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MOYZIKH IIPOTAXH THX HMEPAX

Manfred Mann’s Earth Band
Time is right

https://youtu.be/k94hJPc-
kaM?si=WQUx8fLzHWLcj-aP
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MOYZIKH IIPOTAXH THX HMEPAX

Manfred Mann’s Earth Band
Time is right

https://youtu.be/k94hJPc-
kaM?si=WQUx8fLzHWLcj-aP

from “Nightingales and bombers”
As above so below
https://youtu.be/b00nVxuc7DA?si=i

aUgsBtzFtlk3gMh
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The temple of the king ‘

https://youtu.be/B7nKzCRL_007?si=9
AqgadrtDclAmk_1g

from “Richie Blackmore’s Rainbow”
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Awaotnuwkn Puowkn, Kebpaiawo 3
(https://repository.kallipos.gr/handle/11419/11507)

Physics of Earth’s Radiation Belts, Ke¢aAato 2

(https.//link.springer.com/content/pdf/10.100//978-3-030-
82167-8.pdf)
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Periodic motion

e Energetic particles
undergo three types of

periodic motion:

- They gyrate around the

magnetic field

- They bounce between
the mirror points

- They dnlt around the

Earth

Assoclated adiabatic

mmvariant

T

1 MeV electron, oo = 45°, .= 4.5

R
oy
A X R

KRR R AKX
ulll'l'l'l'l'l""!l'l"“llI1-

o
A

bounce
motion

3 Hz

0.36 s

J = jlmak

bounce

drift
motion

1 mHz

15 min

cD:deS

drift



Kwwnoeiwc OAtoOnonc (Drift)

B upward Charge
through the paper positive negative

B homogenous

E homogenous

<D <D
Gravitation
& b

Inhomogeneous B

CEL I I VU VS N




Specific Particle Drifts

9
‘ ION

¢ GraVity: vg = 5 ELECTRON
4B i oes () () 00
Iy ‘-“ y ‘-.*I r \ a-' 1.1
- FxB tb
=  Electric Field: v, = ExB VAVAVAWY.
B2 CH ] eV aTaTa i \ rs
1] | ;II [ l:' |r \,: |
I".'\\. v’_‘-." WO AN Y,
i (BxvB)
= B-Gradient: vy, = et BX3VB ‘\'”-“QT' \ /. 'xj ]
29B R Nt
=  B-Curvature: — m"|2| (Ec xB ) euccreon {
) TN OF ’m

T 4RB?




Forces on charged particles
(single particle theory)

— Electric force F.= qE
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— Electric force F.= qE
— Magnetic force Fgz=qvxB
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Forces on charged particles
(single particle theory)

— Electric force F.= qE

— Magnetic force Fgz=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.

dav
&N G E+vB
m— g-E+vIIB-

d
izv(x,t)

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)



Single Particle Motion

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

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.



Baokn kKivnon ¢opTlopevou cwpatidlou

Kivnon ¢optiopevou cwuatidiov g
0€ NAEKTPLKO KOl LLAYVNTLKO TIESLO
KATw armo tnv enidpaon tng duvaung Lorentz:



Baokn kKivnon ¢opTlopevou cwpatidlou

Kivnon ¢optiopevou cwuatidiov g
0€ NAEKTPLKO KOl LLAYVNTLKO TIESLO
KATw armo tnv enidpaon tng duvaung Lorentz:

F:m%=q(E+‘7xB)+F



Baokn kKivnon ¢opTlopevou cwpatidlou

Amt\ovotepn meplmTwon:






F q(VDE)

Velocity

Circular orbit around the
magnetic field
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Velocity
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Circular orbit around the
magnetic field



2 £ OTATIKO, OpOYEVEC HayvnTIKO Tredio B,
ue E=0 kai xwpic aAAn duvapn,
TO POPTIOUEVO OWHATIOIO EKTEAEI
KUKAIKA Kivnon yUpw amé Th OUVApiKkA ypduph Tou B

Velocity

Lorértz force

Circular orbit around the
magnetic field

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

mﬁzqva
dt

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

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

mﬂzo mde
d dt

N, _4g v, xB=v, xQb with
dt m

q5 B
m

=qv, xB or

QQ=-—, b=—, Q is the angular gyrofrequency (Lamor frequency)

B

—If q 1s positive particle gyrates in left handed sense
—If q 1s negative particle gyrates in a right handed sense
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MagEIS:
Magnetic Electron Ion Spectrometer
of Van Allen Probes
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MagEIS:
Magnetic Electron Ion Spectrometer
of Van Allen Probes
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Kivnon ¢optiopevou ocwpatidiov
O€ YoyvNTLKO Tedlo

v, = const



Kivnon ¢optlopeEvou ocwpatidiov
O€ HayvNTLKO Teblo

v, = const



Kivnon ¢optiopevou cwpatidiou
O€ LAYVNTLKO Ttedio

v, = const

M v, # 0, TLKivnon Ba Exouue;
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Elval n ywvio peto€l tou SLavuopatoc TnNC TaXUTNTOC
TOU cwpatolou Kal Tou poyvnTtikou mediou
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o= tan{vlj
i

Mo cwpatidla tne dlog ToxvTNTAC, MLKPOTEPN O CNMUOLLVEL ...



