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Abstract. A geodynamo-model based on areffect which has been computed under conditions suitalri¢he geody-
namo is constructed. For a highly restricted class of ragiptofiles the lineary?-model exhibits oscillating solutions on a
timescale given by the turbulent diffusion time. The basaperties of the periodic solutions are presented and thesimce
of the inner core size on the characteristics of the critiaafje that allows for oscillating solutions is shown. Reats are
interpreted as half of such an oscillation. They are rathltosn events because they can only occur ifd¢hgrofile exists
long enough within the small critical range that allows feripdic solutions. Due to strong fluctuations on the corivect
timescale the probability of such a reversal is very smafialfy, a simple non-linear mean-field model with reasorabl
input parameters based on simulations of Giesecke et &5j2fmonstrates the plausibility of the presented thedtty av
long-time series of a (geo-)dynamo reversal sequence.
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1. Introduction Closely related to the reversal phenomenon are so called
excursions a kind of aborted reversals, where the polarity be-

Paleomagnetic measurements show that the Earth’s magn%!ﬁ'élto change bL::' |ns_,t¢ad| of :axt_acutmg a f_uII transitioe, t

field exists for more than0? years with nearly the same mag- ipole returns to the original polarity. Excursions occduoat

nitude (Kono & Tanaka 1995). The process that is responsibi! imes more often than reversals.

for the production of this field is called thgeodynamo and Deviations from a perfectly axisymmetric field become
essentially takes place in the fluid outer part of the Earthganifest in the tilt of the dipole axis with respect to the ro-
core. The magnetic field is dominated by a dipole which gion axis (currentlyl 1°) and in the non-axisymmetric field
as the most characteristic feature — from time to time "stao nonents in terms of localized flux patches. Such field pat-
to oscillate” and changes its polarity from one sign 10 thg g in average exhibit a common directed drift motion, the
other. This ghenoinenon has been cafiedrsals and typi- g4 calledwestward drift (see e.g. Bloxham & Jackson 1989:
cally lasts10° — 10" years (Bogue & Merill 1992). The dura-g|oxham & Jackson 1992). Roughly simplifying the value of

tion of such “oscillating” phase is extremely short comphrgyis westward drift amounts approximatélp° year.
with the time between consecutive reversals. In fact the-ave

age time between two reversals is about 50 times longer than Simulations of the 3D MHD-equations (that describe a
the duration of the reversal itself. The appearance of the teermal/chemical driven turbulent flow of a conducting fluid
versals seems to be chaotic rather than periodic (Krauseém&the Earth’'s outer core and the magnetic field that is in-
Schmidt 1988), and the probability of a reversal during a cetuced by this flow) have been able to reproduce some of the
tain time span can be described by a Poisson distribution. Gimserved features of the Earth’s magnetic field (Glatzmaier
geological time scales( 107 — 10® years) the average rate& Roberts 1996; Kageyama & Sato 1997; Christensen et al.
of reversals changes (Merill et al. 1996) and there exish ev£998; Kuang & Bloxham 1999). Unfortunately such calcula-
very long periods were no reversal occurs — so cadlg@r- tions are computational very expensive. The time perioals th

chrons. can be covered are rather short compared to the time scales
on which for example changes of the mean reversal rate oc-
Correspondence to: agiesecke@aip.de cur. In order to examine geodynamo-models in matters of the
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2 THE EQUATIONS

statistics of the reversal phenomenon mean-field models re- In the present paper we shall show that rasiiadprofiles
main indispensable. of the a-effect lead to oscillatingv?>-dynamos but already a
A further unsolved issue is the influence of the sma#llight deviation from this profile provides stationary mede
scales. Global MHD simulations are restricted in the achie¢ombining the principle properties of theeffect from the
able parameter regime and in the affordable spatial resof@lculations of Giesecke et al. (2005) with a simplé-
tion. These limits prevent from resolving the actual scal&namo, a mean-field model is constructed that exhibits ir-
of the turbulence in the fluid outer core, and for reasons tfgular reversals induced by a fluctuatimgffect.
numerical stability unphysical large values for the vissou
losses have to be adopted. Therefore the smaller scales are
artificially damped, and properties and influence of the sma. The equations
scale turbulence remains unsure.
Sarson & Jones (1999) developed a 2.5D model to exafiaking the induction equation
ine the reversal mechanism in detail. Their general pictu
is a “large scaleaf2-dynamo mechanism, where a strong-— = V¥ x (uxB—anB> (1)
zonal flow and meridional circulations are responsiblelfer t
dynamo action. Reversals are induced by fluctuations of thgq split magnetic field and velocityu in a mean part,B),

