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Bodies in the Solar System 



Examples of Interaction Type 

²  The Moon (of the Earth) 
²  Most asteroids 



Solar Wind Interaction with the Moon (of the Earth) 



Solar Wind Interaction with the Moon (of the Earth) 
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Bodies in the Solar System 



Examples of Interaction Type 

²  Venus 
²  Mars 
²  Pluto 



Solar Wind Interaction with Venus 

Credit: ESA 

From Waite et al. (AGU, 1989) 



Solar Wind Interaction with Mars 

From Connerney et al. (GRL, 2001) 



Solar Wind Interaction with Mars 
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Bodies in the Solar System 



Structure of Earth’s “Magnetosphere” 

Credit: F. Bagenal and S. Bartlett 



The Radiation Belts  



The Dungey Cycle 

From Dungey (PRL, 1961) 



The Dungey Cycle 
C

redit: N
A

S
A 



Ionospheric Flow Patterns 



The “Viscous-Like” Interaction 

From Hasegawa et al. (Nature, 2004) 



Magnetised  Planets Throughout the Solar System 

Mercury 
Earth 

Jupiter Saturn Uranus Neptune 

Mercury Earth Jupiter 

Saturn Uranus Neptune 

M = 8 x 1022 A m2 = ME M = 0.0004 ME M = 18,000 ME 

M = 580 ME M = 50 ME M = 24 ME 



Reminder: Typical Solar Wind Properties 
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Magnetospheres Throughout the Solar System 

Credit: F. Bagenal and S. Bartlett 



Mercury’s Magnetosphere 

From Slavin et al. (Science, 2009) 



Jupiter’s Magnetosphere 

Credit: F. Bagenal 
and S. Bartlett 



Saturn’s Magnetosphere 

toward them. Changes in absorption signatures of
energetic electrons from orbit to orbit suggest that
the outgassing rate of the plume varies on time
scales of days or weeks (4).

With the water ion source in the inner mag-
netosphere better understood, we can think about
how this plasma contributes to magnetospheric
structure and dynamics (Fig. 1). Electromagnetic
forces accelerate the newly ionized material
until it roughly corotates with Saturn, draining
angular momentum from Saturn_s ionosphere.
This rotating plasma exerts centrifugal stress on
its surroundings. Beyond 1.9 RS from the spin
axis, the stresses related to rotation dominate the
gravitational force. If the integrated mass of ions
on magnetic flux tubes crossing the equator of
Saturn near the orbit of Enceladus exceeds the
integrated mass of ions on flux tubes crossing
further out, the system is unstable to flux tube
interchange—a process in which mass-loaded
flux tubes change places with less heavily loaded
flux tubes (17). Mass is thus transported outward,
possibly with little effect on the magnetic con-
figuration. The process is analogous to that found
in gravitationally bound atmospheres, wherein a
cold dense element of gas embedded in a hot
tenuous environment at fixed pressure falls
toward the surface. The rotational interchange
process, which spontaneously carries mass out-
ward, is less often described in the magneto-
spheric context, but its signatures have been
identified at Earth (18), Jupiter (19), and most
recently at Saturn (20, 21), where they are found
over a large range of radial distances.

Currents carried in the plasma establish the
magnetic structure of the middle and outer mag-
netosphere. Beyond roughly 10 RS, the thermal
energy density (ºp) becomes greater than the
magnetic energy density (ºB2/m0), where B is
the field magnitude, m0 is the permeability of
vacuum, and p is the thermal pressure. Under
these conditions, plasma currents cause the
magnetic field to bulge out radially near the
equator (referred to as ballooning) and the plasma
expands outward, forming a plasma disk (22, 23).
Probably the most puzzling aspect of magneto-
spheric dynamics is that the field configuration
(23) and particle fluxes (24, 25) vary at the plan-
etary rotation period, as does the radio emission
in the kilometric band (26). There is, as yet, no
consensus on how periodicity is imposed by the
rotation of a nearly axially dipole field (27). The
mechanism proposed by Espinosa et al. (28) re-
quires a Bcamshaft[—some anomaly in the inner
magnetosphere that launches outward-moving
pulsed perturbations. (A camshaft is a structure
that converts rotational motion into linear mo-
tion.) The high level of symmetry of Saturn_s
magnetic field, however, made it difficult to
identify the form of the anomaly.

Cassini magnetometer data are consistent with
the camshaft model, with the modulated rate of
outflow of plasma from the inner magnetosphere
possibly linked to varying rates of interchange
and ballooning of the flux tubes linked to dif-
ferent positions around Saturn (29). Modulated
transport would then impose periodicity on both
plasma and field signatures despite the symmetry

of the internal magnetic field of Saturn. Aspects
of this picture relate to the magnetic anomaly
model introduced to describe some Jovian mag-
netospheric processes (30).

Variations of ionospheric conductance at fixed
latitude could arise from high-order multipoles of
the internal field (undetectable at spacecraft
altitudes) or from nonuniform atmospheric struc-
ture. A complete account of the process would
have to explain the source of periodicity and also
the variability of the period of kilometric radio
emissions (labeled as SKR in Fig. 1) over decades
(31, 32). Although many of these specific ideas
have not yet been tested, we can be sure that the
dynamics of Saturn_s magnetosphere are domi-
nated by responses to plasma introduced by
Enceladus.
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Fig. 1. Schematic of Saturn’s magnetosphere showing the plume at Enceladus as the source of plasma
and outflowing plasma on the night side in a region linked magnetically to a region of lower-than-
average ionospheric conductance. Red arrows indicate kilometric radiation emitted from Saturn’s polar
region (SKR). Diagram is not to scale.
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From Kivelson (Science, 2006) 



Uranus’ and Neptune’s Magnetospheres 



Uranus’ and Neptune’s Magnetospheres 

Neptune’s magnetosphere re-configuring 

Credit: F. Bagenal and S. Bartlett 



Unusual & Other Cases 

Europa 

Ganymede 

Enceladus 

Comets 

Credit: NASA/ESA Credit: NASA Credit: NASA/ESA 

Credit: ESA 
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Jupiter Icy Moons Explorer 
Credit: ESA 


