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Space Environment
Lecture 5

Plasma — Particle motion
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ETreion:

Fe >>> F



ETreion:
F.~k,=8.99%10° N-m?-C2

Fe~G=6.674x10""" N-m4-kg™



Video showing electron motion (81aBoiuo oTov UTTOGAKEAD «2UUTTANPWHATIKO UALKO)




Kivnon doptiopéEvwv cwpatidiwy

BaolkeC KIVAOELC POPTIOUEVWV CWHATLOLWV:
— lupokivnon
— AvakAoon
— OAiloBnon

Ffwvia KAlonc, kwvoc dtaduync/amwAeLoc, UETOC
(precipitation) kat anwAela cwpatidlwy

AdLaBatikec avaAAolwTeC TNC Klvnong



Kivnon doptiopévwy owpatisiwy




Kivno N dopticpevwy cwpatdiwv
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Periodic motion

* LEnergetic particles

undergo three types of
periodic motion:

- They gyrate around the

magnetic field

- They bounce between

the mirror points

- They dnift around the

Earth

Assoclated adiabatic
mmvariant

1 MeV electron, o = 45°, LL.=4.5
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Forces on charged particles
(single particle theory)

— Electric force F-= qE
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Forces on charged particles
(single particle theory)
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Forces on charged particles
(single particle theory)

— Electric force F-= qE
— Magnetic force Fz= qvxB
—Lorentz force  F = qE + qvxB

— Neutral forces F, =mg



Single Particle Motion

Consider the Lorentz force when E(x,t) and B(x,t) are specified.

dv
dt

X y(x)

q[E+VxB]

SI Units
mass (m) - kg
length (1) - m
time (t) - s
electric field (E) - V/m
magnetic field (B) - T
velocity (v) - m/s
F, stands for non-electromagnetic forces (e.g. gravity) - usually ignorable.



Baowkn kivnon ¢popTtliopevou cwpatidiou

Kivnon doptiopEvou cwpuatidiov g
0€ NAEKTPLKO KOl LAyVNTIKO Ttedio
KATWw aro tnv enidpaon tng duvaunc Lorentz:



Baowkn kivnon ¢popTtliopevou cwpatidiou

Kivnon doptiopEvou cwpuatidiov g
0€ NAEKTPLKO KOl LAyVNTIKO Ttedio
KATWw aro tnv enidpaon tng duvaunc Lorentz:

F=m%=q(§+§x§)+ﬁ



Baowkn kivnon ¢popTtliopevou cwpatidiou

AmtAoVotepn neplmttwon:






F q(VxE)

Velocity

Lorertz force

Circular orbit around the
magnetic field



2 £ OTATIKO, oHoyeVEC pHayvnTiko Tredio B,
ue E=0 ka1 xwpic dAAn dUvapn,
TO POPTIOHEVO owHATIOI0 EKTEAEI
KUKAIKA Kivnon yUpw amd Th duvapiki ypapun Tou B
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2 £ OTATIKO, oHoyeVEC pHayvnTiko Tredio B,
ue E=0 ka1 xwpic dAAn dUvapn,
TO POPTIOHEVO owHATIOI0 EKTEAEI
KUKAIKA Kivnon yUpw amd Th duvapiki ypapun Tou B

Velocity

Lorertz force

Circular orbit around the
magnetic field

How Boring!
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Uniform magnetic field,and E=0:

mﬁzqva
dt

It 1s customary (and very useful) to set v=v, + v, (natural comp.)

Note that (v, +v, )xB=v, xB. Then

mﬁzo mdvL
dt dt

N, _4 v, xB=v, xQb with
dt m

B B .
=12 , b= 3 (2 is the angular gyrofrequency (Lamor frequency)

=qv, xB or

—If q is positive particle gyrates in left handed sense
—If q is negative particle gyrates in a right handed sense
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MagEIS:
Magnetic Electron Ton Spectrometer
of Van Allen Probes
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MagEIS:
Magnetic Electron Ion Spectrometer
of Van Allen Probes
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Kivnhon doptiopevou cwpatidiou
O€ pHayvnTko meblo

Elbape OTL v = const



Kivnon doptiopevou cwpatidiou
O€ PHayvnTko meblo

Etbape OtL v, = const



Uniform magnetic field,and E=0:

mﬁzqva
dt

It 1s customary (and very useful) to set v=v, + v, (natural comp.)

