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Plasma Parameter Space



Super quick math review: fields
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• Scalar fields:  Every point in space is 
associated with a given value.

§Vector fields:  Every point in space is 
associated with a given vector.

For example: Temperature For example: Wind velocity



Super quick math review: Vector calculus
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r · ~V > 0
<latexit sha1_base64="ixctVs1kEZZC+vHoFUtjIvpvMGE=">AAAB/XicbVDLSsNAFL2pr1pf8bFzEyyCq5JUQVdSdOOygn1AE8pkMm2HTmbCzKRQQ/FX3LhQxK3/4c6/cdpmoa0HLhzOuZd77wkTRpV23W+rsLK6tr5R3Cxtbe/s7tn7B00lUolJAwsmZDtEijDKSUNTzUg7kQTFISOtcHg79VsjIhUV/EGPExLEqM9pj2KkjdS1j3yOQoZ8HAntjwjOmpNrt2uX3Yo7g7NMvJyUIUe9a3/5kcBpTLjGDCnV8dxEBxmSmmJGJiU/VSRBeIj6pGMoRzFRQTa7fuKcGiVyekKa4tqZqb8nMhQrNY5D0xkjPVCL3lT8z+ukuncVZJQnqSYczxf1UuZo4UyjcCIqCdZsbAjCkppbHTxAEmFtAiuZELzFl5dJs1rxzivV+4ty7SaPowjHcAJn4MEl1OAO6tAADI/wDK/wZj1ZL9a79TFvLVj5zCH8gfX5A2RIlS0=</latexit>

r⇥ ~V 6= 0
<latexit sha1_base64="ce/4o2KPNGxBRdm+O/O6IhP/OYs=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL4tF8FSSKuix6MVjBfsBTSib7aRdutnE3U2hhHrxr3jxoIhX/4U3/43bNgdtfTDweG+GmXlBwpnSjvNtFVZW19Y3ipulre2d3T17/6Cp4lRSaNCYx7IdEAWcCWhopjm0EwkkCji0guHN1G+NQCoWi3s9TsCPSF+wkFGijdS1jzxBAk48zSJQ3gho1px4Ah6crl12Ks4MeJm4OSmjHPWu/eX1YppGIDTlRKmO6yTaz4jUjHKYlLxUQULokPShY6ggZqGfzT6Y4FOj9HAYS1NC45n6eyIjkVLjKDCdEdEDtehNxf+8TqrDKz9jIkk1CDpfFKYc6xhP48A9JoFqPjaEUMnMrZgOiCRUm9BKJgR38eVl0qxW3PNK9e6iXLvO4yiiY3SCzpCLLlEN3aI6aiCKHtEzekVv1pP1Yr1bH/PWgpXPHKI/sD5/AOtcly8=</latexit>

rH
<latexit sha1_base64="g9NqFb6R2dm9j391tiL9nnT0o3o=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj00mMF+wFtKJPtpl262cTdjVBC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVlDVpLGLVCVAzwSVrGm4E6ySKYRQI1g7GdzO//cSU5rF8MJOE+REOJQ85RWOlTk9iIJDU+6WyW3HnIKvEy0kZcjT6pa/eIKZpxKShArXuem5i/AyV4VSwabGXapYgHeOQdS2VGDHtZ/N7p+TcKgMSxsqWNGSu/p7IMNJ6EgW2M0Iz0sveTPzP66YmvPEzLpPUMEkXi8JUEBOT2fNkwBWjRkwsQaq4vZXQESqkxkZUtCF4yy+vkla14l1WqvdX5dptHkcBTuEMLsCDa6hBHRrQBAoCnuEV3pxH58V5dz4WrWtOPnMCf+B8/gBtC4+Q</latexit>

