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Abstract

The dust particles movement induced by a stochastic magnetic �eld with radial
�uctuation is studied. The solutions of the Newton -Lorentz equation of dust par-
ticles are obtained for physically relevant parameters values; we obtained also the
trajectories, the hodographs of the velocities and accelerations for di¤erent values
of the dimensionless Larmor frequency and speci�c parameters.
PACS numbers: 52.35.Ra, 52.25.Gj, 02.50.Ey, 05.10.Gg

1 Introduction

We have analyzed in this paper the dust particles trajectories induced by the �uctuations
of the magnetic �eld. We have solved the Newton -Lorentz equation of dust particles for
physically relevant parameters values, namely the dimensionless Larmor frequency 
 and
the dimensionless parameters A;B; pz and py (see below their de�nitions).
The paper is organized as follows. The equations of motion for the dust particle in a

stochastic magnetic �eld are established in section 2. In section 3, the hodographs of the
velocities, the accelerations and the trajectories for the dust particles were obtained for
di¤erent values of the parameters. The conclusions are summarized in section 4.

2 Equations of motion for the dust particle

The electric �eld is considered to be irrelevant in our analysis and only the magnetic
�eld with �uctuations in a plane perpendicular to the mean magnetic �eld is used. The
Newton-Lorentz force is:

m
dV

dt
= q (V �B) (1)

where the stochastic magnetic �eld is given by the expression:

B (X)=B0 [ez + �bx (X) ex] (2)

where X � (X; Y; Z) and � is a dimensionless parameter measuring the amplitude of
the radial magnetic �eld �uctuation relative to the mean magnetic �eld B0ez. The scalar
equations corresponding to eqs. (1) combined with the eq.(2) are:

dVx
dt

=
qB0
m
Vy (3)
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dVy
dt

=
qB0
m
(�Vx + Vz�bx) (4)

dVz
dt

= �qB0
m
Vy�bx (5)

We use the following dimensionless quantities:

V

v0
= v ;

t

t0
= �;

X

L
= x (6)

where the thermal velocity v0 � vth is of order 103 m=s and the stopping time t0 = ts is
of order 104s if the dimension of the dust grain is 10�2m: and L is of order of meter. We
will consider in our paper that the poloidal magnetic �eld �uctuation, �by is � 0 and the
radial magnetic �eld �uctuation has the following expression:

�bx = A sin zpz +B cos ypy (7)

The expression given in (7) is similar with the dimensionless radial velocity of the Arnold-
Beltrami-Childress �ow (see e.g. [5]). Here A;B are two real dimensionless parameters
and pz = py � 2�L = 1. The dimensionless equations that we obtain are:

dvx
d�

= 
vy

dvy
d�

= 
 [�vx + vz (A sin zpz +B cos ypy)]
dvz
d�

= �
 [vy (A sin zpz +B cos ypy)] (8)

where 
 � qB0t0
m

that is considered to be of order [1; 100]. We will consider that the
masses of the dust particles are in the range [10�11; 10�10] kg and the electric charges
are in the range [10�14; 10�13] C [1]. The order of magnitude of the mean magnetic �eld
is considered to be of order 10 T .

3 The trajectories, velocities and accelerations for
the dust particle

In this section we represented the solutions and the trajectories for the dust particle
for di¤erent values of the Lorentz frequency 
 and the parameters A;B; pz = py = 1.
In �gures (1)-(4) we visualised the trajectories, velocities, hodographs of velocities and
accelerations for di¤erent values of the parameters. For 
 = 2 the trajectory is a helix
with a relatively small pitch. The pitch the smaller the greater 
 is. We developed a
numerical Matlab code in order to evaluate the solutions of the sistem of equations. The
number of oscillations of the solutions increases if the Larmor frequency increases as we
can observe from �gures (1-4).
More informations on the dynamics will be obtained from the analysis of the running

and asymptotic di¤usion coe¢ cients but this issue is left for a future paper.

4 Conclusions

The dust particles motion was studied and the solutions, the trajectories, the velocities
and the accelerations for the dust particle for di¤erent values of the Lorentz dimensionless
frequency 
 and the parameters A;B; pz = py = 1 were calculated.
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Figure 1: Trajectory (up left side), velocities (up right side), hodograph of velocities
(down left side) and the accelerations (down right side) for A = B = 1;
 = 2:
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Figure 2: Trajectory (up left side), velocities (up right side), hodograph of velocities
(down left side) and the accelerations (down right side) for A = B = 1;
 = 10
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Figure 3: Trajectory (up left side), velocities (up right side), hodograph of velocities
(down left side) and the accelerations (down right side) for A = 1; B = 0;
 = 10
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Figure 4: Trajectory (up left side), velocities (up right side), hodograph of velocities
(down left side) and the accelerations (down right side) for A = 1; B = 0;
 = 20

103



Acknowledgments
This work has been carried out within the framework of the EUROfusion Consortium

and has received funding from the EURATOM research and training programme 2014-
2018 under grant agreement No 633053. The views and opinions expressed herein do not
necessarily re�ect those of the European Commission.

References

[1] L V Deputatova, V S Filinov, D S Lapitsky, V Ya Pecherkin, R A Syrovatka, L M
Vasilyak and V I Vladimirov, Journal of Physics: Conference Series 653 (2015) 012129

[2] P.K. Shukla, N.L. Tsintsadze, Physics Letters A 372, 2053� 2055 (2008).

[3] A. Greco, A. L. Taktakishvili, G. Zimbardo, P. Veltri, G. Cimino, L. M. Ze-
lenyi, and R. E. Lopez, Journal of Geophysical Research, Vol. 108, No. A11, 1395,
doi:10.1029/2003JA010087, 2003

[4] M. Negrea, Trajectories of a dust particle in a magnetic �eld with constant shear,
Physics AUC, vol.16, 2016, pp. 28-33.

[5] P. Pommois, P. Veltri, and G. Zimbardo, Phys.Rev.E , 59, 2, 1999, pp.2244.

104