meridional flow. The authors reclaim that a opposite dipok% and a fluctuating componei®’, «’ the mean magnetic
polarity can evolve if the velocity remains long enough in gq|q (B) = B — B’ is determined by

regime that allows for oscillating magnetic fields.
Statistical properties in a one-dimensiondl-dynamo o(B) —V x <<u> % (B) + € -V x <B>) )
model where reversals are triggered by a fluctuatireffect 0t

have been examined by Hoyng et al. (2002). Their model was , , )
able to predict some basic features of the Sint-800 data & € = (u’ x B') as the mean electromotive force (EMF)

although there have been some contradictions in geneial 147 the (molecular) magnetic diffusivity. The components
mean-field approach seems to be selfconsistent. of the EMF are usually given by
~ Other models, based on the abse’nce of differential rofa-— o, (B.) + 3,0k (B;). 3)
tion (or any shear flows) in the Earth’s core, interpreted the
geodynamo as am?-dynamo (Steenbeck & Krause 1966). ITThe tensor;; correlates the EMF due to turbulent motions
is known that the spherical’-dynamo “almost always” pos- with the large-scale magnetic field, including the effedts o
sesses stationary axisymmetric magnetic field solutiomrs (finisotropy. In the simplest case the tensgy. is related to
scalara-effect) or longitudinally drifting non-axisymmetric the turbulent diffusivity byg;;x = nre;;,r which is the case
solutions (Rudiger et al. 2003) and therefore such mod#git we shall discuss here. In the following all mean flows
have difficulties to explain the reversal phenomenon. Thefe) are neglected and we end up with a mean-field induction
are few exceptions of the rule that-dynamos with scalar equation that describes ad-dynamo:
a-effect are stationary. 0(B)
Fearn & Rahman (2004) solved the Navier-Stokes equa— = V x (a(B) —nrV X <B>)7 4
tion and a mean-field induction equation for afrdynamo ot
model with a radial dependence of theeffect given by wherenr > 7 is implied. Equation (4) together with a pre-
a o« sin7(r — Riy). This radial profile leads to a vanish-scribeda-effect that depends on the radiuand the latitude
ing a-effect at the boundaries of the fluid outer core but thgngled is solved numerically using an explicit finite differ-
a-effect does not show any zero within the interior. They olgnce scheme in two dimensions in spherical coordinates. The
tained non-linear periodic solutions if thewas larger than standard resolution 84 x 64 grid points in both radial and
a certain critical value. In contrast to the solutions of-Sakatitudinal directions. A perfect conductor is assumedxiste
son & Jones (1999) their results were strongly influenced the inner core boundary which is justified because of the
by the non-linear back-reaction of the Lorentz force on thghsence of turbulent motions in the solid inner core so that
flow which serves as a saturation mechanism for the mage diffusivity is significant smaller inside the solid cahan
netic field. inside the fluid outer core. However, a finitely conducting in
Without considering any mean flow, Stefani & Gerbether core affects the behavior of the magnetic field as it has
(2003) found oscillatingr?-dynamos in case that theeffect been shown e.g. by Hollerbach & Jones (1993). At the outer
(uniform in ) changes its sign in radius. Already Sowar@houndary a vacuum is simulated by increasing the magnetic
(1974) with his quasi-linear approximation for rotatingneo dissipation by a factor of 10. The details of the numerical
vection in layers with uniform density found that theeffect realizations of these boundary conditions are described by
strongly varies with depth: it is negative (positive) in th&®uldiger et al. (2003). To estimate general properties ef th
lower (upper) part of the convection layer — well describdthear mean-field model at first a quenching mechanism is
by a radial sinus-function. Giesecke et al. (2005) have shoabandoned to avoid the complicated questions that are asso-
that such profiles indeed result from numerical simulatiosated with the non-linearities. Only for the long time siau
of the convection in the outer fluid core where the densitions in Sect. 4 an equilibration mechanism is used to piteven
stratification is very small (see Sect. 3). the field from growing to infinity.