r · (rH) = r2
H > 0

<latexit sha1_base64="6nUnI+fn4tP0+5c4aZdK+XOjxVk=">AAACDXicbZC7TsMwFIadcivlFmBksShIZamSggQLqIKlY5HoRWpC5ThOa9WxI9tBqqq+AAuvwsIAQqzsbLwNbpsBWn7J0uf/nCP7/EHCqNKO823llpZXVtfy64WNza3tHXt3r6lEKjFpYMGEbAdIEUY5aWiqGWknkqA4YKQVDG4m9dYDkYoKfqeHCfFj1OM0ohhpY3XtI4+jgCHo4VBoWMputZPLGd1XYO3K6dpFp+xMBRfBzaAIMtW79pcXCpzGhGvMkFId10m0P0JSU8zIuOCliiQID1CPdAxyFBPlj6bbjOGxcUIYCWkO13Dq/p4YoVipYRyYzhjpvpqvTcz/ap1URxf+iPIk1YTj2UNRyqAWcBINDKkkWLOhAYQlNX+FuI8kwtoEWDAhuPMrL0KzUnZPy5Xbs2L1OosjDw7AISgBF5yDKqiBOmgADB7BM3gFb9aT9WK9Wx+z1pyVzeyDP7I+fwBMi5nH</latexit>

H
<latexit sha1_base64="OmnsBIcI7uL9xT1nnclacUzB0Hk=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELxwhkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj+7nffkKleSwfzCRBP6JDyUPOqLFSo9YvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia89adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyd1WuNK5L1bssjjycwTlcggc3UIUa1KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AJ7HjNA=</latexit>

H
<latexit sha1_base64="OmnsBIcI7uL9xT1nnclacUzB0Hk=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELxwhkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj+7nffkKleSwfzCRBP6JDyUPOqLFSo9YvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia89adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyd1WuNK5L1bssjjycwTlcggc3UIUa1KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AJ7HjNA=</latexit>

rH
<latexit sha1_base64="g9NqFb6R2dm9j391tiL9nnT0o3o=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj00mMF+wFtKJPtpl262cTdjVBC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVlDVpLGLVCVAzwSVrGm4E6ySKYRQI1g7GdzO//cSU5rF8MJOE+REOJQ85RWOlTk9iIJDU+6WyW3HnIKvEy0kZcjT6pa/eIKZpxKShArXuem5i/AyV4VSwabGXapYgHeOQdS2VGDHtZ/N7p+TcKgMSxsqWNGSu/p7IMNJ6EgW2M0Iz0sveTPzP66YmvPEzLpPUMEkXi8JUEBOT2fNkwBWjRkwsQaq4vZXQESqkxkZUtCF4yy+vkla14l1WqvdX5dptHkcBTuEMLsCDa6hBHRrQBAoCnuEV3pxH58V5dz4WrWtOPnMCf+B8/gBtC4+Q</latexit>

rH
<latexit sha1_base64="g9NqFb6R2dm9j391tiL9nnT0o3o=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj00mMF+wFtKJPtpl262cTdjVBC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVlDVpLGLVCVAzwSVrGm4E6ySKYRQI1g7GdzO//cSU5rF8MJOE+REOJQ85RWOlTk9iIJDU+6WyW3HnIKvEy0kZcjT6pa/eIKZpxKShArXuem5i/AyV4VSwabGXapYgHeOQdS2VGDHtZ/N7p+TcKgMSxsqWNGSu/p7IMNJ6EgW2M0Iz0sveTPzP66YmvPEzLpPUMEkXi8JUEBOT2fNkwBWjRkwsQaq4vZXQESqkxkZUtCF4yy+vkla14l1WqvdX5dptHkcBTuEMLsCDa6hBHRrQBAoCnuEV3pxH58V5dz4WrWtOPnMCf+B8/gBtC4+Q</latexit>

∇H

Divergence

Curl

Gradient

Laplacian



Gospel according to  Maxwell 
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r · ~E =
⇢