Note that (v, +v, )xB=v, xB. Then

—If q is positive particle gyrates in left handed sense
—If q is negative particle gyrates in a right handed sense



Kivnhon doptiopevou cwpatidiou
O€ pHayvnTko meblo

Elbape OTL v, = const

[la vy # 0, TLKivnon Ba €xoUUE;






H kivnon pe vy # 0 €xeL
TO OXNUOL EALKOC KATA LAKOC TNC SUVAULKAC
VPOLLLLAC TOU poyvnTikov mediou




Elvat n ywvia petaél tou SLavUoUOTOC TNE TAXUTNTOC
TOU ocwpatidlou Kol Tou poyvntikou nedlou

Mo cwpatidla tne dlog TaxvTNTOC, MLKPOTEPN O CNUOLVEL ...



Elvat n ywvia petaél tou SLavUoUOTOC TNE TAXUTNTOC
TOU ocwpatidlou Kol Tou poyvntikou nedlou

... EVW LEYAAUTEPN O ONUOLVEL ...



fwvia KAlonc a




[MePLOBLKEC KLVNOELC

AbdLoPatikeC avaANOLWTEC (KaTa
npoocyyLon otabepec TNC Kivnonc)






H otaBepotnta twv adtafatikwyv avarlolwtwy
elval amoppola th¢ otaBepoTNTOC
TOU oAoKAnpwpatog dpaoncJ - action integral,

yvwotoU Kol w¢ Poincare Invariant

J; = ?{ p;dg;




J; = ?{ p;dg;

To J urtoAoyileTal o€ pLa KAELOTH TIEPLOXN

OTOV XWPO PACEWV TwV ocu{uywVv HETABANTWYV p Kal g,
N omola MePLKAELETAL OTTO

TNV meplodIkn Kivnon otn petapfAntn g.

Exel otaBepn tun

OTAV TO YEVIKEUEVO duvautko U

nov ennpeadel (N kabopilel) tnv mepLodikn Kivnon,
HeToBAAAETAL APy CUYKPLTLKA LE TNV TIEPLodO TNC
Klvnong otnv omola avapePOUAOTE.



H yeVIKEUMEVN GUVTETAYHEVN O
OTNV MEPLNTWON TNC Kivnonc cwpatdiwv
O€ MLa MAQVNTIKA payvntoodaipa
glvoll
N HETABANTN TNC EKACTOTE MEPLOSLKAC KivnoNng



H yeEVIKEUMEVN GUVTETAYHEVN O
OTNV MEPLITWON TNC Kivnonc cwpatdiwv
O€ MLa MAQVNTIKA payvntoodaipa
glvoll
N HETABANTN TNC EKACTOTE MEPLOSLKAC KivnoNng

2TNV KUKAOTPOVLKN Kivnon €ivat n HETATOMLON TOU
CWHOTLOLOU KATA KOG TOU KUKAOU TNC YUPOKLVNONG

L4




H yeVIKEUMEVN GUVTETAYHEVN O
OTNV MEPLNTWON TNC Kivnonc cwpatdiwv
O€ MLa MAQVNTIKA payvntoodaipa
glvoll
N HETABANTN TNC EKACTOTE MEPLOSLKAC KivnoNng

2TNV Klvnon avannénonc eilvat n LETATOMLON TOU
CWHOTLOLOU KATA LAKOC TNEG LOYVNTIKAG YPOMMAC



H yeVIKEUMEVN GUVTETAYHEVN O
OTNV MEPLNTWON TNC Kivnonc cwpatdiwv
O€ MLa MAQVNTIKA payvntoodaipa
glvoll
N HETABANTN TNC EKACTOTE MEPLOSLKAC KivnoNng

2TNV oAloOnon yupw amno tn I'n elvat n HETATOTLON TNC
vontnc ypappng avanndnong tov cwpatidiov Kabwc
neplpEpeTaL yUpw amno tn n



AdlaBatikec avaAlolwTeC

An adiabatic invariant |

is a property of a physical system

that stays constant (d}/d¢=0)

when changes of/in the system occur slowly



AdlaBatikec avaAlolwTeC

An adiabatic invariant |

is a property of a physical system

that stays constant (d}/d¢=0)

when changes of/in the system occur slowly

Also known as Poincare Invariants



AdlaBatikec avaAlolwTeC

An adiabatic invariant |

is a property of a physical system

that stays constant (d}/d¢=0)

when changes of/in the system occur slowly

—
Y€ TeplmTWOon mMePLOSIKAC Kivnong oL a.al.