3.2 Oscillating®-dynamos 3 GEODYNAMO«-EFFECT

3. Geodynamoa-effect scaled td).35. In the following thex-tensor is antisymmetric
with respect to the equator(cos #). The “standard profile”

3.1. General properties of the a-effect is given by

Fig. 1 shows a typical radial dependence ofdheffect com- (i 9) = o cos 6 sin <2Wﬁ) ) (5)

puted from local simulations of weak stratified and fast ro- Rout — Rin

tating magnetoconvection by Giesecke et al. (2005). &he This equation is slightly modified to vary the amplitude ie th
upper (lower) half of the sphere and the zero-crossing of the
a-effect. We start with a strigtin-profile in radius of thex-
effect, i.e. with a cross-ovek, in the middle betweerR;,, =

1'55 ' ' ' ' ' ' ] 0.35 andR.,; = 1 and equal amplitudes. If supercritical the
10F '\‘-: field grows exponentially and the resulting dynamo os&#at
0_55_ v The condition toR, for the excitation of the oscillation
g : o i of a2-dynamos is very strict. The oscillations only exist for
£ 00} = ] Ry ~ 0.67...0.70. If the radiala-profile does not lie in the
S f ] narrow area indicated in Fig. 2 (top) then the dynamo does
05 ] not oscillate. The periodic solution due to the strict ragiia-
1.0 :_‘\ P 3
-5t i . . b ]
04 05 06 07 08 09 10 _ -y .
radius 1or ;
. . B? 05F o ]
Fig. 1. Radial dependence of theeffect forA = 5 = 1.The - : E y 1
dashed thick line denotes the time average and the greydhmas é 0_03 R‘n’nnzo'm'/'
fluctuations in time. g P //.’ | Rp=0.70 ]
051 a8 .
effect on the northern hemisphere shows a maximum (mini- i ]
mum) close to the upper (lower) boundary and the cross-over ~ -1.0} Vo .

takes place exactly in the middle of the convective unsta- 04 o5 06 on e T
ble layer. The radial profile is almost perfectly antisymrieet radius
with respect to the middle of the layer so that thedmetffect . . . i . .
(integrated over) approximately vanishes. 1.0f .
The dotted lines divide the domain in three parts. In the ; ]
outer zones the exact determination of theffect is difficult 05 ]
because close to the boundaries strong gradients of the magg : ]
netic field require the exact knowledge of the turbulent dif- % 0-0§
fusivity nr for an calculation of thev-effect from Eqg. (3). In S f
the central part — between= 0.48 andr = 0.87 — the field 051
gradients are negligible and thus the result should be more f R %, ]
reliable. But even if the presented profile comes with some Lor .“"“3*21'1. . . ]
uncertainties, the qualitative overall behavior can quiedl 04 05 06 07 08 09 1.0
be described byv ~ sinr, where the argument of thén
must be chosen in a way that theeffect disappears at the
inner and the outer core boundary. If a density stratificatio
is included in the simulations, the-effect cross-over moves Fig. 2. Critical domains for the radial profile of the-effect that lead

more and more towards the bottom of the box (see Rudiég,oscillating solutions. Top: critical interval for thedation of the
& Hollerbach 2004 their Fig. 4.23) zero. Bottom: critical interval for the magnitude of the Emampli-

