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CHECK-IN ACTIVITY
Best Day Ever!
SCORE: 9 - 10

It’s Not My Day!
SCORE: 1 - 4

Doing Alright!
SCORE: 5 - 8

Dessert Poll  

https://linkto.run/r/0OGI6NSR


www.theda
y.com



‘HEALTHY TO INNOVATIVE’ FRAMEWORK



Challenger Safety
You are safe to challenge the 

status quo or intervene against 
injustices

Learner Safety
You are safe to learn, ask 

questions, and make minor 
mistakes 

Contributor Safety
You are safe to exercise your 
judgement and contribute to 
work tasks

Authenticity Safety
You are safe to explore your 
identity and are accepted as your 
full authentic self

FOUR STAGES OF PSYCHOLOGICAL SAFETY

Reference: Modified from The Four Stages of Psychological Safety by Timothy Clark
https://www.porchlightbooks.com/blog/changethis/2020/the-four-stages-of-psychological-safety
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Evidence Based Practices (EVPs)

Climate & Inclusion Town Hall, DPP 2020

This year the DPP Diversity, Equity, 
and Inclusion Organizing Collective 
Committee (OCC) is offering a 
workshop on evidence-based 
practices (EBP) that can help make 
the plasma science community 
more diverse, equitable, and 
inclusive. The workshop includes

• Introduction to the OCC

• Discussion of EBPs by Dr. 
Christine Clark 

• Professionally facilitated EBP 
discussion sessions               
**with Registration only**

• Take-home EBP toolkit

Royce W. James (Chair)
US Coast Guard Academy

Arturo Dominguez
Princeton Plasma Physics Lab

David Newman
University of Alaska

Carolyn Kuranz
University of Michigan

Ellen Zweibel
U. of Wisc. - Madison

Edward Thomas Jr.
University of Auburn

Raspberry Simpson
MIT

Elizabeth Merritt
Los Alamos Natl. Lab

Nick Murphy
Harvard-Smithsonian

https://www.unlv.edu/news/expert/christine-clark

Dr. Christine Clark
University of Nevada, Las Vegas
Senior Scholar in Multicultural Education
Founding Vice Pres. for Diversity and Inclusion

Members of the DEI OCC 
Register at:

Discussion slots are limited, 
so please register soon!

https://rb.gy/7matra

https://rb.gy/7matra


CGAPL Group – PPPL March 2014
CGAPL Group – DEPS February 2017

CGAPL Group – APS DPPP October 2017NCOE S&E Student Group – NASA Wallops April 2019

CGAPL Group – APS DPP October 2018
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Spectrometer

Coast Guard Academy Plasma Lab has 
Multiple Experiments

Plasma Water 
Treatment

MHD Space

HPX



1) Pre-Load:

§ A day or two before class, read the sections for the next class and write out in your 
own words any unfamiliar definitions for symbols/vocabulary/concepts.

§ Do all the examples problems in those sections (also before class).

§ Rinse, wash, repeat….do this before every class (in all subjects) at he minimum to be 
ready. This base understanding is needed to get anything out of class. Don’t waste 
your time!! Be disciplined, it will pay off!

2) Work is Class – it’s your job: in class you will need to develop your physics “kata” – your 
profs set the level; it is for you to become proficient at that level! To do this you will need to 
unabashedly provide ideas and challenge each other’s. In this you will learn the physics 
and become proficient in critical thinking & self-assessment.

3) Use your HW: these are your guide to tests and assessments. One of the largest 
stumbling blocks is overconfidence while reviewing concept/solution. Be sure to work 
problems without the solution in preparation.

Plasma Prep Tips: 

§ get proximate with the material

§ pre-load before class/lecture (more than 
just notes)



§ Plasmas Perpetrating

§ Plasma Oscillating

§ Electron & Ion Plasma Waves

§ Electrostatic Plasma Waves

§ Plasma Sound Wave - Whistlers

§ Ordinary & Extraordinary

§ Alfvén Wave

plasma

current paths

plasma sheaths

A

V

Vac

Helicon Plasma Experiment (HPX)

CubeSat Impedance Probe

*FC=Chen, F.F, (2015). Introduction 
to Plasma Physics and Controlled 
Fusion (3rd ed.). Springer



Periodic motion of a plasma fluid can be represented as a 
superposition of sinusoidal oscillations  - Thanks Fourier! 

www.clipartkey.com/view/mmRwoT_simple-harmonic-motion/

In a plasma fluid, the density (n) can be 
represented as
𝑛 = #𝑛 𝑒𝑥𝑝 𝑖 𝒌 ) 𝒓 − 𝜔𝑡

where:
!𝑛 - amplitude
𝒌 - propagation const
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Z
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ZLet’s choose the x-direction 

for wave propagation to get
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But these are real plasmas, so

time derivative of a point on the wave, (d/dt)(kx-wt)=0,
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Chose n to have no phase, but the plasma has 
an E-field one  in the complex vector form

𝑬 = 3𝑬 𝑒(𝑒! "#$%& ≡ 3𝑬)𝑒! "#$%&

Δ𝜔
Δ𝑘 lim!" 0 →

𝑑𝜔
𝑑𝑘 = 𝜈# cannot exceed c!

