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Studying Venus' atmosphere Dy S ‘
: - 5 _ Studying Jupiter's icy moons

Observing coronal
dynamics and.solar eruptions
Exploring Mercury

Stﬂdying*e Saturnian system -
and landing on Titan

Investigating the Red Planet

The ‘Sun up close

ESA’S FI./E ' l/N THE SOLAR SYSTEM
The Solar System is a natural laborafory that allows scientists to exp_fore the nature of the Sun, the planets and their moons, as well as comets and
asteroids. ESA's missions-have ty@nsformed our view of the celestial neighbourhood, visiting Mars, Venus, and Saturn's moon Titan, and providing

new insight into how the Sunjifiteracts with Earth and its neighbours. The Solar System is the result of 4.6 billion years of formation and evolution. 5
Studying how it appears n allows us to unlock the mysteries of its past and to predict how the various bodies will change in the future. ’

- (hasing.a comet

www.esa.int European Space Agency
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Ideal MHD at a glance (cgs units)

Continuity Equation % +V-(pV)=0
Momentum Equation p (% +V-V)V= JiB —Vp
Ampere's law J=,-VxB
Faraday's law %—? =—cV XE
Ideal Ohm's law E+¥xB =9
Divergence constraint V-B=0
Adiabatic Energy Equation % (;”;) =0

Definitions: B, magnetic field; V, plasma velocity; J, current density; E, electric field;

p, mass density; p, plasma pressure; -y, ratio of specific heats (usually 5/3); t, time.
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Moving plasma will experience the Lorentz force (jxB) =>

pi—:=—Vp+ij+pg

How do we interpret the Lorentz Force? Using Ampere’s Law:

ij=-—in(VxB)

Yy

but using the vector identity V(lB : B) =Bx(VxB)+(B-V)B
2

2
=> jxB = L(B'V)B—V(B—)
) 2u,

1st term is magnetic tension parallel to B - important for curved fields. 274 term is
magnetic pressure - important when |B| changes along field.
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0 = -Vp + jJxB + pg,
0 = -Vp + jxB
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» The continuity, momentum, induction, and adiabatic energy
equations are

» The continuity, momentum, induction, and adiabatic energy
equations are linearized to become

0

_ap: = —V1:-Vpo—poV-Vi (43)

8V1 (V X Bl) X Bo

ovV1 _ _ 44
A ot A7 Vi ()

0B

—1 = VX (V1 X Bo) (45)

ot

0

L~ V- Vpy—mV -V (46)
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MHD Shock
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Switch-on shocks and switch-off shocks
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» Switch-on shocks

» Tangential B develops as a result of the shock
» Example of a fast mode shock

» Switch-off shocks
» Tangential B disappears as a result of the shock
» Example of a slow mode shock

» Remember: [B -] = 0! Only the tangential component of B
may change.



MHD instabilities
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Bow Shock
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