✏0
<latexit sha1_base64="BJAzkqicF7EGT4FtRZqtlekNxWI=">AAACE3icbVDLSsNAFJ34rPVVdekmWARxUZIq6EYoiuCygn1AE8pkctMOncyEmUmhhPyDG3/FjQtF3Lpx5984fSy09cDA4ZxzuXNPkDCqtON8W0vLK6tr64WN4ubW9s5uaW+/qUQqCTSIYEK2A6yAUQ4NTTWDdiIBxwGDVjC4GfutIUhFBX/QowT8GPc4jSjB2kjd0qnHccCwR0KhvSGQ7Da/8iKJSebJvsgzDxJFmUk6ebdUdirOBPYicWekjGaod0tfXihIGgPXhGGlOq6TaD/DUlPCIC96qYIEkwHuQcdQjmNQfja5KbePjRLakZDmcW1P1N8TGY6VGsWBScZY99W8Nxb/8zqpji79jPIk1cDJdFGUMlsLe1yQHVIJRLORIZhIav5qkz42jWhTY9GU4M6fvEia1Yp7Vqnen5dr17M6CugQHaET5KILVEN3qI4aiKBH9Ixe0Zv1ZL1Y79bHNLpkzWYO0B9Ynz+R5p85</latexit>

r⇥ ~E = �d ~B

dt
<latexit sha1_base64="0/fGK53y0dPdQErTriPAk5Q12Ds=">AAACEXicbVDLSsNAFJ34rPVVdekmWIRuLEkVdCOUiuCygn1AE8pkMmmHTiZh5qZQQn7Bjb/ixoUibt2582+ctllo64GBM+fcy733eDFnCizr21hZXVvf2CxsFbd3dvf2SweHbRUlktAWiXgkux5WlDNBW8CA024sKQ49Tjve6Gbqd8ZUKhaJB5jE1A3xQLCAEQxa6pcqjsAexw6wkCpnTEl6m12fOYHEJPVn/0aWpT5k/VLZqlozmMvEzkkZ5Wj2S1+OH5EkpAIIx0r1bCsGN8USGOE0KzqJojEmIzygPU0F1gu46eyizDzVim8GkdRPgDlTf3ekOFRqEnq6MsQwVIveVPzP6yUQXLkpE3ECVJD5oCDhJkTmNB7TZ5IS4BNNMJFM72qSIdZpgA6xqEOwF09eJu1a1T6v1u4vyvVGHkcBHaMTVEE2ukR1dIeaqIUIekTP6BW9GU/Gi/FufMxLV4y85wj9gfH5A9/pnlA=</latexit>

r · ~B = 0
<latexit sha1_base64="HZu8a+yiAOw5dc+RUn27Bneu2d0=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVZIq6EYodeOygn1AE8rNZNoOnUzCzKRQQ/FX3LhQxK3/4c6/cdpmoa0HLhzOuZd77wkSzpR2nG9rZXVtfWOzsFXc3tnd27cPDpsqTiWhDRLzWLYDUJQzQRuaaU7biaQQBZy2guHt1G+NqFQsFg96nFA/gr5gPUZAG6lrH3sCAg4eCWPtjSjJapMbp2uXnLIzA14mbk5KKEe9a395YUzSiApNOCjVcZ1E+xlIzQink6KXKpoAGUKfdgwVEFHlZ7PrJ/jMKCHuxdKU0Him/p7IIFJqHAWmMwI9UIveVPzP66S6d+1nTCSppoLMF/VSjnWMp1HgkElKNB8bAkQycysmA5BAtAmsaEJwF19eJs1K2b0oV+4vS9VaHkcBnaBTdI5cdIWq6A7VUQMR9Iie0St6s56sF+vd+pi3rlj5zBH6A+vzB0Q3lRg=</latexit>

r⇥ ~B = µ0
~J +

1

c2
d ~E

dt
<latexit sha1_base64="04EoOvm4JtpmWwQD+O4K+r8KaVI="></latexit>



Electric potential and Poisson’s equation
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r · ~E =
⇢