*FC



Electrons displaced and bound by coulomb force - overshoot and oscillate

+

-

Linearize to eliminate the high order terms 



Electrons displaced and bound by coulomb force - overshoot and oscillate

+
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Simple Case Plasma Frequency (wp)

1. No B-field
2. KT=0 (no thermal motion)
3. Ions are unmoved
4. Infinite Plasma
5. 1-D, x-direction

Linearize to eliminate the high order terms 

*FC



Electrons displaced and bound by coulomb force - overshoot and oscillate

+

-

Simple Case Plasma Frequency (wp)

1. No B-field
2. KT=0 (no thermal motion)
3. Ions are unmoved
4. Infinite Plasma
5. 1-D, x-direction

Linearize to eliminate the high order terms 

High frequency - use Poison’s:

Equation of Motion:

Continuity Equation:

*FC



Group dependent variables into equilibrium (sub0) and perturbed (sub1) 

Still in our simple case so

1. no oscillation yet
2. Electrons not displaced yet

Plasma Frequency



Group dependent variables into equilibrium (sub0) and perturbed (sub1) 

Still in our simple case so

1. no oscillation yet
2. Electrons not displaced yet

Linearized Poison’s:

Linearized Equation of Motion:

Linearized Continuity Equation:

Plasma Frequency



Group dependent variables into equilibrium (sub0) and perturbed (sub1) 

Still in our simple case so

1. no oscillation yet
2. Electrons not displaced yet

Oscillate Sinusoidally so:

Linearized Poison’s:

Linearized Equation of Motion:

Linearized Continuity Equation:

Substitute the time derivative and gradient:
𝜕
𝜕𝑡 = −𝑖𝜔

𝜵 = 𝑖𝑘8𝒙

Plasma Frequency



§ Electron Waves

§ Ion Waves
§ Plasma Approximation

Oscillation Poll!

*FC



§ Electron Waves
§ Add −𝛻𝑝$to Equation of Motion with 3 

degrees of freedom

With thermal motion information is 
connected across regions - now a wave

Linearized Equation of Motion:

Dispersion Relation 
(resulting freq.):

Group velocity is 
still less than c:

;

*FC

*FC



§ Electron Waves
§ Add −𝛻𝑝$to Equation of Motion with 3 

degrees of freedom

With thermal motion information is 
connected across regions - now a wave

Linearized Equation of Motion:

;

*FC



§ Electron Waves
§ Add −𝛻𝑝$to Equation of Motion with 3 

degrees of freedom

With thermal motion information is 
connected across regions - now a wave

Linearized Equation of Motion:

Dispersion Relation 
(resulting freq.):

Group velocity is 
still less than c:

;

*FC
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§ Ion Acoustic Waves
§ E-Field allows for sound to travel
§ Plasma ApproximationLow Frequency Oscillations & ni=ne=n

So, no Poison’s!  

Perturbation Density for 
both Ions & Electrons:

Dispersion Relation 
for ion acoustic waves:

Acoustic velocity 
is given by:

Ion Fluid Equation of Motion:

Linearized Continuity Equation:

;;
*FC



§ Ion Acoustic Waves
§ E-Field allows for sound to travel
§ Plasma Approximation

Dispersion Relation 
for ion acoustic waves:

Acoustic velocity 
is given by:
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§ Add −𝛻𝑝$to Equation of Motion with 3 

degrees of freedom

Dispersion Relation 
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*FC



Example of a whistler recorded at 
Palmer Station, Antarctica.

Whistlers propagate oblique to the Earth’s magnetic field lines.

https://vlf.stanford.edu/research_topic_inlin/introduction-whistler-waves-magnetosphere/



*FC



 

Special Thanks to:

ET1 Christopher Moore - Project Engineer
CGA Physics Section
Columbia’s HBTEP
Princeton Plasma Physics Lab
Naval Research Lab

A Spectrometer Uses a Grating
● Spectrometer built in Optics Lab 
● Spectrometer that is going to be built
● Reflective grating vs. Volume Phase Holographic (VPH)
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CG Space & Energy Initiatives


