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Spectra: to study properties at different spatial scales

For a potential field (B = —V®) specified by the Gauss coefficients (gim, him ), the following
spectra have been defined for r > rep:
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(2) Secular variation spectrum
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(3) Secular variation time-scale spectrum
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Secular variation time-scale spectrum 7,

R

Tev(l, 1) = R‘

(7' = "’cmb)

® Characteristic time scale of magnetic field structures with spatial scale characterised by [

® 7., is sometimes interpreted as a characteristic time scale of the magnetohydrodynamics
inside the outer core

® Question: 7, is defined using the Gauss coeflicients derived from B observed at the
Earth’s surface. Do 7, describe the time variation of B inside the outer core?

® We investigate using numerical simulations



Generalisation to inside the dynamo region (outer core)

For a magnetic field B (not necessarily potential) at some r, expand in a set of vector spherical harmonics basis,

B(Tv 97 ¢7 t) = Z [QIm (7“, t)Ylm(ey ¢) + SI’HL(T7 t)‘i'lm(ev ¢) + tim (7‘, t)&ﬁm(ev ¢)]
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We define the magnetic energy spectrum F(I,r,t) for any r:
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Similarly, define the time variation spectrum Fp(l,7,1):
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Then, the (time-averaged) magnetic time-scale spectrum is defined as:

T(l,r) = Elrt) for any r
Fg(l,mt) /,

e At the CMB r = remp: F =R, F = Rev , 7(1, Temb) = Tsv (1)



A numerical simulation of strong-field geodynamo

Boussinesq, composition-driven, rotating convection of an electrically conducting fluid:
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Boundary conditions: no-slip for u, fixed-flux for C'
Domain: a spherical shell 0.1912a < r < 0.5462a = remp (o1 76)
Ra=27x10% Ek=25x10"° Pm=25,Pr=1



Magnetic time-scale spectrum 7(l,7) at different depth
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For the large-scale modes (small [),

® 7~ [ !atthe CMB and 7 ~ [~%® in the interior

® large-scale modes evolve faster in the interior !

® transition occurs inside a thin boundary layer under the CNB
X

Tev (1) observed at the surface is different from the time scales inside the outer core



Change in the scaling of 7: who causes it?
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Fp~1 = 7~1"" (interior)

FB le(T) FB ~ l2 > T~ l_l (CMB)




Transition in the scaling of F;: physical meaning
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® At the CMB (for the large scales):

#® magnetic boundary condition ties B;, Bg, By together
® Fy~nFinFn? = 707!

® In the interior (for the large scales):
K FS',Ft' > Fq - B is dominated by (Bg,B¢,)
® Fy, F;~land Fg~ ? = (Bg, By) vary faster than B
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Processes controlling the secular variation of (total) B
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B=Vx(uxB)+1nV’B=C+D

® Interior: B~C > D, F ‘5 = Fo ~ | (magnetic diffusion negligible)

® At the CMB:

s C~ D> B (. noslip)
® Fo~Fp~lbut Fgy~I?




Processes controlling the secular variation of B,
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B, =#-[Vx (uxB)]+n(# V?B)=C,+ D,
Interior: B, ~ C, > D, , F B, ~ Fc, ~ 1?2 (magnetic diffusion negligible)
At the CMB: B, ~ D, (C — 0 for no-slip), Fp ~Fp, ~ 12

Inside the CMB boundary layer: sharp transition for both C, and D, but B, varies very
weakly despite the switch in the controlling mechanism



Summary

¥

For the large scales, scaling of 7(I,r) with [ at the CMB is different from that in the
interior of the outer core:

7~ 17%% in the interior

7~171, at the CMB
The transition in scaling occurs within a thin boundary layer under the CMB.
F; is responsible for the transition (7 = \/F/Fy)

Fj ~ 1 in the interior to Fpy ~ [? near the CMB, meaning B ~ (By, By) > B, in the
interior

mechanism controlling B, changes “stealthily” from induction to diffusion as r — remp
from below
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