dratnpouvtat 0tav N XPOoVvIKN KALLAKA TwV
aAlaywv nou ennpealouv tnv Kivnon sivout
geyaAUTEPN Ao TNV TepLlodo Kivnonc




[MePLOBLKEC KLVNOELC

AbdLoPatikeC avaANOLWTEC (KaTa
npoocyyLon otabepec TNC Kivnonc)

XopaKTNPLOTLKOL XpOVol
(mepiodor/ocuyvotntec)



Kivhon @OopTICHEVWY CWHATIOIWYV

[upokivnon =2

1" adroBatikn avoAlolwtn =2

Kivhon avakAoonc (bounce motion) 2
2" adlafatikn avallolwtn =2
OAioBnon =2

3" adlaBatikn avaAlolwtn



Mpwtn adtafatikn avaAloiwtn




1" adrafiatikn oavaAolwn

Poincaré Invariants:

I=j§ p-dq,
C(x)

There is an adiabatic invariant associated
with every periodic motion of a charged
particle in an electromagnetic field

i.e. gyration around the magnetic field

2
Gyro-frequency or _mu
Lie = qB / m. cyclotron frequency K= 2B
conservation of magnetic moment
oL =" /WC- Gyro-radius or (15t invariant)
Larmor radius



Mpwtn adiafatikn avaAloiwtn

MoyvnTikn pomn:




Mpwtn adiafatikn avaAloiwtn

2
lmvL

MoyvnTikn pomn:
i 2 B

AvaAlolwTn - yLa ToLeC cUVONKEG;



Mpwtn adiafatikn avaAloiwtn

] mv

MoyvnTikn pomn:
i 2 B

sin”(a;)  sin”(a,)

B, b,




Mpwtn adiafatikn avaAloiwtn

sin” (e, ) sin”(a,)

b, b,

YUVETELEC TNC dLaTtApnonc

yLaL TNV Kivnon touv cwpatidlou;



Ooo peyoAwvel to B,
HEYAAWVEL Kat TO sin(a).



Ooo peyoAwvel to B,
HEYAAWVEL Kat TO sin(a).
Note/yloti peyaAwvel to B;



MAGNETIC FIELD LINE

R
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B = \/(B’ +BQ)—B(]( ) \/(1 + 3cos?6)
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000 peyoAwvel to B,
HEYAAWVEL Kt TO sin(a).
MEXpPL TOTE;
Mexpt va yivel 90 poipeg.
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MAGNETIC FIELD LINE



Ti dALO TapatnpovUE OTL YivETOU,



r.=mv,/qB =

=mvsina/ qB



Mpog tn I'n (xapunAotepo vYog)

N YUPOOLKTLVO LKPOLVEL






Ta cwpatidla avakAwvTaL EKEL TTOU
a=90°

Apa avakAwvTtol EKEL OTIOU:



Ta cwpatidla avakAwvTaL EKEL TTOU
a=90°

Apa avakAwvTtol EKEL OTIOU:
B/Beq = 1/sin*(aq) |

. A b
Sw Lo S\ 1
- W :
/"‘\ yd S'Ao(c,

%e,\ $w ==



Apal yLOL TO ONUELO AVAKAOLONC LOXVEL:

By = Beo/Sin%(atg,)



Apal yLOL TO ONUELO AVAKAOLONC LOXVEL:

_ N2
By = Beo/Sin?(0,)
TTOU onuaivel otL
av N ywvia KALong o, 0TOV LONHUEPLVO
elval TToAU pKpn,
TO cwuatioo dev avakAdatol




viatl 6ev avokAATolL:




ylati dev avakAdtal;

ALOTL TO B, TELVEL OTO ATELPO



MayvnTIKOi KOOPEPTES

~
Ta @opTiIouéva cWUATIdIA M
no

AVOKAWVTAI EKEI TTOU
B/B, = 1/sin“a, . = b 3

AV N o £ival TOAD pikpr,  — AL T

TO CWATIdIo dgv avakAdTai! M

AnA. dia@evyel. COil

B(z) Bm
sina,, = (B,/B,,)"2 /\/\
o, = loss cone angle”. Bo
B../B, = “magnetic mirror ratio”