tude

radius

3.2. Oscillatingo?-dynamos ] o
profile of thea-effect can also be suppressed by a variation of

The general properties of the above presentezffect are one of the amplitudes. Numerical experiments were made by
used as an input for a global axisymmetsit-dynamo. The multiplication of the lower part of the sin-profile with a tac
model is a spherical shell with the inner radills, and the A. Oscillating solutions are found withd ~ 0.1 (see bottom
outer radiusR,,;. For the present date Earth the radius of thaf Fig. 2). Of course, a similar result would hold for the uppe
solid inner core is given byr;, = 1222km and the radius part of the radiakin-profile but the general property of the
of the fluid outer core is given byR.,; = 3480km. In all model is now known: The oscillating solution only exists if
simulations the radius of the outer core is scaled tand the deviations of the actual-effect profile from the profile

to maintain the correct ratio, the radius of the inner core ggven by Eq. (5) are very small.



3 GEODYNAMO«-EFFECT 3.4 Oscillation period and critical dynamo number

Due to fluctuations a simple radisiln-profile of thea- reversal is completed in panel (9) when the lower part of the
effect is rather seldom. A possible oscillation of the dyomansphere is completely filled out by this new reversed oriented
only happens if the profile of the-effect lasts long enoughfield. Note that the poloidal field component already shows
within the critical range that allows for periodical sotuts. the reversed polarity in part (6) of Fig. 3 and only undergoes
The minimum time which must be covered by the (criticabninor changes in the remainder of the sequence.
radial a-profile in order to excite (half of) an oscillation has
been estimated from the simulations and is given approxi-

mately by 3.4. Oscillation period and critical dynamo number
tmin ~0.3- Tdiff (6)

, o ) Figure 4 shows the oscillation period (dashed line, in wfits
with the diffusion timerqq defined by rair) and the critical dynamo number (solid line)

R2,,

i = out 7 i
TAiff ( ) C;rit _ OLC tRout (9)
If this minimum time is not reached by the radial profile of It
the a-effect the stationary solution would not start to becon‘|ﬁ dependence of the location of the zero of theffect (R,)
oscillating. 07

Cit determines the minimum amplitude of theeffect at
hich dynamo-action occurs. The vertical dotted lines-indi
) o cate the transition between oscillating and stationary-sol
assume ~ 2 - 10* cm?/s (for molten iron under conditions jons The critical dynamo number is always larger for the
in the fluid outer core) we retrieveys ~ 10° years. To keep ggillating solutions. This is not a surprising result. T
the model consistent with the observed duration of a rei’erﬁﬁlating solutions have smaller scales than the statipsar

A .
(10° years) we have to assume a turbulence-induced enhanggans so that the Ohmic losses are larger for the oscillat-

ment of the magnetic diffusivity by one order of magnitudejng so|utions. The immediate consequence is that for given

nr ~ 10 - 7. (8) amplitude ofa the oscillating solutions are less nonlinear
than the non-oscillating solutions. In the center of theé-cri

In all simulations the time the dipole needs for the transj
tion from one polarity to the other is of the ordergfg. If we

With nr ~ 20m?s the diffusion time reduces tt)* yrs, the
typical duration of a reversal. The ratig-/n ~ 10 seems
not to be totally devious and was also the result of a rough

estimation of Giesecke et al. (2005). A comparable value has
been presented by Hoyng et al. (2002) who independently
determined a turbulent diffusion time 8000 — 15000 years I
from the analyzation of autocorrelation functions from the  ¢f
Sint-800 observations. However, it should be kept in mind, I
that this are very rough estimations. 3

no oscillations : no oscillations

perio

3.3. Field pattern of a reversal

Figure 3 shows the temporal behavior of the magnetic field
projected on a meridional plane during one oscillation. The I
left-hand side of each panel shows the isolines of the tafoid =~ *—t———l——iom o T
field componentwhere solid (dashed) lines denote field direc R,

tions c!ockwise (Counterclockwisg). The arrows on thetriglig 4. The characteristics of the linea?-dynamo model in depen-
hand side represent the poloidal field component. The lengthce of the location of the cross-over pof in the radiala-
of the arrows is scaled with the field length. The magnetigofile.

field is concentrated near the rotation axis which is a con-

sequence of the latitudinabs 8-dependence of the-effect.

