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The central star of our solar system - the Sun
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Earth shown
for size comparison

Mass loss by the

expanding solar atmosphere,
l.e. the solar wind:

~ 1 Mill. tons per second

1996/12/22 01:10






The solar wind = expanding atmosphere of the Sun
highly conducting plasma,
radially propagating
(300 km/s <v < 2000 km/s)




The solar wind = expanding atmosphere of the Sun
highly conducting plasma,
radially propagating
(300 km/s < v < 2000 km/s)

The

sa
solar magnetic field -
drawn out of the Sun
by the highly conducting
solar wind plasma. |
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Proton density
Electron density

He?* density

Flow speed (~ radial)
Proton temperature
Electron temperature
Magnetic field strength
Sonic Mach number
Alfvén Mach number
Mean free path

6.6 cm
7.1 cm—3
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450 km s~1
1.2 x 10° K
1.4 x 10° K
7nT
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Interaction between the solar wind and planetary magnetic field

lasmamantel

Magnetschweif

Sonnenwind
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Solar wind bulk flow = super-sonic flow Vnic =




Interaction between the solar wind and planetary magnetic field

Magnetschweif

Sonnenwind

Bow shock:

Transition of solar wind plasma | | %t — M_Bt] =0,
described by the i
Rankine Hugoniot equations. (1 P) B* B




magnetopause
currents

plasma sheet
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Plasmasheet
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1st reconnection =
start of the cycle
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transport
over the poles
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2nd reconnection
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Release of energy
(the stretched
configuration
contains additional
energy to accelerate
plasma)

impulsive
acceleration

Courtesy Prange, 2006



ejection of
plasma into
the magnetotail
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returning of a
« magnetic loop »
back to the dayside

Courtesy Prange, 2006
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Morgenseite dawn

Mugnetopuu%é Magnetopause
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PLANETARY AURORAE

a fascinating phenomenon at and around the
magnetic poles of magnetized planets

Earth Jupiter Saturn
Dynamic Explorer ) HST-STIS HST-STIS
UV - 130 nm UV - 150 nm UV - 130 nm

(Courtesy . L. Frank) (R. Prangé & L Pallier) (R. Prangé & L Pallier)



PLANETARY AURORAE

a fascinating phenomenon at and around the
magnetic poles of magnetized planets
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Dynamic Explorer ) HST-STIS
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B=-grad®

O = rpi(rp / r)“*l{zn: P"(cos 19)[g;“ cosme+h." sin mgo]}
n=1 m=0

() magnetic potential

r planetary radius

P Legendre polynom

K¢ polar distance angle
m jam

spherical harmonic coefficients



Planet
(Radius in km)

Modell

Erde
(6378)

IGRF 85*

Jupiter
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M dipole ) I 1l
= ecliptic plane, seen edge on
solar wind bulk velocity
t, t,
+ 1% planetary rotation
Q,fi Q,M
Earth 23.45° 11.4° _
- o o ,Symmetrical®




MAGNETIC FIELD
OF_JUPITER




Uranus (1986)

—

= ecliptic plane, seen edge on
solar wind bulk velocity QM
dipole
t, t,
+ 1% planetary rotation
Q,f Q,M

Uranus 97.8° 58.6°
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= ecliptic plane, seen edge on I
solar wind bulk velocity

t, t,

+ 1% planetary rotation

Q,n QM
Uranus 97.8° 58.6°




JAdvertisement” for tomorrow:
Space missions to the outer planets

Saturn, as seen by Cassini




