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e (2, 1D, fundamental
mode stationary dipole
o a = ap(f)+ da(6,1)

e nonlinearly quenched
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® variable dipole and overtones

e sudden reversals

e guantitative agreement with observed properties of
geomagnetic dipole

e details: GAFD 94 (2001) 263;
PEPI 130 (2002) 143
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Eigenmode decomposition

ai = MNa; + (1 —a3)Egar + Vip(t)as
~— ~ g N

linear «a-quenching a-fluctu-
evol. ations

Simpler Model

= (1—22)z+ Viiz + Vioy + Vi3z
y= —ay +cz + Vorz 4+ Voouy + Vo3z
z=—cy—az + Vzixz + Vaoy + V332

Linearly unstable fundamental mode z, and one stable
periodic overtone (y,z; a > 0) coupled by multiplicative
noise; V;1(t) uncorrelated and equally strong
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Thermal noise

T « (chance particle has energy AU)~?!
x exp(AU/kT) (Kramers 1940)

y
’ % ﬂ stationary probability
———————— . x distribution P(zx,vy, z)

% W axisymmetric — P(z,r);
e r=(y*+ 22)1/ §

T

-1 separatrix x=1

Multiplicative noise: no solution known

P(x,r) = probability distribution; P(oc0) =0
T(z,r) = mean time from z,» to x =0; T(0,7) =0

e T'(x,r) ~ T inside well, and mean time between
reversals T, = 2T;

o foO(PMTT —TMP)dV = =D [;”r3drP(0,r) g—ﬂxzo

e express 0T /0x in T} by boundary layer expansion of
MIT = -1 near x =0

B 1 foO PdVv
vmD(a+ 1) [>r2drP(0,r)

L Tr

o try P «x exp(—v/D)
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e near (1,0): v ~2(x — 1)? 4+ ar? from H=0

on z = 0: ¢ ~ Aty + 2(r/ro)? numerical

T 1/2 1
T, = (D(a +1)) s ©XP(AY/D)
T

effective AU/kT
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EXxit strategy
e rays are most likely exit paths in the limit D — 0O

y=2=0 — (logz) =1—z2+ Vi1(t)

xz~0 — x ~ Vioy + Vi3z

e distribution of exit points exp[—v(0,r)/D] has broad
maximum at »r =0

Remarks

e T, very sensitive to changes in

D (i.e. level of turbulence)
a (i.e. amplitude overtones)

e reversal rate is set by the waiting time for the right
jump in » and decrease in z to happen simultaneously

e results not contingent on mean field theory: induction
equation with v = mean flow ug+4 turbulence du leads
to same equations

e future work: more overtones, correlated V;;(t)
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Equations

MP=0 and MT = —1, with

5, a O 02 10 0O
M= ——"{(1-—2 ZZr241p - v.“ 2 .2
833( v )x-l_rarr 2 <8x2+r87“r87“) (2% +7%)
5, 5, 02 10 0
Mt =1 -2z~ —ar— + D@2+ (L + 22,2
( g )xax “or + oD@+ ) <8m2 t rarrar)

D ~ <‘/;§>’Tc

Try P o« exp(—¢/D) —

2, 2% O 12 o (99 L (09N L
(1—x)xa—x—ara+ s(z -|—r)[<a—x) -|—<E) ] ~ 0

H=(1-2*)zp—arq+ 3(z°>+r*)(p*+¢*) =0

T = il = (1—-2Dz+ (2 +r?)p
Op
T = OH = —ar+ (z* +r%)q
9q
: OH
p=—"p = —(1 - 32%)p — z(p* + ¢°)
x
: OH
i=-—-= aq —r(p° + ¢°)
7

Y =pz+qr— H=23*+r)p°+q°)
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