Two approaches to plasma physics



Vs

Plasma... composed of many particles

Focus on a selected local region — Kinetic approach

Focus on the whole region — Fluid approach
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Fluid approach

Kinetic approach




Kinetic approach

—> study microscale processes, the behavior of particles

Fluid approach

—> study macroscale processes, the behavior of fluid elements*

s ~
*Fluid element... a virtual object containing a number of particles; most

of the particles keep staying inside the element (=>

typical size Ly >> l,,m-,,” G)

L, mean free path

I - gyration radius




Typical scales used in both approaches...

Kinetic approach... particle is a fundamental object (its internal structure is not considered)
Ly

Typical scales:

Length... L, (Debye length)

e.g. 1 cm for a solar coronal plasma

Local charge neutrality Time... L,/ v, ~1/v, (plasma frequency)
may be broken. »
@ e.g. 5x 107" s for a solar coronal plasma (electron)

ks T : thermal speed

e

Fluid approach... fluid element is a fundamental objecl (its internal structure is not considered)

L

Typical scales: Coronal Toop

system

>

Length...  Li.. (System size) S -ﬁ

e.g. 100,000 km ~ 10° m for a coronal loop

Time... Liyen | vi(Alfvén speed)

e.g. 100 s for a coronal loop (va ~ 1000 km/s)

v, = S : S Alfvén speed
Vign M,



Characteristic scales of plasmas

E-related scale

B-related scale

mean free path Debye length

gyration radius
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Basic equations in Kkinetic & fluid approaches



Kinetic approach... Focus on position and velocity of each particle at every time
=> Mechanical equation

D ¢

In the kinetic approach, we consider the physical state of each particle represented by its position and velocity.

The mechanical equation is a differential equation where time is the only independent variable (ordinary

differential equation, ODE).
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