✏0
<latexit sha1_base64="BJAzkqicF7EGT4FtRZqtlekNxWI=">AAACE3icbVDLSsNAFJ34rPVVdekmWARxUZIq6EYoiuCygn1AE8pkctMOncyEmUmhhPyDG3/FjQtF3Lpx5984fSy09cDA4ZxzuXNPkDCqtON8W0vLK6tr64WN4ubW9s5uaW+/qUQqCTSIYEK2A6yAUQ4NTTWDdiIBxwGDVjC4GfutIUhFBX/QowT8GPc4jSjB2kjd0qnHccCwR0KhvSGQ7Da/8iKJSebJvsgzDxJFmUk6ebdUdirOBPYicWekjGaod0tfXihIGgPXhGGlOq6TaD/DUlPCIC96qYIEkwHuQcdQjmNQfja5KbePjRLakZDmcW1P1N8TGY6VGsWBScZY99W8Nxb/8zqpji79jPIk1cDJdFGUMlsLe1yQHVIJRLORIZhIav5qkz42jWhTY9GU4M6fvEia1Yp7Vqnen5dr17M6CugQHaET5KILVEN3qI4aiKBH9Ixe0Zv1ZL1Y79bHNLpkzWYO0B9Ynz+R5p85</latexit>

~E = �r�
<latexit sha1_base64="Qwe+6ND2b/KA78kceWLSFiW5FS0=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCG0tSBd0IRRFcVrAPaEKZTG/boZNJmJkUaij+ihsXirj1P9z5N07bLLT1wIXDOfdy7z1BzJnSjvNt5ZaWV1bX8uuFjc2t7R17d6+uokRSqNGIR7IZEAWcCahppjk0YwkkDDg0gsHNxG8MQSoWiQc9isEPSU+wLqNEG6ltH3hDoOnt+OrUEyTgBHvVPmvbRafkTIEXiZuRIspQbdtfXieiSQhCU06UarlOrP2USM0oh3HBSxTEhA5ID1qGChKC8tPp9WN8bJQO7kbSlNB4qv6eSEmo1CgMTGdIdF/NexPxP6+V6O6lnzIRJxoEnS3qJhzrCE+iwB0mgWo+MoRQycytmPaJJFSbwAomBHf+5UVSL5fcs1L5/rxYuc7iyKNDdIROkIsuUAXdoSqqIYoe0TN6RW/Wk/VivVsfs9aclc3soz+wPn8AoESUrw==</latexit>

r · (�r�) =
⇢

✏0
<latexit sha1_base64="dETPmoomfNVEbRrAoUOud35JWME=">AAACGXicbVDNS8MwHE39nPOr6tFLcAjz4GinoBdh6MXjBPcBaxlpmm5haVKSVBil/4YX/xUvHhTxqCf/G7OtB918EHh57/1Ifi9IGFXacb6tpeWV1bX10kZ5c2t7Z9fe228rkUpMWlgwIbsBUoRRTlqaaka6iSQoDhjpBKObid95IFJRwe/1OCF+jAacRhQjbaS+7XgcBQx5OBS6elpcmkN6cuVFEuHMk0ORZx5JFGUm7+R9u+LUnCngInELUgEFmn370wsFTmPCNWZIqZ7rJNrPkNQUM5KXvVSRBOERGpCeoRzFRPnZdLMcHhslhJGQ5nANp+rviQzFSo3jwCRjpIdq3puI/3m9VEeXfkZ5kmrC8eyhKGVQCzipCYZUEqzZ2BCEJTV/hXiITCPalFk2JbjzKy+Sdr3mntXqd+eVxnVRRwkcgiNQBS64AA1wC5qgBTB4BM/gFbxZT9aL9W59zKJLVjFzAP7A+voBA9mg8w==</latexit>

r2� = � ⇢

✏0
<latexit sha1_base64="Xf6GSuH06b3APqI8EaYChX8bFxA=">AAACDnicbVDLSgMxFM34rPU16tJNsBTcWGaqoBuh6MZlBfuAzlgyaaYTmkmGJCOUYb7Ajb/ixoUibl27829M21lo64HA4ZxzubknSBhV2nG+raXlldW19dJGeXNre2fX3ttvK5FKTFpYMCG7AVKEUU5ammpGuokkKA4Y6QSj64nfeSBSUcHv9DghfoyGnIYUI22kvl31OAoYuq97zYhennihRDjzZCTyzCOJosyEnLxvV5yaMwVcJG5BKqBAs29/eQOB05hwjRlSquc6ifYzJDXFjORlL1UkQXiEhqRnKEcxUX42PSeHVaMMYCikeVzDqfp7IkOxUuM4MMkY6UjNexPxP6+X6vDCzyhPUk04ni0KUwa1gJNu4IBKgjUbG4KwpOavEEfINKJNg2VTgjt/8iJp12vuaa1+e1ZpXBV1lMAhOALHwAXnoAFuQBO0AAaP4Bm8gjfryXqx3q2PWXTJKmYOwB9Ynz95aZxk</latexit>

