
Two approaches to plasma physics



Plasma... composed of many particles

Focus on a selected local region → Kinetic approach

Focus on the whole region → Fluid approach
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Kinetic approach 

→ study microscale processes, the behavior of particles

Fluid approach
→ study macroscale processes, the behavior of fluid elements*

*Fluid element... a virtual object containing a number of particles; most 
of the particles keep staying inside the element (=> 
typical size LFE >> lmfp, rG)

LFE

lmfp: mean free path

rG: gyration radius



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

 Typical scales:

Length... LD (Debye length)
e.g. 1 cm for a solar coronal plasma

Time... LD / vth ~ 1 / p (plasma frequency)
e.g. 5 × 10– 9 s for a solar coronal plasma

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

 Typical scales:

Length... Lsystem (system size)
e.g. 100,000 km ~ 108 m for a coronal loop

Time... Lsystem / vA (Alfvén speed) 

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

Typical scales used in both approaches...
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Local charge neutrality 
may be broken.
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Characteristic scales of plasmas (particle-based scales)
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Emergence of magnetic fields
into the solar atmosphere

(flux emergence)





Flux emergence...

Photosphere

P ~ 2×10^5 dyn/cm^2

Chromosphere

P ~ 1×10^2 dyn/cm^2

Corona

P ~ 2×10^(– 2) dyn/cm^2

840 km
(0.001 Ro! )

6000 km
(0.01 Ro! )

A magnetic flux tube emerging into solar atmosphere 
expands rapidly due to sharp decrease of gas pressure 
across solar surface (photosphere).

solar atmosphere

photosphere



Flux emergence... a very dynamic process

Observed by TRACE

A dynamic, time-dependent model is required to study this processs. 



3-dimensional MHD simulation of an emerging flux tube

A twisted flux tube is initially placed 
below a solar surface.

The flux tube then starts to rise via 
magnetic buoyancy.

After emerging to the surface, the flux 
tube expands rapidly to form 
magnetic structure on it.

A typical example of the model:
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