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Kivnon @opTICMEVWY CWHATIOIWV

[upokivnon =2

1" adraPatikn avalloiwtn =2

Kivnon avakAaonc (bounce motion) 2
2" adtafatikn avaAdolwtn =2
OAioBnon -2

3" adtafatikn avallolwtn



Mpwtn adrafatikn avaAloiwtn
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1" adrtafotikn avaAlolwn

Poincaré Invariants:

I=j§ p-dq,
Cl]

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 U
cyclotron frequency H 2B
conservation of magnetic moment
oL = v ;’w{]- Gyro-radius or (1%t invariant)
Larmor radius

w, = gB/m.



Mpwtn adiafatikn avaAloiwtn

MayvnTtikn pomnn:




Mpwtn adiafatikn avaAloiwtn
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AvaA\olwTn - yla TToLEC cUVONKEC;
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Mpwtn adiafatikn avaAloiwtn

sin’(¢;) sin’(a,)

Bl B2

JUVETIELEC TNC dLatnpnonc

yLa TNV Kivnon tov cwpatdlou;



0Ooo peyaAwvel to B,
MEYAAWVEL KoL TO sin(a).



0Ooo peyaAwvel to B,
MEYAAWVEL KoL TO sin(a).
Note/yiati peyaAwvel to B;



MAGNETIC FIELD LINE
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)3 \/(1 + 3cos?6)



MAGNETIC FIELD LINE

Figure 3.1. Dipole field coordinate system.
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Ooo peyaAwvel to B,
MEYAAWVEL KoL TO sin(a).
MExpL MOTE;
Mexpt va yivel 90 poipeg.









MAGNETIC FIELD LINE



Ti dALO TopaTpOLUE OTL YIVETOL;



r.=mv,/qB =

=m v sina/ qB



Mpog tn ' (xaunAotepo vyog)

N YUPOOLKTLVA LLKPOLLVEL






Ta cwpotidla avakAwvVToL EKEL TTOU
a=90°

Apa avaKAWVTOL EKEL OTIOU:
B/B.,=1/sin*(a

D 1y
Sl\h'lo( g‘w\q\ W Mﬂ ) 1
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Apa yla To onpeilo avakAoonc LoxueL:

By = Beo/Sin*(0teg)



Apa yla To onpeilo avakAoonc LoxueL:
By = Beo/Sin*(0teg)

TTOU ONMOILVEL OTL
av n ywvia KALong a,., 0ToV LONUEPLVO
elval TIOAU ULKpN,
T0 ocwpoatidlo dev avakAatal




yloti 6ev avakAdTol;




yloti 6ev avakAQTOL,;

ALOTL TO By, TElVEL OTO QmeLpo



MayvnTiKoi KOOPEPTES

Vo
Ta QOPTIoUEVA CWUATIDI W
no

QVOKAWVTAI EKEI TTOU
B/B, = 1/sin%a . = b

AV N o, gival TOAD pIkpR,  — PR B

TO CwuaTIdI0 dev avakAaTa! M

AnA. di1a@evyel. coil

B(z) Bm
sino., = (B,/B,,)"2 /\/\
on = loss cone angle”. Bo
B../B, = “magnetic mirror ratio”
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[Tl avoKA®VTOL TO GOUATIOW

AOY® TNEC OLOUOYVITIKN G OVVOUNG
TOPAAANAC GTO LOLYVNTIKO TEOLO UE
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100 5 Motion of a Particle in Fields

Fig. 5.7 The diamagnetic
force acts on the guiding

center moving along the
symmetry axis of a magnetic F \
mirror configuration * i




1" adraBatikn avoaAlolwtn

sin’(¢;) sin’(a,)

Bl B2

JUVETIELO TNC HN-dtatinpnong

yLa TNV Kivnon tov cwpatdlou;



2VVETELD TNC OloTpnone TS 1M a.a.:

N Kivrion ovomnonemg



W\,ﬂ

Trajectory of
trapped particle

Al

Magnetic field line



1" adraBatikn avoaAlolwtn

sin’(¢;) sin’(a,)

Bl B2

YJUVETIELEC TNC MN-OtatRPNoNG

yLa TNV Kivnon tov cwpatdlou;



H Téxvn TNC KaTdppiync NAEKTpoviwv
n:
How to shoot down nasty electrons




Oplakn YoOVid 0 - KOVOL OTOAELOS

sin?oy . = (416 — 3L5) 12



Oploxr yovia 0, KOVOL OL0pLYNG

sin?oy . = (416 — 3L5) 12

H oplaxn yovia yivetot

LEYOADTEPN N LIKPOTEPT] GE YOUNAOTEPO DYT;



Oploxr yovia 0, KOVOL OL0pLYNG

sin?qy - = (4L — 3L5)12
XOPOUKTNPIOTIKES TINES:
L=6.6 =>aq,=2.5°
L=4 =>q,=4.3°
L=2 =>o0,=16°
L=15 =>o0,=27°



OAtoOnon (drift)




OAtoOnon (drift)

H edbappoyn pLog emmAéov eEwteplkne SUVOUNC
avaykalel to cwpatidlo va «oAloOnoe»

Ac SoUpE WG



' E, ' |

. ' ION
' ELECTRON
e os () () 0

——=FxB

H véa duvapn petaBAaAAeL Tn yupoakTtiva




OAtoOnon (drift)

H epappoyn pog emmAeov e€wtepknc SUVOUNG avoyKAleL
T0 owpatidlo va oAloBnoel kaBeta oto B ko otn véa duvaun:

dv
m—"=F s v (O)=— 4 (0)
— ext|| I 1
dv _ = = dt m
m?=qva+Fext e
; m St =5, xB+Foy— v, (1)=7,(0)+7,
17m (t ) = Tlupokivnon (apetdBAntn)
_ F_[B
Vp = = Tayxvtnta oAicOnong
2
qBb




Av F = gE
Vp = qE x B / qB? = ExB/B?

Autn elvoal n

E x B drift
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Accelerated by the E field and
thus the gyroradius is larger on
this part of the orbit
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2 NULOVTLKO:

Vp = ExB/B?

H oAloBnon autn eiva aveéaptntn

ko Ttnc paloc ko tov poptiou!



Grad-B Perpendicular to the Magnetic Field

* The intensity of the magnetic field 1s changing only in
the plane perpendicular to the field itself
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Grad B

Vgrag = 1/2 m v? (B x gradB / qB°)
H oAtoBnon autn e€aptartal
KOl arto TN pada Ko oo TV EVEPYELA
Ko arto to poptio!



2 uvduaopog ExB kai gradB



Kivnon 1I0vTwyV Kal NAEKTPOVIWYV

UTTO TNV £mmidpaon oAiocbnong gradB

equatorial plane of magnetosphere%
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