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The paper investigates the question on the possibility of reversals within a low-mode model
of «Q -dynamo. The MHD-system parameters were defined when reversals of the magnetic
field during the relative constancy of velocity fields of a viscous conducting magnetized
fluid are possible. The results of numerical solution of the system with the assumption of
various types of dependences of o -effect amplitude on radius are discussed.
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Introduction

aQ-dynamo mechanism is typical for astrophysical objects (planets, stars, galactic
disks). This type of dynamo assumes differential rotation of an object and turbulent
character of motion of the conducting medium in this object [2, 3, 4, 5]. Reversals are
observed in real space dynamo-systems including the Earth. The data on geomagnetic
field reversals are obtained from paleomagnetic records on the basis of which geomagnetic
polarity scale is built. Time intervals between the reversals (polarity intervals) differ by
several orders. There are long intervals without reversals [6]. Moreover, we should
note that reversal periods in the magnetic field are much shorter than those in the
velocity field of a well-conducting viscous fluid. Construction of a dynamo model
completely displaying the real paleomagnetic scale is a difficult problem. Different
dynamo models allow us to obtain random sequences of reversals, the properties of
which differ significantly depending on the choice of parameters.

The main aim of the work within the assumed model of dynamo is to obtain solutions
for a magnetohydrodynamic system when reversals in the magnetic field may occur
during relative constancy of the velocity field.
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Statement of the problem

We consider the aQ-dynamo model with the assumtion of axial symmetry of the
velocity field of a viscous fluid u and of the mangeitc field B. Then the spacial structure
of the mean feild w is simple and we may confine ourselves to one-mode approximation
for toroidal and poloidal components of these fields which may be described by scalar

functions:
v=ulv(r) +ulvy(r), 0
B = B"B,(r) +BB;,(r),

where the components of the velocity field and of the magnetic field are considered to
be time-independent, and the component Bf(r) is a dipole one

Vlgrg = viér)),
l;]?(r) = Ezg(r)’, (2)
By(r) = B{(r).

We suppose that the mean flow u has the nature of differential rotation [2, 3, 4,
|. Taking into account the assumptions, the system of MHD-equations of large-scale
dynamo

1
%+(VV)V+2QXV+QX (Qxr) :vAv—Il)VP—i—ﬁ(VXB) X B+f,

%_?:Vx (vxB)+v,AB, (3)
Vv=VB =0,

where v is the velocity field of a viscous fluid, B is the magnetic field, f is the external
force (poloidal velocity source), P is the pressure, r is the radius-vector, p is the
polarity, v is the kinematic viscosity, v,, is the magnetic viscosity, u is the magnetic
permeability, may be written in low-mode approximation applying the Galerkin method
[3] in the following form:

(du’ T p Rem 1 Rey P T pP
—— = Re,,B - — P Li»B' B
ar embi12u U Re M1t +E-Re 12U + L2 ;
du® 72 Rem —p  Rep T T2 P2
—— = Re,,B - — P L1 (B Lo (B
7 emB211 (1) R o P+ 211(B" )"+ Lona(BY)" + f,
dB” (4)
7 = Rem(WuzuTBP + W121uPBT) —{-ROCWlOéBP — VIBT,
dB® PpP apT P
7 = Re,,Wroou" B® +RqW1B" — 2B,

\

where u! is the velocity toroidal mode, u” is the velocity poloidal mode, BT is the

magnetic field toroidal mode, B is the magnetic field poloidal mode, Re is the Reynolds’
number, Re,, is the magnetic Reynolds’ number, Ry is the a-effect amplitude,

E is the Ekman number, f is the external force, y; is the viscous dissipation coefficient,
v; is the magnetic dissipation coefficient. The values Re = 10+ 10%, Re,, = 10* = 10'°,
E =10"1"-107 are defined randomly within the limits of change of possible values.
Coefficients B;jx,W;jx,W;j, P12 are volume integrals from the fields under analysis the
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values of which for the accepted model are set to be equal to:

Bi1a = 0.365, Bajj = —0.365, Bayy = —0.170, Py = 0.193, Lyjp = 0.487, Lyj; = 0.211,
Wi = —0.487, Wiy = —0.211, Wy = 0.170, vy = 33.218, v, =9.870, u; = 28.159,
Uy = 86.573.

