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Tpla emineda eplypadnc

AkpLBNc LkpoduoLkn eplypodn:

Single particle description: tenuous plasma with
strong external fields (e.g. Van Allen belts),
important for gaining insight into physical
processes involved (e.g. particle energization)
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Tpla emineda eplypadnc

Kwntikn Bewpla (otatiotikn epypadn):

For a system with a large number of particles it is
neither possible nor desirable to determine the
motion of every single particle. The statistical
approach focuses on average macroscopic
properties.

Kinetic theory averages out microscopic information
to obtain statistical, kinetic equations. No knowledge
of individual particle motion is required to describe
observable phenomena.



H cuvaptnon katavopunc f(r,v,t)

Slvel TNV aplBuNTIKA TTUKVOTNTA

otn povada oykou dx dy dz dv, dv, dv,

Tou eadlaotatouv xwpou dacswv (r,v)

TN XPOVLIKN oTlyun t.

To oAoKANPWHA TNC CUVAPTNONC KATAVOUNC
(ty Maxwell, petatoniopevn Maxwell, kappa)
w¢ tpoc dv pac oivel tTnv aplBunTtikn
TTUKVOTNTA N TOU TTAQLCOMOTOC 0T povada
OYKOU TOU XWPOoU



Kappa distribution ~ Maxwellian with high-energy tail

The tail follows a power law  f(W) ~ (Wy/W)
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Plasma description

Plasma as a collection of particles

The properties of a collection of particles can be
described by specifying how many there are in a 6D
volume called phase space.

f« 7

The density of particles of species "s (number per unit

volume) is:
n (7,t) =ffs(l7,\7,t)dv

OAokAnpwvovtac to n w¢ npo¢ dx dy dz, Bplokoupue tov
OUVOALKO 0.plOUO OCWHOTLOLWY OTOV CUYKEKPLUEVO XWPO

N(t) 2/?1 dr dydz.



ATIO TLC POTIEC TNC OUVAPTNONC KOTAVOUNC
LTTOPOU UE VA UTTOAOYLOOU E AAAEC LETPNOLUEC
TTOPOLLETPOUC TOU MAQopATOC (TTY TaxvTnTO
ponc cwpattdblwy, KlvnTikn Beppokpaocia,
nileon, pon Bepuotntog)

Average velocity (bulk flow velocity)

u (7,t) = fvf(? V t)dv/ff(r Vv, t)dv



Average random energy

<%ms(\7—ﬁs)2 >=f%ms(\7—iis)zfs(?,ﬁ,t)dv/fﬂ(?,ﬁ,t)dv
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Vlasov equation

H e¢élowon Vlasov ival n kwntikn eélcwon
yLa Tn ocuvaptnon Katavounc (= eélowon
Boltzmann amoucia kpovoewv — collisionless
plasma):

df df q of
f -V f | i (E+\’ X B) * f —
ot Jr m AY

()




OloxAnpwvovtog v elowon VIasov otov
YOPO TOV TUYVTNTOV, TOIPVOLUE TNV EEICMON
GLVEYELNC TOV PEVGTOV:

on,
Ot

{ T ' ( N o V('l‘ ) =0

In the absence of any interaction process which creates or annihilates particles, the
particle number density is conserved during the motion of the fluid




Tpla emineda eplypadnc

Peuotoduvapukn (LoKpOOKOTILKN TtEpLlypadn):

Macroscopic plasma theories are fluid theories at
different levels:

single fluid (magnetohydrodynamics MHD)

two-fluid (multifluid, separate equations for
electron and ion fluids)
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