo�om, for ⌧ = 0.2, ⌧ = 1, ⌧ = 5 and ⌧ = 1 (see section
5.4). �e Bohm speed vB/vt,i = 1/

p
2⌧ is marked as a horizontal line in all panels, and

also as a vertical line on the right panels.

boundary conditions of a �ow that is aligned with the magnetic �eld,

u1 =

0

BBBB@

u
x1

u
y1

u
z1

1

CCCCA
=

0

BBBB@

�u1 sin↵

0

u1 cos↵

1

CCCCA
. (5.19)
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