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Hence, we can study charged particle motion in the absence of collisions
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Kinetic theory of collisionless plasmas
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Velocity vector rotates with constant speed v, = \/ G
with angular frequency €
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Motion in a uniform steady B (zero E)
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Motion in a uniform steady B (zero E)
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~ Motion in a non-uniform steady B (zero E)
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The Lorentz force I1s perpendicular to B and hence has a component
bointing away from the direction of increasing field strength. This decreases V
and since | V| is constant, V; must increase. Eventually, v - 0 and the

barticle 1s repelled (“mirrored”) from the region of increasing B.
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- Motion in a non-uniform steady B (zero E)
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Motion In a non-uniform steady B (zero E)
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e mirror point depends only on pitch angle - not particle energy or species
Particles with smaller prtch angle mirror at higher field strengths

The magnetic flux threading each gyroradius Is constant

Particles can be trapped on e.g. dipole fields or magnetic bottles
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Fffect of K perpendicular to B
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Frozen-in Flow
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Particle motion then comprises velocities parallel and perpendicular to the
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Breakdown of Frozen-in approximation
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Breakdown of Frozen-in approximation
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Breakdown of Frozen-in approximation

t ed drnct occurs when the magnetic field is curved, i.e. its directi
ﬂg B This Is called the curvature drift.

- '.. v‘ '.-‘.
' _.- c-,:. \_4.\‘?‘_ J.:.‘ \
o L
e -;i"x.'t\
3 -‘ :..:‘, ut hf;fl, -
Pras R o Sy .3
N 1.3"—
P b — 25"
J[fﬁ" e
AT ASE

S AL D = = b
R T AT - SeRs s
3 a P> DI Soa?) od d. S o™ i .
".',’.‘ﬁ.-- =T : R BR ik e
l R £t S e
;- ',.. .l ’ - (gt .\ f\
o
> 2

system plasmas at thermal (eV-keV) energies, (E/B
so the frozen In approximation Is reasonably valid for solar system
At high (MeV) energies particle drifts dominate and F-I-F breaks down
Where the spatial scale of gradients becomes small (e.g. near boundaries
such as the magnetopause) F-I-F even at low energies

UNIV ERS IR
: LEICESTER

'l *‘ <




Kinetic theory of collisionless plasmas J. D. Nichols
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- Effect of collisions
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Fffect of collisions
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Fffect of collisions

_°~-'_Z'_""*5_‘3.;; T :’,!

Noils

is eq 4 th
S ec o the
. ) \ _*.ﬁﬁ.zg .‘

¥z ) PEEs

e o"\_ 0
O

!

UNIVERSITY OF
LEICESTER

A



“collisionless plasmas

Fffect of collisions
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[sotropic particle distribution functions are invariant with field strength
-implication: number density and pressure constant on a field line
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Increasing field strength isotropises the distribution to that shown in blue
Implication: number density and pressure increase with B
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