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Earth rotation changes due to the core;
core-mantle coupling

— coupling mechanisms:
- topographic torque
- gravitational torque
@ VISgous torgue

classically this talk



Electromagnetic torque +
viscous torque: dissipative

« Quter core electrical conductivity: known from
laboratory experiments: 5 10° S m-! (Stacey &

Anderson 2001).
« Lowermost mantle electrical conductivity (~200 m
ayer at the base of the mantle): unknown but has to

e lower than that of the core.
c,=10Sm* 510*Smi 510°Sm
 RMS of the radial magnetic field at the CMB: from
surface magnetic field measurements: > 0.3 mT.
 Viscosity of the outer core fluid close to the CMB:
— molecular viscosity: ~10°° m? s (laboratory experiments

and ab initio computations).
— eddy viscosity: < 104 m? st (Buffett & Christensen 2997).




Constraints on the physical
properties of the CMB

Viscosity and Radial Uniform Magnetic Field at the CME
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Earth rotation changes due to the core;
core-mantle coupling

— coupling mechanisms:
- topographic torque
= gravitatiorRl torque
< Viscous torgde
#/electtomagnellg torque

How to explain high

adopted npegligible magnetic field?
model



Core Angular Momentum exchange
due to topographic torque at CMB

“ pressure at CMB
¢ core-mantle boundary topography (<2km)
Difficult, challenging

but cannot be ruled out

mantle

P N:ore

e.g. Hide 1977



Topographic torque computation

« Aim at obtaining torque and associated effects on nutation
« Strategy:

— Establish the motion equations and boundary conditions
In the fluid;

— Compute analytically the solutions;

— Obtain the dynamic pressure as a function of the
physical parameters;

— Determine the topographic torque.

* Assessment. Comparison with Wu and Wahr (1997) who
used a numerical technique



Differential equations and

boundary conditions
 Linearized Navier-Stokes equation:
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Earth rotation changes due to the core;
core-mantle coupling

+ Core stratification
— coupling mechanisms:
- topographic torque
<~ gravitational torg
@ Visgous torque
& ejectromagnetic torque

adopted
model



Buffett EPSL (2011)

Topography, stratification, and magnetism

 chemical interactions between the core and the mantle

Mg-rich minerals silicate mantle

/ T
FesSi FeO iron core CMB

layer of excess light elements



. Buffett EPSL (2011)

Stratification and magnetism

silicate mantle

// — ironcore ~ CMB

_ little change in density
motion almost parallel to constant and the resulting

density surfaces buoyancy forces are
weak




Buffett EPSL (2011)

Topography, stratification, and magnetism

silicate mantle

// — ironcore ~ CMB

little change in density

motion almost parallel to constant and the resulting
density surfaces buoyancy forces are
weak

— SIIIW
g N M
iron cor ensity field in a

vertical component of motion ... .. _ stratified fluid is
o stratification disturbed and a
Required strength  Further from the o~ buoyancy force arises
of the radial boundary the stratified

.. fluid is swept past the
magnetic field can . e with the

be lowered. underlying tidal flow



Celestial

mechanics M

Predictions

Better understanding of the Earth interior!

Observation

~

Residuals
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