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First, a bit about myself
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• From Bogotá, 
Colombia

• Started studying 
physics at the 
National University 
of Colombia at 
Bogota.

• Now I’m at the 
Princeton 
Plasma Physics 
Lab (GO 
TIGERS!)`

• Transferred to University 
of Texas at Austin where I 
finished undergrad 
(HOOK’EM HORNS!)

• Did my graduate 
work at MIT, in 
Boston on fusion
plasmas (GO 
BEAVERS!)



Second, a bit about yourselves



Second, a bit about yourselves
• Science Undergraduate Laboratory Internship Program (SULI).  This is a DOE sponsored 

undergraduate internship.

• Of the SULI students, some are staying at PPPL and some are going to General Atomics (GA) in San 
Diego.

• Community College Interns (CCI), also a DOE run program.

• Princeton Environmental Institute (PEI) internship program.

• Princeton University Tokyo Exchange Program (PUTEP)

• Alabama EPSCoR

• Engineering Apprenticeship

• High School interns, independent interns, and visitors (some PPPL staff/students?)



Second, a bit about yourselves

WELCOME!!



The SULI One Week Course
• Originally started in 1993 by Prof. Nat Fisch as part of the National 

Undergraduate Fellowship (NUF). 



The SULI One Week Course

• This week will feature:
• 15 lectures on different plasma physics/engineering topics
• Tour of the lab 
• Experimental session
• HW sessions where you will review the HW sets with a 

graduate student (COME PREPARED WITH QUESTIONS)

• All lectures are streamed live and the slides can be found at:  
https://suli.pppl.gov/2019/course/

https://suli.pppl.gov/2019/course/


PPPL is one of 17 Department of Energy national 
laboratories
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8

§ Approximately 450 
employees

§ 90 acres

§ Operated by Princeton U.
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§ Approximately 450 
employees

§ 90 acres

§ Operated by Princeton U.



At PPPL we study plasmas at all scales.
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Astrophysical
Plasmas

Low Temperature 
Plasmas

Theory and 
Simulation

Fusion

Theory and 
Simulation

10

Experiments Engineering / 
Technology 



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



What will we be studying this week? 
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Plasma/Materials

Plasma/Lasers

Plasma in industry



Astrophysical Plasmas
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Prof. Matt Kunz
Astrophysical 

Plasmas

Dr. Will Fox 
Magnetic 

Reconnection



Astrophysical Plasmas

Galaxy cluster IDCS J1426 is located 10 
billion light-years from Earth



A little closer to home
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Magnetic reconnection is a big field of research
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Before AfterField lines 
break and 
reconnect

• Topological 
rearrangement of the 
plasma à breaks the 
“frozen in” condition on the 
magnetic field

• Converts some magnetic 
field energy into particle 
energy à the plasma 
charges a “toll” to the 
magnetic field



Reconnection in our magnetosphere

17



Magnetic Fusion Plasmas
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Director Steven 
Cowley

Introduction to 
Magnetic Fusion

Prof. Michael 
Maurer

Introduction to 
Stellerators

Prof. Dan 
Andruczyk

Plasma-Materials 
Interaction





The two main configurations of magnetic 
confinement devices
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Tokamak
Stellarator

NSTXU @ PPPL W7X @ Max-Planck / Germany



We, at PPPPL, are proud of the Stellarator…we 
invented it! (Lyman Spitzer did)
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Founder of the labInventor or the Stellerator

Proposed telescopes in 
outer space (hence the 
Spitzer Space Telescope)

Made countless 
advances in plasma 
physics (his name is 
everywhere)

“Figure 8” Stellarator

Lyman 
Spitzer



High Energy Density Plasmas
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Dr. Tammy Ma
Introduction to 

Inertial 
Confinement Fusion

Dr. Cameron Geddes
Introduction to 

Wakefield 
Acceleration



Another way to create fusion conditions
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High energy density plasmas can model 
astrophysical phenomena
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Raileigh-Taylor Instability

!

