
ESS576/AA556
Space and Laboratory Plasma Physics

• This course is about Plasma Waves 
• Temp=0:  We start with the fluid equations 

(derived in ESS415/515 and AA405) and derive 
dispersion relationships for several wave modes 
(cold plasma modes) 

• Temp>0: Use distribution function and derive 
Landau damping and growth along with a 
discussion of equilibrium and stability.  

• Stability and Equilibrium;  nonlinear waves  



• ESS576AA556  Course Outline
• A. Plane Wave Solutions of two fluid equations

– Develop full set of equations
– Electrostatic waves: electron plasma waves, ion acoustic waves
– Electromagnetic waves with B=0 
– Then add B not = 0 and consider
– Upper Hybrid waves
– Electrostatic ion waves 

• B. Intro to Vlasov Equation
– review distribution function
– Electrostatic dispersion relationship
– Landau Damping
– Susceptibility/CMA diagram
– Stability (Nyquist and Penrose)
– Two-stream instability
– Generalized theory of linear Vlasov modes
– Bernstein modes

• C. Use Vlasov theory to review all fluid modes and find new ones
– Drift waves
– ion acoustic solitions
– parametric instabilities

• Grading: problem sets (70%) and final exam (30%)



Main Source Material:
A. Kivelson & Russell 
B. Chapter 12 by Goertz and Strangeway
B. Chapter 6 of Nicholson
C. Chapter 7 of Nicholson
Class Webpage: 
http://earthweb.ess.washington.edu/bobholz/ess576aa556/

Instructor:
Prof. Robert Holzworth
685-7410
263 Johnson Hall
bobholz@uw.edu
bobholz@uw.edu



Why Study Plasma Waves?
1. Waves tell you about the state of a plasma -
density, temperature, stability
2. Waves, or field fluctuations, can exert 
major control over plasma dynamics, energy 
transport, and can change the distribution 
function
3. Observers need to know how wave modes 
couple to EM waves even to make the 
measurements
4. Lab and space plasmas have to satisfy the 
same equations, just the scale and boundary 
values may be different.















Problem Set #1:
Goertz&Strangeway (K&R Chapter 12):  

Problems 12.1-12.6
(due Jan 16, 2013)

Many more examples
• Why are you taking this class?

• (more examples see view graphs)

• Then: firehose instability example