The solution is of dipolar parity. Regarding the toroidahco ical interval the oscillation-period is nearly constant 1§,
ponent in the northern hemisphere the considered revermadl increases strongly if the zero of theeffect is close to
cycle starts close to the rotation axis with a clockwise orihe upper or lower boundary that separates the oscillating s
ented toroidal field in the upper half of the outer core ardtions from the stationary states. The values of the ditic

a field of opposite sign starts in the lower part of the outelynamo number for the symmetric and antisymmetric (with
core. The outer part weakens (1,2) and is replaced by a graespect to the equator) axisymmetric modes (S0, A0) and for
ing toroidal field of opposite sign (2,3,4). Between the twthe first non-axisymmetric modes (A1, S1) are specified in
belts of equally counterclockwise (clockwise) orientedneo Table 1. Since the dominant part of the Earth’s magnetic field
ponents that determine the appearance of the magnetic fisld dipole the AO mode is of profound interest. Note that the
in the northern (southern) hemisphere in the middle of the r&0-mode (leads to a dipole solution) and the SO-mode (leads
versal sequence (5,6) a new opposite directed field appdara quadrupole solution) coincide within our numerical ac-
(7) and pushes away the lower toroidal component (8). Tharacy.




3.5 Influence of the inner core size 3 GEODYNAMO«-EFFECT

Fig. 3. The magnetic field configuration of the cyclic solution witktect radialsin-profile of thea-effect. The time in units of the diffusion
time is printed in the lower right corner of each snapshot.

Table 1. Critical dynamo number for different basic dynamo modesure than the temperature increases towards the center. The
for « taken from Eq. (5) Ro = 0.675) appearance of a solid inner core few billion years ago redult
20 AL 30 S1 in important changes of the physical conditions and praess
that dominate the flow in the fluid core. It is obvious that the
Cit 17.04  17.67 17.04 17.67 size of the solid inner core also should have a strong inflelenc
on the oscillations of the2-model that has been presented
above. We restrict our examination to the geometric effects
that arise from different sizes of the inner core and do not
3.5. Influence of the inner core size consider the changes in the turbulence that are associgted e
with the emerging compositional convection. Figure 5 shows
The solid inner core of the Earth is growing on geologicéhe critical profiles of thex-effect that lead to oscillating so-
time scales (hundreds of millions of years). Due to the spigtions for different ratios ofR,.;/Ri,. For increasing size
cific thermodynamic conditions in the Earth’s interior tige |  of the inner core — indicated by the solid vertical line on the
uid iron first freezes out at the center of the Earth becauese thft side — the critical interval becomes smaller (indickibg
melting point of iron decreases faster with increasing prefe dashed line). At the same time the center of this interval




4 |IRREGULAR REVERSALS INDUCED BY A FLUCTUATINGy-EFFECT

moves closer to the center of the fluid outer core (denoted
by the dotted line). FoR;, = 0.1 (bottom curve) the criti- AT A '
cal cross-over-points of the-profiles are clearly located in : westward eastward
the upper half of the fluid outer core, whereas fy, = 0.7 : ;
(top curve) the critical profile is nearly a perfeat-profile as
given by Eq. (5) where the zero is located exactly in the mid- ‘
dle of the fluid outer core and the width of the critical in@irv £,

124

has become very small. © 3 ©
T oo *'-;“-'0- ----- P FrTTETTT
° 0.I64 0 I6(:" - O.IGB O.-I7O O.I72 0.74
/ ) R,
7 Fig. 6. C<'* of the non-axisymmetric modes for the casg = 0.
B / 7 The corresponding drift periods are given by the dashed line
!