!
!> !F



High energy density plasmas can model 
astrophysical phenomena
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Laser/plasma experiments at Omega facility
to simulate the RTI observed in in the supernova collapse 

Dr. Mario Manuel, 2018 SULI talk



Laser/plasma interactions can help create 
smaller accelerators
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1.2m
=

~1km

electron packets



Low Temperature and Complex Plasmas
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Prof. Edward 
Thomas

Complex Plasmas

Prof. Jose Lopez
Low Temperature 

Plasmas



An aside on temperatures
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1ev = 10,000K

~1eV 13.6eV

~1keV
~10keV

n

~10MeV

(11,600, but whatever)



There are MANY applications for low 
temperature plasmas
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Material Synthesis Plasma display

Ozone generation 
for water cleaning

Surface Treatment

Bio-application

Lighting

Material processing Dental application



Complex Plasmas

Complex/Dusty plasmas = electrons + ions + neutrals + charged microparticles (dust)

Lab dusty plasma Dusty plasma
In our solar system

Dusty plasma
In fusion devices



Computational Techniques
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Dr. Matt Landreman
Computational 
Plasma Physics



The complexity of the systems lead to the need 
for simulations
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• In a typical lab plasma, N~1E20

• Every charged particle creates an E and B everywhere in space

• Every charged particle is subject to q(E+vxB) forces from every other particle 
(plus from external sources)

• The problem becomes analytically intractable very quickly



Time/length scales span many decades

33



Experimental techniques
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Paschen’s Law

Langmuir Probes

Interferometry

Chaos Prof. Sam Cohen
Experimental 

Methods



Experimental Session
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Paschen’s Law
Interferometry
Langmuir Probes
Chaos



Experimental Session
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Group A Group B Group C
Group A1 (Grad lab) Group A2 (SciEd lab) Group B1 (Grad Lab) Group B2 (SciEd lab) Group C1 (SciEd lab) Group C2 (SciEd lab)

Barbara Garcia Marco Andres Miller Paul Simmerling Ryan Golant Demetrius McAtee Chandler Cotton
Gabriel Antonio Gonzalez Jusino Colin Myrick Katrina Teo Shun Kamiya Jacob Paiste Julio Ocana Ortiz
Andrew Herschberg Samantha Ann Pereira Mikayla Washington Keisuke Kanda Allison Price Arie Henderson
Natalie Cannon Esha Rao Anna Martha Wolz Shinichiro Kojima Shannon Baeske Jack Robertson
Carlos Andre Catalano Luquant Singh Laura Natalia Zaidenberg Hibiki Yamazaki Marisa Thompson Reece Frederick
Matthew Barber Marion Elizabeth Smedberg Ish Kaul Kota Yanagihar Chigozie Chinakwe Shakina Hogan
Loukas Carayannopoulos Jace Christian Waybright Andrew Christopher Hernandez Rob Goldston PEI student Robert Galvez Laura Bentivegna
James LeCompte Eric Wolf Trace Johnson Andrew Brown Taylor Shead Chris Barber

Cristian Arens Oleksandr Redin Yardas Kai Torrens Joshua Latham

Ben Alessio Courtney L Johnson Andy Brown Joshua James Luoma

Michaela Hennebury Ryan Arbon Alexander Liu Stephen Yan

Adeline Hennebury Promise Oluwagbope Adebayo-IgeDaniel Thomas Cole Alexander Love-Baker

Landon David Bevier Kellin Murphy

Jamal Johnson Le Viet Nguyen

Justin Cohen Wyatt Pauley

Henry Fetsch James Robinson



Tour of PPPL
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Dr. Erik Gilson



Plasma Physics Fundamentals

38

Dr. Carlos Paz-
Soldan

Fluid Theory 
and MHD

Dr. Steffi Diem
Plasma Waves 

and Turbulence

Dr. Cami Collins
Single Particle 

Motion



First, a little reminder of 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
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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
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~E = �r�
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r · (�r�) =
⇢

✏0
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✏0
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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>



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


