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• Space: in situ experiment

• Space is NOT empty and well structured.

• Space has all kinds of dynamics: 

Single-ptl + Kinetic + Fluid approach

L ~ 100,000km

dL ~ 100km



(ground) (space)

Sea: 

Air:

- collisions dominant      - collisions negligible

- diffusive                     - well-structured

- neutral ptls - plasma (ions, electrons)

- mech. + gravit.            - mech. + electromag.
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) For CLIC beams,  
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• Single-ptl (e.g., f=ma) 

• A few or many ptls (kinetic approach, f(x,v,t)) 

• Multi-fluids (multi-ions + electrons) 

• Single-fluid (MHD) 

• Ideal MHD
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- Multi-fluid equations

- Ideal MHD equations

Multi-fluids (multi-ions + electrons)



- From  N(x,v,t) to  f(x,v,t) :

-From  f(x,v,t) {plasma kinetic eq.}

to f(x,v,t) {Vlasov eq.}:

Neglect the single-particle nature

Neglect collisions (resistivity)

weak turbulence 

quasi-linear theory 

……

cf) For CLIC beams:  ,  but   1 Dr  



- From  f(x,v,t) to  MF(x,t) :

Neglect the velocity distribution

ex)   wave-particle interaction  

microscopic instabilities

Landau damping

non-thermal equilibrium

- From  MF(x,t) to  SF(x,t) :

Neglect the electron inertia and the ion species

ex)   rapid EM & ES variations

Ion gyro-frequency

Ion gyro-radius



– Waves in space

<MHD waves>

- very low freq: MHD waves

<multi-fluid waves>

- low freq: Ion waves

- intermed. freq: Ion-electron waves

- high freq: Electron waves

<kinetic waves>

- e.g. higher harmonics, Bernstein waves, …

<single-ptl resonances> 

- e.g. bounce resonance, bounce-drift resonance, …
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Maxwell eqs

+ Ohm’s law

For instance, ,ẑBB 


– Waves in space



- CMA diagram

– Waves in space

<multi-fluid waves>



– Waves in space

[Fraser et al., 1996]

<electron waves>

<multi-ion waves>



[Kim & Lee, 2005]

– Waves in space

<ion-electron waves>



MHD waves

In uniform medium:

- Compressional waves

- Magnetosonic waves

- Isotropic mode

- Three-dimensional

- Incompressional waves

- Alfven waves

- Anisotropic

- One-dimensional



e.g.,  MHD waves: and

Ex :  Alfven waves

Ey :  Compressional waves

Ez =  0

* In a nonuniform plasma,



- MHD waves:  Asymptotic  solutions

At resonances,

Ey is being damped to Ex (even if no dissipations)

Compressional waves damp,  shear Alfven waves grow.

Resonant absorption of Alfven waves = Field line resonances

Mode conversion



• Two degrees of freedom become differential 

in nonuniform plasmas.

• In terms of wave (collective) motion, 

azimuthal or shear motion is stable.
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ŷ

x̂

ŷ
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is valid for collective, but relatively 

low frequency wave motion.
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- When inhomo. lies perpendicular to B-field, the 

azimuthal (shear) motion Vy or radial Ex or  azimuthal By

are expected to be stable(and dominant?).



* Torodial & Poloidal modes

In the dipole coordinate

Toroidal:  

Poloidal: 

0m 

m



* Torodial & Poloidal modes [McPherron, 2005]

~ ~V E b   ~ ~V E b  

Poloidal mode Toroidal mode 



– Waves in space

<MHD waves>



[e.g., Lee et al., 2004]

- 3-D dipole MHD waves 

) For CLIC,  
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* Assume:

Collisions with neutral ptls

- Eqs of motion:



Collisions with neutral ptls

where 



Collisions with neutral ptls

since

There are 3 choices:

: both P currents dominant

: P(i) and H(e)

: both H currents dominant



* Ionosphere: Composition



Collisions with neutral ptls

(After Baumjohann & Treumann, 1996)



* CME observations at the two near-by stations (< 60km)

• 1996.12.02 09:30 - 10:30(UT) at  Icheon, Yongin station 



• daily variations
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 2006년 7월 31일(평온)  2000년 7월 14일

- Magnetospheric dynamics

[Petrinec, 1994]

file:///C:/Documents and Settings/운영과장0/바탕 화면/단파통신과 우주환경/movie20000714.gif


* MHD Dynamo:                                  (ideal MHD eq.)

- EM energy generates mechanical energy or

- Mechanical energy generates EM energy

0         BVE
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- Magnetospheric dynamics

S +

_

E



~ 40-120 kV

- Magnetospheric dynamics



 

1989.3.13

[after Boteler, 2011]

Geomagnetic Induced Currents





Transformer  
damage

Failures of GPS based 
positioning 

Polar flights r

erouted

NOTAM

Airline communication imp

acts

Oilfield services instrument 
Interference

SatComm and HF 
outages

Nuclear power 
plants reduced 
power

Widespread HF outage over 
African continent

SatComm and HF 
outages

Over 130 hours of HF communication blackout in Anarctic 

Japan’s Data Relay Test 
Satellite safe mode

Reported impacts from a storm in October, 2003



Jeju

Jeju

http://www.spaceweather.org/



- The near-Earth space provides a broad range of temporal 
and spatial phenomena from single-ptl to MHD, which can 
be confirmed in in situ observations. 

- MHD disturbances & waves tend to effectively affect 
geomagnetic variations in the sense that relatively large-
scale EM variations occur with considerable amplitude.

- In terms of spatial and temporal scales over CLIC’s 
criterion, it seems that natural sources from “Space” such 
as dB~nT over dT~1 sec can be well incorporated (Space 
Weather should be monitored, though). 

- In addition, local conductivity variation should be checked 
in advance by comparing B(t) at the two “Ground” ends. 
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