Elval n ywvio peto€l tou SLavuopatoc TnNC TaXUTNTOC
TOU cwpatolou Kal Tou poyvnTtikou mediou
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[ePLOSIKEC KIVNOELC

AdLoBatikec avallolwTtec (kata
nPooEyylon otabepec tnNC Kivnonc)



H otaBepotnta twv adtafatikwyv avallolwtwv
elval amoppola tn¢ otaBepotTnTog
TOU oAoKkAnpwpatog dpaong J - action integral,

yvwotou Kal w¢ Poincare Invariant

J; = f{ p;dg;




J; = fg pidq;

To J urtoAoyiletal o€ pa KAELOTNA TEPLOXN

OTOV XWPO PACEWV TWV culLywv PETABANTWY p Kal g,
n omolio MePLKAELETOL ATTO

NV mepLodikn Kivnon otn petaBAntn qg.

Alatnpel otaBepn TN

OTAV TO VEVIKEUMEVO SUVOLKO U

riov ennpeadel (N kaBopilel) Ttnv mepLodIKn Kivnon,
LETOBAAAETAL OLPYA CUYKPLTLKA E TNV MEPLOOO TNC
Klvnong otnv omnola avadpePOUAOTE.



H YEVIKEUMEVN GUVTETAYHEVN |
OTNV MEPLNTWON TNC Kivnong cwuatidiwv
O€ ML TAOVNTIKA payvntoodotpa
glvou
N LETAPANTH TNC EKAOTOTE MEPLOBLKAC KIvNoNG
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H YEVIKEUMEVN GUVTETAYHEVN |
OTNV MEPLNTWON TNC Kivnong cwuatidiwv
O€ ML TAOVNTIKA payvntoodotpa
glvou
N LETAPANTH TNC EKAOTOTE MEPLOBLKAC KIvNoNG

2tnVv Kivnon avanndnong eivatl n peTatonon Tov
oWHATIOOU KATA HAKOC TNC HOYVNTIKAC YPOMMNAG



H YEVIKEUMEVN GUVTETAYHEVN |
OTNV MEPLNTWON TNC Kivnong cwuatidiwv
O€ ML TAOVNTIKA payvntoodotpa
glvou
N LETAPANTH TNC EKAOTOTE MEPLOBLKAC KIvNoNG

2tnVv oAloOnon yupw armno tn 'n elvat n HETATOTLON TNG
VONTAC YPAUUNC avartiénong Tov cwpatidiov Kadwe
nepltpEpetaL yOpw amo tn n



AdLaBatikec avoAAOLWTEC

An adiabatic invariant J

is a property of a physical system

that stays constant (dJ/dt=0)

when changes of/in the system occur slowly



AdLaBatikec avoAAOLWTEC

An adiabatic invariant J

is a property of a physical system

that stays constant (dJ/dt=0)

when changes of/in the system occur slowly

Also known as Poincare Invariants



AdLaBatikec avoAAOLWTEC

An adiabatic invariant J

is a property of a physical system

that stays constant (dJ/dt=0)

when changes of/in the system occur slowly

— —  ———

B

L
Y€ TIEPLITTWON MEPLOSIKAC Kivnonc oL a.a.

Sratnpouvtat Otav N Xpovikn KALpaKo Twv
aAloywv tou emnpealouyV TNV Kivnon ivaul
gyaAUTEPN Ao TNV NEPLodo Kivnong




[epLOSIKEC KLVNOELC

AdLapatikec avaAlolwTeC (kata
npoosyylon otabepec tnc kivnonc)

XopaKTNPLOTLKOL XpOvol
(replodor/ouyxvotntec)



Kivnon @opTICMEVWY CWHATIOIWV

[upokivnon =2

1" adrafatikny avaiioilwtn =2

Kivnon avakAaonc (bounce motion) =2
2" adLaBatikn avalloiwtn =2
OAiocBnon =2

3" adtafatikn avallolwtn



Mpwtn adrafatikn avaAloiwtn

—




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.
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