Depending on the definition of an algebraic function for

a-effect amplitude, coefficients W, take the following values:

1) if the dependence is constant o(r) =1: W% =1.874, Wi =1.037,
2) if the dependence is linear ot(r) =r: W3 =1.073,W;} =0.788,

3) if the dependence on radius is sinusoidal o(r) = sinr: W3 = —0.506, W5 = 0.117.

Modeling results

With the assumption of relative constancy of the velocity field, we set the velocity
mode values as constants. Then reversals in the magnetic field will be possible only on
the condition that there is an oscillatory solution for the two latest differential equations
of system (5):

dB"
= Re,,(Wiiou® BY +WipuP BT) + RyWEBP — viBT |

P (5)
dB PpP apT P
7 = Re,,Woou" B® +RqW5|B" — 2B,
with unknown parameters Ry, Renu’, Renu’. The ranges of their possible values in
logarithmic scale are defined as follows:

IgRy € [—1,3], 1g(Renu’) € [3,7), 1g(Reu’) € [2,8].

The oscillatory solution of system (5) may be derived providing that the discriminant
of its characteristic equation is negative

RenWiniu” —vi - RenWiou' +RaW3| _
RaWZO{ ReszzzuP -V o

and the derived solution will be stable in the sense of Lyapunov [8], if the characteristic
equation coefficients written in a general form A+ pA 4 ¢ =0 are positive:

p =43.088 4 0.041Re,u’,
g = —0.035870Re,,(u")? — 3.564490Re,,u” 4 0.487Wp Ry Re,nu’ +327.861660 — Wo RZ W5,

Based on the assumed limits, we obtained a range in the space of the parameters
Ry, Renu®, Re,u’, where the magnetic field has an oscillatory character (Fig. 1).

Numerical calculations showed that magnetic field reversals occur at most points of
the obtained range. However, as a rule, both the velocity field and the magnetic field
attenuate promptly. Oscillation periods in the field under study are almost similar (Fig.
2 -3).

Magnetic field reversals occurring at the background of slow changes in the velocity
field are typical for sinusoidal dependence of a-effect amplitude on radius (Fig. 4).
However, in this case the magnetic field also attenuates rapidly and its oscillations
occur near the zero value.
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Fig. 1. Projections of the range of the oscillatory solution for system (5) in the space of
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the parameters Ry, Renu', Reyu
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Fig. 2. Changes of the toroidal and poloidal modes of the velocity field and of the
magnetic field when the a-effect amplitude is defined by linear dependence

Graphiki Graphiki2
250
I
250
400
200
5 ;0
100
0
s
& n]
rsni
|
10000
5000
& 0
3000
“10000 e
00 01 o0z 03 0+ 05 06 07 08 09 10 11 12 13 14 15 16 17 L8 19 20 00 01 0z o3 o+ 05 @6 07 08 08 1o 11 1z 13 14 15 16 17 L8 15 20
t
—up(t) — ut(t) —bp(t) —bt(t) —Up —Ut —Bp —Bt

a) b)

Fig. 3. Changes of the toroidal and poloidal modes of the velocity field and of the
magnetic field when the «-effect amplitude is defined by linear dependence
o(r) =r: a) time dependence of field components; b) reversals of field components
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Fig. 4. Changes of the toroidal and poloidal modes of the velocity field and of the

magnetic field when the a-effect amplitude is defined by nonlinear dependence
o(r) =sinr

Conclusions

Based on the excepted low-mode model of aQ-dynamo with the assumption of

field axial symmetry, reversals in the magnetic field were obtained for realistic ranges
of parameter changes of MHD-system (4). However, the model did not allow us to
obtain reversals at the background of almost constant velocity field within the assumed
parameter limits. In all the cases, except for the nonlinear dependence of a-effect
amplitude on radius, reversal periods of the velocity field are comparable with reversal
periods of the magnetic field.

This class of models assumes significant simplifications and reflects the most general

properties, so to describe the mechanism of reversals it is necessary to choose the
modes of the fields under study properly. The obtained results allow us to determine
the direction of elaboration of the chosen low-mode model of a@Q-dynamo to describe
reversal mechanisms.
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