t .
= £l For the zero of ther-effect belowRy =~ 0.705 we obtain
% ' awestward drift. Above?y ~ 0.71 both modes show an east-
= § ward directed drift motion. The characteristic drift tineake

is approximately0.20...0.30)-7qi¢ for the westward drifting

L 11
g
)
/\/y; modes and0.40...0.50)-rqi for the eastward drifting modes.
S
S

Note that the ratio of the drift timescal@.27q4;¢) to reversal
timescale fgi¢) obtained from the simulations coincides with
the same ratio observed for the Earth where the timescale of
. the westward driftis- 2000 years and the duration of a rever-
0.0 0.5 1.0 sal~ 10000 years. However, these timescales are estimations
with a large uncertainty (e.g. data for the reversal timehea
from 100 to several 10000 years).

radius

Fig. 5. Critical a-profiles for oscillating solutions for different sizes

of the inner core. From top to bottor®;,, = 0.7,0.5,0.35,0.2,0.1. The critical dynamo numbers for the axisymmetric modes
The dashed lines confine the critical interval and the dditedde- (SO, AO) are larger tha's™ of the A1/S1-modes so that
notes the center of the fluid outer core. the solution would be dominated by these non-axisymmetric

modes. The axisymmetric modes with the higher eigenval-
ues are oscillating. We know that this constellation is inco
Hadiction to the observations of the Earth’s magnetic field
which is dominated by a stationary dipole-part. The non-
axisymmetric modes only lead to smaller contributions that
are manifested in the dipole tilt and the drifting field pat-
fgrns. The interaction of the nonaxisymmetric modes (for
I%nisotropica) and the oscillating modes (for isotropiowith
cross-overs) is still an open question.

Although the critical interval becomes smaller with in
creasing size of the inner core — making it more difficult t
excite an oscillation — one can speculate that the overaltipr
ability for a reversal in case of a fluctuatimgprofile might
be approximately constant (or at leasb) for all sizes since
the center of the interval moves towards the middle of t
fluid outer core which is the preferred location for the ze
cross-over of thev-effect (see Fig. 1).

3.6. Non-axisymmetric modes 4. Irregular reversals induced by a fluctuating

The a-effect is a nontrivial tensor if the rotation is fast:O‘_(_:‘ffect

a,, — 0for Q — oo (in cylindrical ccordinates, see Moffatt
1970; Rudiger 1978; Busse & Miin 1979) wherg, refers to
the a-effect in cylindrical coordinates anddenotes the di- _ . . . .

. : . X trivial a-tensor will be treated in a subsequent paper.
rection parallel to the rotation axis. The tensorial stioet

of the a-effect is now taken into account, i.e. relation the lftf '.S ktnown fr?r:n nur_nerous ct:fa\flculatmnsothat ;he
a.. = 0is used in the dynamo equation. coefficients are rather noisy quantities (e.g. Ossendrite

Figure 6 showsC<rit (solid line) and the drift period al. 2001; Giesecke et al. 2005). Figure 7 shows the maximum

(dashed line) for the lowest non-axisymmetric modes. Agaﬁmlmmum) of thea-effect in dependence of the time in units

the results for the symmetric mode (S1) and the antisymmg r—;h?att%r::\é?g.;rgzc?éae(tj\ﬁcggog]escale taken from the
ric mode (A1) coincide in both quantities. The dotted vetic imufat ! '

In the following the complications that appear from the non-
axisymmetric modes are ignored. The effects of the full non-

lines denote the critical interval for oscillating solut®ofor = _ Rows — Rin (10)
. . adv — ;

the AO- respective SO-mode for the (scalar) isotreptensor u

as described in the previous section. (whereu' is the turbulent rms-velocity).
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Fig. 8. Reversals of the magnetic field. 173 events have been idehti§i reversals which leads to a mean polarity life-time pf@pmately
11 diffusion times.

average. The fluctuations of the zero cross-over are glightl
larger. We adopt an average valueltyf = 0.675 (the middle
of the fluid layer) with a standard deviation @f= +0.100.