E
�

<latexit sha1_base64="SIWWhw4cDOJI1oTS6WRyjqImg48=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NGxHbFStuXV3AbROvILUoEB7VP0ajmOSCioN4Vjrgecmxs+wMoxwOq8MU00TTKZ4QgeWSiyo9rPFrXN0YZUxCmNlSxq0UH9PZFhoPROB7RTYRHrVy8X/vEFqwhs/YzJJDZVkuShMOTIxyh9HY6YoMXxmCSaK2VsRibDCxNh4KjYEb/XlddJt1L2reuOhWWvdFnGU4QzO4RI8uIYW3EMbOkAggmd4hTdHOC/Ou/OxbC05xcwp/IHz+QPkB44j</latexit>

⇢ < 0
<latexit sha1_base64="qdn2O68Z1/bA7HlfI/jvuAkXCsc=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6MFD0IvHCOYByRJmJ7PJmHksM7NCWPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dUcKZsb7/7a2srq1vbBa2its7u3v7pYPDplGpJrRBFFe6HWFDOZO0YZnltJ1oikXEaSsa3U791hPVhin5YMcJDQUeSBYzgq2Tml09VNd+r1T2K/4MaJkEOSlDjnqv9NXtK5IKKi3h2JhO4Cc2zLC2jHA6KXZTQxNMRnhAO45KLKgJs9m1E3TqlD6KlXYlLZqpvycyLIwZi8h1CmyHZtGbiv95ndTGV2HGZJJaKsl8UZxyZBWavo76TFNi+dgRTDRztyIyxBoT6wIquhCCxZeXSbNaCc4r1fuLcu0mj6MAx3ACZxDAJdTgDurQAAKP8Ayv8OYp78V79z7mrStePnMEf+B9/gASFY7L</latexit>

Potential energy of a charge in an 
electric potential = q�

<latexit sha1_base64="/Y5E8tqoE5orF3K8QJJZ7b+ACuc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2m3bpZhN3J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2il5mOvMRL9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5sdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG89jOhkhS5YotFYSoJxmT2ORkIzRnKiSWUaWFvJWxENWVo8ynZELzll1dJq1b1Lqq1+8tK/SaPowgncArn4MEV1OEOGtAEBgKe4RXeHOW8OO/Ox6K14OQzx/AHzucPtgiOng==</latexit>



How much plasma is there?
• Thermal plasma – Saha Equation

!"#$
!" = 2'"#$'"()

2*+),-
ℎ/

0//
exp − 6"

,-

Meghnad Saha, Calcutta University 



• Thermal plasma – Saha Equation

!"#$
!" = 2'"#$'"()

2*+),-
ℎ/

0//
exp − 6"

,-

Ionization energy of the 7th state

How much plasma is there?



How much plasma is there?

• Thermal plasma – Saha Equation

!"#$
!" = 2'"#$'"()

2*+),-
ℎ/

0//
exp − 6"

,-

Partition functions – representing degeneracy of the electron states

'7 = 8
79$

:
;7<=(?@=?A)/CD



How much plasma is there?

• Thermal plasma – Saha Equation

!"#$
!" = 2'"#$'"()

2*+),-
ℎ/

0//
exp − 6"

,-

De Broglie wavelength of electron – 70



How much plasma is there?
• Thermal plasma – Saha Equation

!"#$
!" = 2'"#$()'"

2*+),-
ℎ/

0//
exp − 6"

,-

Hydrogen plasma
!"#$ = n+ = ne
!" = (7
nH = n0 + n+

Calculate (#/(8

Density of airDensity of the sunIonization Fraction for the Sun



How much plasma is there?

