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Validity

magnetic gyro motion gyro period > 71
moment
longitudinal  longitudinal bounce period T > T}, > TL
invariant velocity of GC

and g const

perpendicular T 2> Td 2> Th 2> TL

velocity of GC

flux invariant drift period

and g and .J const

Specific energization mechanism for each invariant
J7 W, changed by changing the Larmor radius (i.e., |B|)
J: W, changed by stretching or shortening the magnetic bottle

D: W changed by compressing or expanding the drift surface



H otaBepotnta twv adtafatikwv avaAloilwtwyv
KOLTOPYELTOL OTOV Ol YEWHAYVNTIKEC SLATAPAYEC,
nov epdavilovial otn payvntoodalpa,

£XOUV GUXVOTNTEC CUYKPLOLMEC | LEYOAUTEPEC
OUTtO TLC OUXVOTNTEC

TWV TPLWV AVTLOTOL{WV OTLC AVOAAOLWTEC
XOLPOLKTNPLOTLKWYV TIEPLOSIKWV KLV CEWV

TWV CWHOTLOLWV:

1. TnC yupokivnoncg yupw orto to B

2. TNC avaKAoLoNC Kata HnKoc tou B

3. TnN¢ oAloBnonc yupw amo tn 'n




ALaTapoXEC TTOU KATAPyouLV
N Slatnpnon Twv avaAloilwtwv

Moayvntoodalplkn ouprnieon (compression): @ /
akTwIkn dwaxvon (radial diffusion)

Ertitayuvon otn StevBuvon oAiloBnonc amo nAekTpka
niedia: @ / aktwikn dtaxvon

Ertitaxuvon otn dtevBuvon avakAaong amo
LLKPOTOAOVTWOELC 1] TTWOELS SUVAMLKOU: J / OKTLVIKN
dlaxvon kat okedoaon ywviag KAlong

KuKAOTPOVLIKN ETLTAXUVON AOYW CUVTIOVIOMOU E
kOpata: 1 Kot J / okédaon ywviag kKAlonc
AMnAentidpaon Coulomb pe tnv atpoodapa: p kat J /
okedaon ywviac kAlonc
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Effective Diffusion Coefficient

For purely adiabatic motion: D2diabatic  ( (no actual diffusion occurs).[112]

Gyro-Resonant Scattering

In contrast, gyro-resonant wave-particle interactions produce rapid, stochastic pitch angle diffusion

on much shorter timescales.[Z181[2][1]

Typical Diffusion Coefficients

For resonant interactions with whistler-mode chorus waves at L~7:

e Low energies (0.5 MeV): Dgy ~ 107> to 10~ * rad?/s
e High energies (1-1.5 MeV): Dgy ~ 1076 to 1073 rad?/s

These values correspond to pitch angle scattering timescales of:

(Aa)*

Tscatter ™~
D
aa




For a characteristic pitch angle change of Aa ~ 0.1 rad (~ 6°):

®  Tyatter ~ 102 to 10* seconds (minutes to hours)

However, these are average timescales. In strong diffusion or nonlinear regimes, scattering can be

much faster:[10][11]{12]

e Nonlinear phase trapping: Sub-second to seconds for significant changes[111[10]

e Strong diffusion limit: Electrons scatter into loss cone in less than one bounce periodll

Direct Comparison

The key distinction is:

Process Nature Timescale Diffusion Coefficient

Adiabatic motion Reversible, deterministic Infinite (no actual diffusion) D,, =0

Resonant scattering Irreversible, stochastic Minutes to hours (quasilinear) 107° to 1073 rad?/s
Seconds (nonlinear)




2VVETEIEC TOV KOVOL OTTMOAELNG



Kwvog amwAglag

Av gva cwpatidlo ocuvavtnoeLl Tnv atpoodalpa PV oo
10 onueio avakAoong, Ba yaBbel. Auto cupfalvel otav n
ywvia KAlonc elvat moAU pkpn Kat AOyw tng dtatnpnong
TNC mpwing adtoBatiknc avaAlolwng, xpetaletol oAU

ueyaio By, yla tnv avakiaon. 4
B
Ta cwpatidla mov otov

LONUEPLVO £XOUV ywvia
KALONG TOOO MLKPN WOTE VAl
glval «KOTAOLKOAOUEVOL» VOl
xaBouv otnv atpoodalpa,
opl{ouV TOV KWVO QTTWAELOC

Loss cone



Kivhon avakAaong cwpatidiov Kot kwvog dtaduyng

MIRROR
/ POINT

hhhhh

['ovia kKAlong evrog
TOV KMOVOL OLaPUYNC.
To copatiolo oev
avoakAdtot, cuveyilel
TNV EMKOELON Kivnon
Kot unkog tov B
KO YOVETOL GTNV
ATULOGP AP

['ovia KAlong eKTOC
TOU KMOVOL OL0PLYNG




Kwvoc dtadpuync (loss cone)
Kol UETOC (precipitation)
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Figure 2.8: The relation of mirror height to equatorial pitch angle, and the concept
of a loss-cone angle.
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‘Eva Aapmpo
(KUPIOAEKTIKA KAl HETAWPOPIKA)
AMOTEAEOUA
TOU UETOU NAEKTPOVIWY

(electron precipitation)






Bopelo ZEAaC
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Yetoc (precipitation)
“Rain down on me from a great height”

RADIOHEAD
PARANOID ANDROID CD1

Radiohead

One of the most
accomplished and
influential art-rock bands
of the early 215t century.

OK Computer (1997) stands as
Radiohead's defining
masterpiece and one of the
most acclaimed albums in
pbopular music history.

https://www.youtube.com/watch?v=Lt8Afle|Oxw



https://www.youtube.com/watch?v=Lt8AfIeJOxw




MayvntokeAudoc L
[MpoBoAn otnv emidpavela tnc 'nc




MayvntokeAudoc L
[MpoBoAn otnv emidpavela tnc 'nc

South Atlantic Anomaly



H téxvn tn¢ Katappupnc NAEKTPOVIWVY
aka
How to shoot down nasty electrons




Shooting down electrons

r TANFORD
ELECTRICAL

ENGINEERING

VLF electromagnetic waves,
created by lightning, transmitter,
or otherwise, can induce
precipitation of energetic
electrons by altering the pitch
angle of their motion.
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The precipitation results in an
ionospheric enhancement which
perturbs subionospherically
propagating VLF signals beneath the
disturbed region
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HAARP

Dennis Papadopoulos

tion belts
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| | Controlling radiation belts: HAARP
i

e Greek connection: Dennis Papadopoulos
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