The Earth's magnetic field

Laboratoire de Géophysique Interne et Tectonophysique




Our planet and its magnetic field

The magnetic field is self generated by the motions
of the liquid iron in the Earth's core (dynamo effect).
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Chinese compas

(~1000 a.C.)
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« Marinette »

Middle age compas

Guyot de Provins, 1178 (Grande Encyclopédie, Diderot)
St Alban Monks, 1180, (Encyclopedia Britanica)
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Geographic

North Secular variations
Declination of the magnetic field
. East

Declination in Paris 1541-1994
(reduced at Chambon-la-Forét)
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Inclination and declination
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Halley, 1700
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La Pérouse and d'Entrecasteaux expeditions

BOUSSOLE DIUINCLINAISON.

1788
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Declinotion ('degrees
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odel by A. Jockson, AL R. T. Jonkers, M. R. Wolker,
Phil. Trans. R. Soc. Londen A (2000), 358, 957-990.
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Gauss, 1836

o Mathematical description of the
Earth magnetic field
(Spherical Harmonics).

 Internal origin of the field.

i

e Geophysical observatories.
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Magnetic observatories
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OBSERVATOIRE MAGNETIQUE DE DUMONT d'URVILLE
66°40'S - 140°01'E

Abris mesures absolues, variométres, magnétographe La Cour (1957) et servitude
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magnetic
measurements
from
satellites

Oersted satellite, 2000 =%
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Magnetic field at the Earth surface
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@rsted data (2000-)
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Magnetic field
anomalies
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-6. -4. -3. -2.0 -0.6 0.6 2.0

total intensity anomaly [nT]
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Champ data:

Filtered for SH<15
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Catastrophe |

'NewScientist

25 AUGUST 2001 No2305 WEEKLY £2.20 US53.95
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Earth’s shield is failing. We have to fix it
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dominating source:

core

nT

-60000 -30000 0 20000
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6O000
Swarm mission, ESA
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The Earth's interior
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The Earth's interior

Subduction zone

Crust and
lithosphere

Liquid iron
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mantle
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Magnetic field at the core mantle boundary

@rsted satellite data (2000-)




Summary

The Earth magnetic field is mainly a
dipole.

Global and crustal anomalies.

Rapid external time variations (< 10
years).

Secular internal variations (>10
years).

Of internal origin.
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Magnetic jerks

. secousses magnethues
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Discontinuity of the second time derivative of the

East component of the magnetic field
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Magnetization of rocks
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Virtual Geomagnetic Pole (VGP)

Marth Pole e,
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Archeomaghetism

Magnetic pole position
for the last 2000 years

Butler
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Migration of the VGP

Paleomagnetic
data from
north America
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Reversals frequency
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Kent et Olsen, 1999; Gallet et al., 1992
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Summary

Dipolar magnetic field aligned with
the axis of rotation

Reversals
Very old (at least 2.8 By)
Same intensity ?
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The Earth magnetic field is failing?
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Magnetic field
on Jupiter
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Terrestrial planets
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Venus?
Moon?
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Dynamo principle; F =q(unaB)
dynamo disk

|]=o0c(E+uAaB)

RotB = 4, |
ROtE = o
ot
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Induction equation

Joule effect:
Destruction of
magnetic field

Magnetic Reynolds number Rm

Elsasser, 1946

u
Ji

Magnetic diffusivity

Dynamo effect if Rm is greater than = 50
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Cooling of a rotating planetary cores

Equatorial view

Sid_e_view
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Thermal convection in planetary cores

Theoritical , Busse 1970 Numerical, Dormy et al, 1997

ROTATION
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Numerical simulation

v“'—ﬂ :

Onset of
convection

Two times
critical

Dormy et al.,1998
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The first numerical dynamo
"m

| ;@ i =
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T,

Roberts

Glatzmaier et Roberts 1995
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Pumping in the vortices

Ishihara et Kida, 2002

Kageyama et al 1996
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Which one is the Earth?

Dynamo model

REDISL FIELD  r=1.00

Olson et al., 1999
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Reversal of magnetic field

nature &

\. ¥ //
- o 2
INTERNATIONAL WEEKLY JOURMNAL OF SCIENCE

Volume 377 No. 6546 21 September 1995 $10.00

A simulated ge ' c reversal

Towards smaller memory devices
A giant carnivorous dinosaur
Chromatin dynamics in vivo

Glatzmaier et Roberts 97
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O oA w oo

Numerical limits

Viscosity = magnetic diffusivity
Salt water

Metallic glass

1 day = 100 millions of year

No motion less than 100 km.
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Viscosity/

conductivity
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Experimental approach

Rm= % >100

Ui
e liquid sodium : n =0.1 m?/s

eSize:L>1m
e velocity U > 10 m/s

e density 980 kg/m3

The Earth's Magnetic field - EGU 2005 - Philippe Cardin

50



Riga Dynamo

DI1=0.25m

D2=0.43m

2 m3 of Na, 200kW

51
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Self exitation in Riga
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3 m3 of Na, 500 kW
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Photos Karlsruhe
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Second generation dynamos

VKS, Cadarache, (2000-)

Maryland University, (1998-)
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U 2005 - Philippe Cardin

A planetary
dynamo ?

a=1m?

Q =450 rpm ?
AQ =150 rpm ?
P =600 KW ?

Dynamo ?
B=03T

Cardin, Brito, Jault, Nataf et Masson, 2002
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DTS :a1/5 prototype ?

@)

a=021m

Q = 2000 rpm
AQ = £2000 rpm
P =22 KW

B=01T
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The
sodium lab
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Induced magnetic field in DTS (run of 17/03/05)
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