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The paper investigates the question on the possibility of reversals within a low-mode model
of αΩ -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 α -effect amplitude on radius are discussed.
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Introduction

αΩ-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 palеomagnetic 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.

Vodinchar Gleb Mikhailovich – Ph.D. (Phys. & Math.), Head of Lab. Modeling of physical processes,
Institute of Cosmophysical Researches and Radio Wave Propagation FEB RAS, Associate Professor, Dept.
Mathematics & Physics, Vitus Bering Kamchatka State University.

Godomskaya Anna Nikolaevna – Postgraduate Student, Institute of Cosmophysical Researches and
Radio Wave Propagation FEB RAS.

Sheremetyeva Olga Vladimirovna – Ph.D. (Tech.), Researcher of Lab. Modeling of physical
processes, Institute of Cosmophysical Researches and Radio Wave Propagation FEB RAS.,
Associate Professor, Dept. of Mathematics and Physics, Vitus Bering Kamchatka State University.

©Vodinchar G.M., Feshchenko L.K., 2015.

51



ISSN 2313-0156 Vodinchar G.M., Godomskaya A.N., Sheremetyeva O.V.

Statement of the problem

We consider the αΩ-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 u 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 = uT v1(r)+uPv2(r),
B = BT B1(r)+BPB2(r),

(1)

where the components of the velocity field and of the magnetic field are considered to
be time-independent, and the component BP

1 (r) is a dipole one

v1(r) = vT
1 (r),

v2(r) = vP
2 (r),

B1(r) = BT
2 (r),

B2(r) = BP
1 (r).

(2)

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

∂v
∂ t +(v∇)v+2Ω×v+Ω× (Ω× r) = ν∆v− 1

ρ
∇P+

1
ρµ

(∇×B)×B+ f,
∂B
∂ t = ∇× (v×B)+νm∆B,
∇v = ∇B = 0,

(3)

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, ρ is the
polarity, ν is the kinematic viscosity, νm is the magnetic viscosity, µ is the magnetic
permeability, may be written in low-mode approximation applying the Galerkin method
[3] in the following form:

duT

dt
= RemB112uT uP− Rem

Re
µ1uT +

Rem

E ·Re
P12uP +L112BT BP,

duP

dt
= RemB211(uT )2− Rem

Re
µ2uP +

Rem

E ·Re
P21uT +L211(BT )2 +L222(BP)2 + f ,

dBT

dt
= Rem(W112uT BP +W121uPBT )+RαW α

12BP−ν1BT ,

dBP

dt
= RemW222uPBP +RαW α

21BT −ν2BP,

(4)

where uT is the velocity toroidal mode, uP is the velocity poloidal mode, BT is the
magnetic field toroidal mode, BP is the magnetic field poloidal mode, Re is the Reynolds’
number, Rem is the magnetic Reynolds’ number, Rα is the α-effect amplitude,
E is the Ekman number, f is the external force, µi is the viscous dissipation coefficient,
νi is the magnetic dissipation coefficient. The values Re = 10÷ 104, Rem = 104÷ 1010,
E = 10−10÷ 10−5 are defined randomly within the limits of change of possible values.
Coefficients Bi jk,Wi jk,Wi 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:
B112 = 0.365, B211 = −0.365, B222 = −0.170, P12 = 0.193, L112 = 0.487, L211 = 0.211,
W112 = −0.487, W121 = −0.211, W222 = 0.170, ν1 = 33.218, ν2 = 9.870, µ1 = 28.159,
µ2 = 86.573.
Depending on the definition of an algebraic function for
α-effect amplitude, coefficients W α

i j take the following values:

1) if the dependence is constant α(r) = 1 : W α
12 = 1.874,W α

21 = 1.037,

2) if the dependence is linear α(r) = r : W α
12 = 1.073,W α

21 = 0.788,

3) if the dependence on radius is sinusoidal α(r) = sinr: W α
12 =−0.506, W α

21 = 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): 

dBT

dt
= Rem(W112uT BP +W121uPBT )+RαW α

12BP−ν1BT ,

dBP

dt
= RemW222uPBP +RαW α

21BT −ν2BP,

(5)

with unknown parameters Rα , RemuP, RemuT . The ranges of their possible values in
logarithmic scale are defined as follows:

lgRα ∈ [−1,3], lg(RemuP) ∈ [3,7], lg(RemuT ) ∈ [2,8].

The oscillatory solution of system (5) may be derived providing that the discriminant
of its characteristic equation is negative∣∣∣∣RemW121uP−ν1 RemW112uT +RαW α

12
RαW α

21 RemW222uP−ν2

∣∣∣∣= 0

and the derived solution will be stable in the sense of Lyapunov [8], if the characteristic
equation coefficients written in a general form λ 2 + pλ +q = 0 are positive:

p = 43.088+0.041RemuP,
q =−0.035870Rem(uP)2−3.564490RemuP +0.487W21RαRemuT +327.861660−W21R2

αW12,

Based on the assumed limits, we obtained a range in the space of the parameters
Rα , RemuP, RemuT , 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 α-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
the parameters Rα , RemuP, RemuT

а) b)

Fig. 2. Changes of the toroidal and poloidal modes of the velocity field and of the
magnetic field when the α-effect amplitude is defined by linear dependence
α(r) = 1

а) b)

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

54



Reversals of magnetic field in . . . ISSN 2313-0156

а) b)

Fig. 4. Changes of the toroidal and poloidal modes of the velocity field and of the
magnetic field when the α-effect amplitude is defined by nonlinear dependence
α(r) = sinr

Conclusions

Based on the excepted low-mode model of αΩ-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 α-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 αΩ-dynamo to describe
reversal mechanisms.
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