Observational Constraints on
Planetary Dynamos
What | think dynamo models should reflect
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A Nonsymmetry of fields of Uranus and Neptune

A Magnetic field and secular variation of Jupiter

A Geomagnetic secular variation spectrum

A Stable stratification and waves at the top of the Core
A Palaeointensityand inner corenucleation



A Simple Picture

Uranus Neptune

ecliptic :"';.‘c' iy, &

Tilt of rotation axis | 23°
Tilt of magnetic axis | 12°

Offset of
magnetic axis | 8%

Field at equator | 31,000 nT 428,000 nT
Magnetosphere | 10 Rgyp, 65 R piter

Fine for outreach and many external field studies
Not fine for internal studies



Planetary Magnetic Power Spectra
Mean B’ per degree, normalised to dipole
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A Nonsymmetry of fields of Uranus and Neptune



Uranus and Neptune Surface Field

Uranus Neptune
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w Very unEarthlike ¢ not dipolar even at surface

w Very different kind of field structure differences in
¢ Electrical conductivity?
¢ Dynamical regime?
¢ Energetics?



Neptune field model range

A Three different models of
surface field of Neptune

A All three models fit the data

A Decision for the modeller:

I More complex model fits
the data better, but is this
detall required?

I Simpler model fits well
enough

I Seek tradeoff between
explaining data and
complexity




Dynamo model mterpretatlon

Comparison with observations
not straightforward
A Example:

I Truncate to common degree

I Compare structure of field
models from observations,
dynamo

I Similar complexity, power
structure

A But¢ problem with too much
symmetry

A Truncation losing information

Solutiong synthesise data from
a dynamo modeck invert and
then compare )




A Magnetic field and secular variation of Jupiter



Models of Jovian Field Change

Time-averaged model, A = 7x10°"
g

A Over 30 years of data from Pioneer
to Galileo

A Dipole SV optimal model 0.042% yr-! e
(Earth ~ 0.06% yr1) R

A Time variation y » | ol
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Tangentiall
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New Jupiter Missions

Juno and JUICE