• Plasma makes up what percent of the matter in the universe?
A) 99.99%
B) 75%
C) 13.6%
D) < 0.01%



Plasma Basics

• Plasma is characterized by
• ns – Plasma density of species s
• !" – Thermal speed 
• Ts – Temperature
• #$" – Debye length
• %&" – Plasma frequency
• %'" – Cyclotron frequency
• ()* – Collision frequency between species

+" !" ," #$" %&" %'" ()*



Plasma Basics

• Thermalized plasma
• Maxwellian velocity distribution

• !" = !$" + !&" + !'"

() ! = *)
+)
2-./)

0/"
e3
4567"895

Area under the curve = 1

*) :) /) ;<) =>) =?) @AB



Plasma Basics

• Number density

!" = $
%&

&
'" ( )*(

)*( = (+ sin / )()/)0
or

)*( = )(1)(2)(3

This is the normalization condition for the velocity distribution

!" 4" 5" 67" 89" 8:" ;<=



Plasma Basics

• Equilibrium: charge neutrality

niZie - nee = 0

+

+

+
+

+

+

+

+

+

-

-

-
-

-

-

-
-

-

!" #" $" %&" '(" ')" *+,



Plasma Basics

Average speed?
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Plasma Basics
• Thermalized plasma
• Maxwell-Boltzmann probability distribution
of speeds

(integrate over all directions for a fixed speed)
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Area under the curve = 1
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Non-thermal plasma
Lorentzian (Kappa) distribution

20

N. Rubab and G. Murtaza, “Dust-charge fluctuations with non-Maxwellian 
distribution functions”, Phys. Scr. 73(2) 178-183, 2006.

For the same plasma temperature:
• Distribution peaks at lower energy than 

Maxwellian distribution
• High energy tail
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Plasma Basics

Average kinetic energy 1
2#$%& = 32)*$

Ts = Temperature of the plasma

+$ ,$ *$ -.$ /0$ /1$ 234

)*$ =
1
3#$%&



An aside on temperatures

22

1ev = 10,000K

~1eV 13.6eV
~1keV

~10keV

n

~10MeV

(11,600, but whatever)



Plasma Basics
Debye Length
• Poisson’s Equation
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Plasma Basics

• Debye length
!"Φ ≈ −&'( ) −

'*+
,+

1 − (1−
'Φ
/01

)

!"Φ− 3

45
6 Φ ≈−&'(())

Φ 7 = 91

:;<=>
'
?@
A5

1
BC
" =

*+'"

,+/01

BC = 6.90
H

I=
cm  (cgs units)

= 69.0 H

I=
m  (mks units)

Use 'J ≪ /0 to linearize equation

*L ML 0L BCL NOL NPL QRS



Plasma Basics

• Plasma frequency
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Plasma Basics

• Plasma frequency

E• Use Gauss’ Law to find E
• Apply Newton’s 2nd Law to 

find equation of motion

Δ"
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Plasma Basics

• Plasma frequency ∫" ⋅ $&⃗ = ()*+/-.
"/0 = 12)(Δ5 / 0)/-.

" = 12)Δ5/-.
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0
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$:Δ5
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Compare with Hooke’s Law 5 = −>:5
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Plasma Basics

• Plasma frequency

E
Δ"

#

$

%&'( = *'+(
,-.'

*' /' 0' 12' %&' %3' 456

%&'12' = c8

If both the electrons and the ions move in the slab model, then 

%& = %&9( +%&5( ≈ %&9



x x x

x x x
x x x

x x x

x x x

Plasma Basics

• Cyclotron frequency
! = #$
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Plasma Basics

• Collision frequency
!"# = %"&#'"
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Plasma Basics

• Collision frequency
!"# = %"&#'"
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Other considerations

Number of electrons in a Debye cube

!" = $%&"%'

Macroscopic averages are meaningful: 
• if !" ≫ 1à treat plasma as a fluid

Debye shielding: assume %*+,-
≪ 1

Assumption only valid if !" ≫ 1
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Figure 2.5.  The temperature and density of various plasmas  
(Gurnett and Bhattacharjee, Introduction to Plasma Physics).

Summary



One cool application:
• Bouncing radio waves from the ionosphere



One cool application:
• Bouncing radio waves from the ionosphere


