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Plan

• Historical core field

– General morphology (400 years)

• Core fluid motions

– Effect on Earth’s spin rate

• Retrieval of core motions

– The frozen flux hypothesis













Over 80,000 data from 17th & 18th centuries

Historical database

Declinations 1800-1899

Declinations 1700-1799

Jonkers et al 2003







Navigation

• Prior to the introduction of the marine

chronometer by Harrison, longitude

determination was by a process of “dead-

reckoning”

• Relied on estimation of velocity and heading
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400 year animation of radial magnetic field



Current work (see poster/talk)

•Update of gufm1 to 1590-2005 

(Finlay et al)

•New type of regularisation by Maximum Entropy 

(Gillet et al)



Example of flow retrieved for 1970







Geomagnetic predictions

(dots) of length-of-day are

tantalizingly good



Can we do

better?





Complexity versus time



Residuals to 1880 dataset

Two –norm fitting One-norm fitting

Walker & Jackson (2000)



Are observations back in time compatible with necessary
conditions for self-consistency?



rNull-flux curve (B =0)



Flux

conservation:

Two different

times





Radial vorticity

conservation:

Two different

times



Reference Model: Oersted satellite data

(2000)







Model Calculations subject to constraints

• For each epoch 1980, 1945, 1915, 1882, attempt to fit

datasets with same topology, fluxes and radial

vorticities as in 2000 reference model

• Data taken from 10 year intervals; each dataset

contains  ~ 10-20,000 global observations

• Minimise

Data misfit Roughness Flux misfit

Radial vorticity misfit



1980 1915

1945 1882

Flux and Radial Vorticity Constrained Models







• No problem in satisfying the constraints back in

time at individual epochs

• Next stage – develop time dependent model

with constraints implemented



Summary

• Gufm1 and its extensions  are good representations of the SV over the
last 400 years

– Large data set; sophisticated error budget

• Still some open questions

– Effect of increase in complexity in the model

– More accurate descriptions of error distributions?

– Effective way to integrate with satellite data

• Current core motions results are encouraging

– Real or ``apparent’’ diffusion doesn’t affect results too badly

– Might we do better using self-consistent models of main field/SV?
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