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1 Summary

We re-investigate the electromagnetic (EM) core-mantle coupling, for which
the geomagnetic field, B, at the core-mantle boundary (CMB) must be
known. One motivation is that we can infer the poloidal magnetic field at
the CMB from its surface representations by the method of non-harmonic
downward continuation (NHDC) through an electrically conducting mantle
(Ballani et al., 2002 ; see also poster session JAS004). The computation of
the EM coupling torque, L, is then based on a rigoros numerical inversion of
the mantle induction equation.

B can be split into poloidal and toroidal parts, B” and BT, respectively. The
associated parts of the EM coupling torque are then commonly denoted as
poloidal and toroidal torque, LF and L', respectively. This splitting defines
two different problems of the field computation at the CMB. Whereas BP
can be completely inferred from the observed and downward continued geo-
magnetic field, BT can only be computed at the CMB using some model con-
straints shown in section 3. The second motivation for the re-investigation is
that we will numerically solve the induction equation for B' in the conducting
part of the mantle.

For the computation of the CMB field, we use magnetic field expansion into
spherical harmonics (SH) of Wardinski & Holme (2006). For the conductiv-
ity, om, we assume a small shell at the CMB of constant conductivity, and
an rapid exponential decrease at its upper edge. To compute the bound-
ary values of BT at the CMB, we used the velocity field ugyg according to
Wardinski (2005).

The application of the NHDC has required to re-write the torque expressions
and the numerics. We show:

e analytical expressions of L and L' in dependence on B” and B' and
their SH coefficients at the CMB

e the boundary value problem for BT and its solution
e an example for ucyg consistent with NHDC
e results of a numerical test for L for the interval 1986 — 1996

3 Toroidal magnetic field

For the computation of the torque, the fields .S and T" are needed at the CMB:

e S(Rous) — by NHDC (inverts AS = poomS )
e T'(Rcus) — by velocity field ucgyg and

the induction equation for T°
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with the boundary conditions (BC)
T =0 at r=R,
T =TcumB at r = RéMB

The continuity of » x E at the CMB gives an additional BC
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Tcme 1S obtained from the solution of the induction equation with the addi-
tional BC and T'(R,) = 0. The SH coefficients of W are given by
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where p.;, ¢,; are the SH coefficients of ucyg and K", L™ denote the cou-
pling integrals, expressible by Clebsch-Gordan coefficients (see egs. (5) and
(6) below).

6 Resulting EM torques
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2 Electromagnetic torques

Lorentz torque on the mantle
1

L=— [ rx(otBxB)dV
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v
Poloidal-toroidal decomposition of the magnetic field by the scalar func-
tion Sand T
B=B+B' B = rotrot (rS) + rot (rT)

and the related SH representation with Y,,,,(€2) (Varshalovich et al., 1989)
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2.1 Poloidal torques

Axial poloidal EM coupling torque

2
LP = R;(“)”B / Ao S a:z 5-(rS)d9

Q
where the Laplace Operator on a sphere is given by
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where the SH representation is given by eq. (1)

Non-axial poloidal EM coupling torques
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For the first practical calculations we have solved the induction equation for
the quasi-stationary case and neglected the first term in the additional BC,
i.e. considered the generation of the toroidal field at the CMB by advection
only.

4 Conductivity model and data

e Conductivity model
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e Magnetic data

Gauss coefficients g;,,(t), hj(t) by Wardinski & Holme (2005) for jmax = 8,
which were re-normed and combined to complex S;,,(t).
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used as complex combination
P P, . 1P
L =L,+:L,

where the SH representation is given by eq. (2)

2.2 Toroidal torques

Axial toroidal EM coupling torque
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where the SH representation is given by eq. (3)

Non-axial toroidal EM coupling torques
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used as complex combination
T T, .77
L =L, +:L,

where the SH representation is given by eq. (4)

e EOP and AAM data

Time series of earth orientation parameter (EOP: C04) and the atmo-
spheric angular momentum (AAM: NCEP-NCAR) are obtained from IERS
(see also: http.//hpiers.obspm.fr/eop-pc/analysis/excitactive.htm).

e Mechanical torques

Computed by numerical solving of the linearized Liouville equation for the
torque, using the EOP and AAM data.

5 Core flow

Velocity (km/a)

Figure 1: Velocity ucyg at the CMB calculated by |. Wardinski from S(Rcyg)
by NHDC for the year 1990. For the computation the constraint of tangential
geostrophy is used, according to Wardinski (2005).

e Additional core-mantle coupling mechanism

The significant differences between the mechanical and EM coupling



