General Information of GPP Il

Contents: Magnetohydrodynamics (MHD)
* 12 weeks total and spring break in between

— Check the course website for schedules of each
week: http://w3.pppl.gov/~hji/AST552/AST552.html

» Grader: Denis St-Onge
» Midterm exam: written at end of March
+ Final exam: oral in May (mini Generals oral).
» Grade breakdown:
— Class: 10%
— Homework: 30%
— Midterm exam: 20%
— Final exam: 40%
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Topics for GPP I

Topics Comments

MHD equations (models) Valid in large systems

MHD equilibrium Basics for magnetic fusion plasmas
Steady flows Basics for fluid dynamics and astro.
Waves and shocks Basic waves, shocks common in astro.
Energy principle Useful tool to examine stability
Instabilities Pressure-, current-, flow-shear-driven
Self-organization and turbulence | Essential nonlinear processes
Magnetic reconnection Magnetic field distruction

Magnetic dynamo Magnetic field generation

Reference Books

» Freidberg, Ideal MHD (Cambridge University
Press, 2014).

» Wesson, Tokamaks 4t Ed. (Oxford University
press, 2011).

* Miyamoto, Plasma Physics and Controlled
Nuclear Fusion, (Springer, 2005) [Errata).

» Kulsrud, Plasma physics for astrophysics
(Princeton University Press, 2005). [Errata

¢ more




Relevance of MHD and References
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Topics Fusion | Heliophysics and | Liquid | Book
astrophysics metals

MHD equations 1 1 1 M, F, W

(models)

MHD equilibrium 1 3 3 M, F, W,*

Steady flows 3 1 1 W, *

Waves and shocks | 2 1 2 K, M, F, W

Energy principle 1 1 2 K, F,M,W

Instabilities 1 1 1 K, F, M, W,*

Self-organization 1 1 1 * K

and turbulence

Magnetic 1 1 3 K, *

reconnection

Magnetic dynamo |2 1 1 K, *

1: Most relevant, 2: Somewhat relevant, 3: Least relevant
M: Miyamoto, F: Freidberg, K: Kulsrud, W: Wesson, *: others

MHD Equations (Models)

Hierarchy of plasma models and multiple scale
nature of plasma physics

Fluid descriptions: MHD models
Non-relativistic limit and charge neutrality
Validity of MHD models

Navier-Stokes equation and MHD

Extended MHD models

MHD Equilibrium

Conservative forms of MHD equations
The Virial theorem

Flux surface and surface quantities
Grad-Shafranov Equation

Toroidal confinement and radial force balance




Steady Flows

Electric field and flow in toroidal confinement systems
Solar wind solution

Bernoulli equation

Circulation and vorticity

Steady flow in simple geometries

MHD steady flow (Hartmann flow)

Boundary layer analyses
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Waves, Discontinuities and
Shocks

Shear Alfven waves and magnetosonic waves
(slow and fast)

Surface gravity waves
Dispersive and non-dispersive waves
Nonlinear steepening and formation of shocks

Rankine-Hugoniot relations for discontinuities and
shocks

Energy Principle
The basic idea
Self-adjointness of the linear operator, F(&)
Extended form of energy principle
Advantages of energy principle

Caveats




Instabilities

* Pressure-driven

— Interchange mode (convective instabilities)
+ Schwarzschild criterion
+ Rayleigh-Taylor Instability
» Good and bad curvatures
+ Absolute and average minimum B
» Sausage and m=1 modes
« Suydam criterion and Mercier criterion
— Parker instability

— Ballooning instability
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Instabilities (cont’ d)

Toroidal Alfven Eigenmodes
» Current-driven

— Kink instability

— Resistive-wall modes

— Plasma position instability

— Tearing mode

Instabilities (cont’ d)

* Flow-shear-driven
— Kelvin-Helmholtz instability

— Orr-Sommerfeld equation and inflection point
theorem

— Pipe-flow and nonlinear instability

— Taylor-Proudman theorem in rotating flow
— Centrifugal instability and Rayleigh criterion
— Magnetorotational instability




Self-Organization and
Turbulence

» Nonlinear dynamics and physics of non-equilibrium
systems

Ideal invariants (magnetic helicity)

* Minimum energy state and Taylor relaxation theory
» Kolmogorov spectrum

* MHD turbulence

 Effects by turbulence
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Magnetic Reconnection

« Sweet-Parker Model and Petschek
Model

* Fast reconnection models
— Non-MHD effects (Hall/two-fluid/kinetic)
— Plasmoid instability

* Reconnection in large systems

Magnetic dynamo

Cowling’s anti-theorem
Biermann Battery
a-m dynamo

Mean-field dynamo theory
— o effect
— B effect




