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§45 minutes is 9,999.25 hours too few to become an expert in 
plasma physics

§ That’s fine!  My purpose today is to give you some intuition about 
the physics that dominates the plasma.

§ I want to introduce you to some parameters that you’ll hear a lot if 
you join the field (and during this course): plasma frequency, 
thermal velocity, Debye length, gyroradius, etc.

§ You’ll probably not remember the formulas but you’ll get an 
intuition for them and may even rederive them in a “back of the 
envelope” way.

Let’s improve our plasma intuition!
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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 · (rH) = r2
H > 0
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rH
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∇H
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Gradient

Laplacian



Gospel according to  Maxwell 
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r · ~E =
⇢

✏0
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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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E
�
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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>



Before I start, some further reading
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§ Introduction to Plasma Physics, Francis F. Chen, 1974
§ Introduction to Plasma Physics, R.J. Goldston, P.H. Rutherford
§Plasma Physics Notes, Richard Fitzpatrick

From this lecture:
§ Feynman lectures
§ Introduction to Electrodynamics, David Griffiths, 1981

http://farside.ph.utexas.edu/teaching/plasma/Plasma/index.html
https://www.feynmanlectures.caltech.edu/


Poll

7



Plasma is a rich and varied field of study
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• Plasma is the 4th state of 
matter:  It is qualitatively 
different than gas due to its 
collective behavior, 
particularly its interactions 
with E&M fields.

• Plasmas cover a wide 
range of densities and 
temperatures This makes 
the field rich in scope



Saha’s equation tells you the degree of ionization
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ni

nn
⇡ 2.4⇥ 1021

T 3/2

ni
e�Ui/kBT

<latexit sha1_base64="Wg8B/kX5rQglvhkN1pKqujZFMtI="></latexit>

Degree of ionization

Ionization energy

For nitrogen at standard 
temperature and 
pressure (STP):

ni

nn
⇡ 10�122

<latexit sha1_base64="KE4ipyOrvg4YCzLUN5uT8rpTY04=">AAACDXicbVC7TsMwFHV4lvIKMLJYFCQWqiQgwVjBwlgk+pCaEDmu01p1nMh2EFWUH2DhV1gYQIiVnY2/wWkzQMuRru7ROffKvidIGJXKsr6NhcWl5ZXVylp1fWNza9vc2W3LOBWYtHDMYtENkCSMctJSVDHSTQRBUcBIJxhdFX7nnghJY36rxgnxIjTgNKQYKS355qEbCoQz7mc0z4vG89xFSSLiB2hbd9mJ7Ti5b9asujUBnCd2SWqgRNM3v9x+jNOIcIUZkrJnW4nyMiQUxYzkVTeVJEF4hAakpylHEZFeNrkmh0da6cMwFrq4ghP190aGIinHUaAnI6SGctYrxP+8XqrCCy+jPEkV4Xj6UJgyqGJYRAP7VBCs2FgThAXVf4V4iHQ8SgdY1SHYsyfPk7ZTt0/rzs1ZrXFZxlEB++AAHAMbnIMGuAZN0AIYPIJn8ArejCfjxXg3PqajC0a5swf+wPj8Ab4Wm+8=</latexit>

At STP, most of 
what’s around us is 
neutral



Comparison between electric/gravitational forces
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m1~a = ⌃~F = ~FG + ~FE =

"
�Gm1m2

r21,2
+

q1q2
4⇡✏0r21,2

#
r̂

<latexit sha1_base64="A0AmaZwezisAYbwufuofIX42gUY="></latexit>

The electric and gravitational forces exerted on m1 by m2 are:

FE

FG
= 1.1⇥ 1039

<latexit sha1_base64="c1mEBhORw0HhN1FyyBQQNdcrgrI=">AAACCnicbVDLSgMxFM34rPU16tJNtAiuyqQV1IVQFB/LCvYBnXHIpJk2NPMgyQhlmLUbf8WNC0Xc+gXu/BvTdhbaeiDhcM693HuPF3MmlWV9G3PzC4tLy4WV4ura+samubXdlFEiCG2QiEei7WFJOQtpQzHFaTsWFAcepy1vcDHyWw9USBaFd2oYUyfAvZD5jGClJdfcs32BSXrlXmb6u87OUBnZigVUQmTdp9XTzDVLVtkaA84SlJMSyFF3zS+7G5EkoKEiHEvZQVasnBQLxQinWdFOJI0xGeAe7WgaYj3MScenZPBAK13oR0K/UMGx+rsjxYGUw8DTlQFWfTntjcT/vE6i/BMnZWGcKBqSySA/4VBFcJQL7DJBieJDTTARTO8KSR/rbJROr6hDQNMnz5JmpYyq5crtUal2nsdRALtgHxwCBI5BDdyAOmgAAh7BM3gFb8aT8WK8Gx+T0jkj79kBf2B8/gApVZlF</latexit>

Assuming one is an ionized deuterium atom and the other is an electron:

Gravity is irrelevant for lab 
plasmas (but not for 
astrophysical ones)



Even though it’s (partially/fully) ionized, plasma 
equilibrium is quasi-neutral
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We start with a thought experiment where we 
disturb this quasi-neutrality
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�x�x

~E

~F = �e ~E

x̂



An aside on temperatures
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1ev = 10,000K

~1eV 13.6eV

~1keV
~10keV

n

~10MeV

(11,600, but whatever)