2f ] According to Eq. (11) the actual values for the fluctuating
C ] quantities are updated ea@l® 1 7.
gt ] The dynamo number is given ki, = 20. This is clearly
(=] A v . d .
= i l\/‘f\N«/w\J[/L\J\\m,\/ \ﬂ\f\/w\»/\/\/\/\»/\%ﬂ\ overcritical a_nd theref_ore the non-llnear_ltles introddiby a
s | “"‘/\I v X \ Y local quenching function for the-effect given by
- ] 1
: ] a(B) = ag B (12)
ot . . . . . . ] might also have some influence on the solution. Indeed test
0 5 10 15 20 25 30 calculations show that increasing, — corresponding to a
time/t,g, stronger driven and thus more non-linear dynamo — reduces
the probability of a reversal.
Fig. 7. Fluctuations of the maximum and the minimum of the Figure 8 shows the time dependence of the radial mag-
effect in dependence of time (in units of the turnover-timg,)  Netic field at some point in the spherical shell for a long time
taken from the results shown in Fig. 1. calculations that spans 2000 diffusion times (with the alctu

time scaling this corresponds 20 million years). The mag-

. . netic field reverses irregularly. Both polarity states oagith

. '!'he amplitude of t.hez—eff-ect in the outer part of the S‘he”nearly the same probability and field strength. The distribu
IS shght_ly larger than in the inner partand the strengtl‘hefttion of time-periods between each reversal can be described
quct_uatlons amognts approximately 10% of t_he average. Itﬂ'f/ an exponential functioa~2*/¢, thus the reversals are in-
obvious that the tlm_escale of the fluctuat|0fls |sg|ver7ra!ay. dependent randomly occurring events (see Fig. 9). The num-
If,We assurrlei a typical value for the Earth's fluid outer corgy ¢ oo ife-times between consecutive reversals és-ov

u’ ~ 51077 m/s the timescale of the fluctuationsay IS ogtimated because it is difficult to distinguish betweenuexc
related to the diffusive timescatgig by sions and reversals. Within the presented 2D-simulatioas t
Tadv A (0.01...0.02) - Taigr (11) only possibility to characterize a reversal is a sign chasfge
whererqig IS estimated by Eq (8). Thus the duration which field component. Other properties, e.g. an slight increbse

is necessary for the-effect to stay in a critical state — giventhe tilt of the dipole axis followed by an immediate decrease
by Eq. (6) — is about5...30 times longer than the time scaleback to the original state as an indication for an excursion,
on which then-effect fluctuates. This indicates that a reversakre intrinsically not available. Here we filtered out all etse
clearly must be a very seldom event. It is also typical for thehere the field changes its sign only “slightly” and for a very
presented theory of the reversal phenomenon of the geoslgert time (£ 0.5 74;¢). This means that an original dipole-
namo that practically never a realization of thigrofile may state recovers very fast after the magnetic field just tosiche
exist so long that a complete oscillation can happen. the zero in Fig. 8.

For the long time calculations we adopt an isotropic For the chosen set of parameters the mean reversal rate
effect given by Eq. (5) and add fluctuations for the magnitud® about a factor of 5 higher than the rate observed for
and for the location of the zero. For simplicity we assunthe present date Earth. Short-time test-calculationstase
equal averages for the upper and lower amplitude which bdteen performed with slightly different values for /5. This
vary independently. The fluctuations are described by a Gaissthe crucial relation that specifies theeffect fluctuation
sian distribution with a standard deviatienof 10% of the timescale with respect to the turbulent diffusion time. The
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already a slightly reduced value fagq. /74is Significantly oretical reasons — resulted in a dynamo that is dominated by
increases the mean time between consecutive reversals. the non-axisymmetric modes (and the axisymmetric modes,
dipole and quadrupole are strongly suppressed). A regultin
realistic solution should be described by a combinatiorifef d

80[ ' ' ' ] ferent modes as it seems to be the case for the geodynamo.

g [ ] Indeed, observations of the magnetic fields of other planets
2 oy ] or moons in the Solar system show, that various manifes-
8 F ] tations of field configurations are possible. The nearly per-
= OF i fectdipole field of Saturn or the non-axisymmetric domidate
3 L b fields from Uranus and Neptune are some extraordinary ex-
s i ] amples.
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