CHAPTER 1

Earth magnetic field.

Planet rotation and core at the
origin of the magnetic field.

Charged particles motion in the
magnetic field of the planets.

Van Allen belts and plasma
torus of Jupiter due to lo.

Magnetosphere of a planet.



Earth magnetic field

Origin: Origine:
convective
currents in the
outer fluid core
coupled to the
planet rotation.

North geographic “South magnetic
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Dipole field:
90% of the
total field.

North magnetic -~ \ 7 South geographic
pole pole
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@ 97-99% Campo principale dovuto a correnti nel nucleo
@ 1-2% Campo dovuto a rocce magnetizzate nella crosta

@ 1-2% Campo esterno prodotto da correnti attorno alla Terra



Earth Structure
{Not to Scale)

Crust
0-100 km ;
thick Lithosphere
Crust and upper most Mantle

Quter core :
2900km - 5100km deep

Inner core
5100km to 6378km deep

6,378 km

Tomography based on sismic waves
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Particle motion in Rayleigh waves
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Con le onde sismiche e possibile eseguire
una 'tomografia’ della Terra.
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The Earth nucleus is partly liquid (outer
core) and partly solid (inner core) because
the temperature growth is slower than the
pressure increase and the line of the fusion
temperature is crossed. In the inner core
P~ 350 Gpaand T ~ 5700 K.
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Equation for the magnetifield B in a plasma (sigma
is the conductivity). Is there a solution to this
equation where the plasma velocity generates a
self-sustaining B ?
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Classical example: the presence of an initial
magnetic field B and the rotation motion
generates a current which, passing through
the bottom coil, generates a new magnetic
field. Once the cycle is started, B is self-
sustained.



The Earth magnetic filed flips about every
250000 years. (On average it is almost
random...). How do we know of the flip?
Sediments!!

Magnetic Reversal  Age in Millions

Rocks become magnetized in Time-Scale of years
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Magma flows out of the crust with T > T di
Curie and it is not magnetized. When it
cools down, it becomes magnetic and the
orientation is that of the Earth B.

Earth's Magnetic Field Diraction
Magnetite Grams

T= &680°C (Curie Temperature) T=5880°C (Curie Temperature)



Numerical model simulating the
evolution of the magnetic field of the
Earth. The MHD equations are solved.

Hydro-simulations of
Glatzmaier-Roberts: the
convective motions in the
outer core are modeled. The
reversal of B lasts only a few
thousands yrs.










€ = obliquity a = angle between the B dipole and rot axes
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Classical dipolar field:

_2uym M= magnetic moment
B = COS O
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Units: Tesla
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T = 10000 Gauss



Earth magnetic field: dipolar approximation
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Magnetic field along field lines.
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Moto dominante:

giromagnetico
Moto di drift 1: %’
gradiente e curvatura g e ]
del campo B e forze g Q;_Q ! @
esterne. §

Moto di drfit 2:
componente
della velocita
iniziale lungo la
linea di campo
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Quando il campo magnetico e inclinato, appare una
forza repulsiva (si vede scomponendo le
componenti di B). La forza é infatti perpendicolare
alle linee di campo.

otal
magnetic
force




Fasce di Van Allen

m INTERNA: R~ 1-3 R; (max. 2 R;) Composizione: p* (10-50
Mev) e-,p*,0* (1-100 Kev) N*,He*, C* (~50 Mev)

m ESTERNA: R~ 3-9 R; (max. 4 R;) Composizione: e (10 Mev)

MIRRORE FOINT

Inner proton belt

Outer electron belt
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| satelliti devono orbitare fuori dalle Belts altrimenti ci
sono problemi con gli strumenti elettronici.

Cuter Balt
o 12,000 = 25000 miles

GPS Salelites
© 12,500 miles

Geosynchronous Oribit {G50)
HASA's Solar
N i\ J Oynamics Qbservalory
Inaes Bedl — \ - Z2000 mibes
1,000 — 8,000 miles ) ;

Low'- Earth Ovbil [LEO)
Internationsl Space Station
230 miles




S00km alt.

Anomalia del sud
Atlantico: la fascia di Van
Allen interna é allineata

con il campo magnetico

che e inclinato rispetto

all’asse terrestre e

leggermente spostato

Earth's
Surface

rispetto al centro della
Terra. Di conseguenza al
Sud la fascia di Van
Allen si avvicina di piu
alla Terra e genera
'anomalia. Radiazioni
piu intense e campo
magnetico indotto dalle
cariche maggiore.

© e=a 1984

Rotational

Axis\

Inner
Radiation
Belt

Inner
Radiation
Belt

Center points
are not coinciding

M ti ///;'
agnetic South Atlantic Anomaly

AXis
(200km from Earth's Surface)




GIOVE: Fasce di Van Allen + Toro di plasma che circonda
orbita di satellite lo (5.3-8 R, con R~71500 km)

PHAElCn
(2 ]

Il toro e prodotto
dall’emissione di
particelle da parte di lo
(attivita’ vulcanica)



MAGNETOSFERA
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MAGNETOSFERA: derivazione delle dimensioni
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