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Discovery of Discovery of thethe
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of Planet Mercuryof Planet Mercury
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ComparingComparing
 Earth and MercuryEarth and Mercury

Scaling
 

a terrestrial
 

standard
dynamo

 
model

 
would

 
predict

a surface
 

field
 

of about
 

11,000 nT.

Observed
 

are
 

about
 

280 nT!

Why
 

is
 

the
 

field
 

so weak?



PlanetaryPlanetary  DynamosDynamos

Growth           Excitation
 

Diffusion

For the
 

dynamo
 

process
 

we
 

need
 

an electrically
conducting, heavily

 
convecting

planetary
 

core



TheThe
 

HermeanHermean
 

PlanetaryPlanetary
 

InteriorInterior

Mercury probably
has a very

 
large

core
 

with
 

a radius
of about

 
1800 km
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Mantel

3.
 

Core



MercuryMercury’’s s Deep DynamoDeep Dynamo

Stabil 
core

 
region

Convection

Inner
core

Christensen, 2006



MercuryMercury‘‘ss  MagnetosphereMagnetosphere

Courtesy
 

J. Slavin

Mean
 

magnetopause
distance: 1.7 RM



Magnetopause Magnetopause CurentsCurents
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TheThe
 MagneticMagnetic

 FieldField
 of of 

Magnetopause Magnetopause CurrentsCurrents

TerrestrialTerrestrial
 

surfacesurface::

10 nT vs. 31,000 nT10 nT vs. 31,000 nT

HermeanHermean
 

surfacesurface::

70 nT vs. 280 nT70 nT vs. 280 nT



A Dynamo, A Dynamo, EmbeddedEmbedded
 

in a in a SelfSelf--ExcitedExcited,,
Ambient Ambient MagneticMagnetic

 
FieldField

Glassmeier et al., 2007



Ein Dynamo im externen Feld
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This
 

additional terms
helps

 
to work

 
against

diffusion

Dynamo Action and Ambient Magnetic
 

Field



A Feedback Dynamo ModelA Feedback Dynamo Model
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A Simple Feedback A Simple Feedback FunctionFunction
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plane  equatorial  in  thecurrent   Ring
 Current  Ferraro-Chapman
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A A StationaryStationary
 

Feedback Dynamo SolutionFeedback Dynamo Solution

„Hermean“
solution

Terrestrial
solution

N < 0 !

Glassmeier et al., 2007

N   => dynamo
 

number
NC

 

=> critical
 

dynamo
number



FurtherFurther
 AspectsAspects

 to to bebe  StudiedStudied

N < 0 !

Stability
 

of the
 

stationary
 

solutions

Improved
 

feedback
 

function

Temporal evolution
 

into
 

stationary
 

solution

Full dynamo
 

solution

Early
 

solar system
 

conditions



StabilityStability
 of of thethe

 SolutionsSolutions

Heyner
 

et al., 2010b
Schmitt & Schüssler, 1989
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A simplied

 
Cartesian

 
Model

Stable,
stationary
Hermean
solution

Unstable
terrestrial
solution

P: dynamo
number



ImprovedImproved
 Feedback Feedback FunctionFunction
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A A HermeanHermean
 

Feedback Feedback FunctionFunction

Modified
 

Tsyganenko
model

 
for

 
Hermean

conditions
 

provides
a suitable

 
model

for
 

the
 

feedback
function:

at the
 

surface
 

of
Mercury
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Temporal Evolution of Feedback DynamoTemporal Evolution of Feedback Dynamo

Heyner
 

et al., 2010a



There
 

exists
 

a range
 

of dynamo
 

numbers,
where

 
the

 
feedback

 
causes

 
the

 
dynamo

field
 

to be
 

locked
 

at a value
 

comparable
to

A A NoteworthyNoteworthy  ResultResult

SWp0



We
 

started
 

to work
 

on this…

Full Dynamo Full Dynamo SimulationsSimulations



EarlyEarly  Solar System Solar System 
ConsiderationsConsiderations
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Field, in which
 

a
Hermean

 
dynamo

is/was
 

embedded



ExternalExternal  FieldField  EvolutionEvolution
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SummarySummary

Mercury: Could
 

be
 

a planet with
 

a dynamo
embedded

 
in a self-excited

 
ambient field

During
 

the
 

initial
 

temporal evolution
 

dynamo
can

 
be

 
locked-in

 
for

 
small

 
dynamo

 
numbers

at field
 

values
 

determined
 

by
 

solar wind 
dynamic

 
pressure

Early
 

solar system: embedding
 

field
 

much
larger and lock-in

 
possible

 
also at large

dynamo
 

numbers
 

!!!!
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