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Abstract
The model developed in our paper considers a stochastic magnetic �eld that con-

tains a term representing the gradient of the magnetic �eld and a radial �uctuating
term that is described by the dimensionless function Abx(Y ) that are perpendicular
to the mean magnetic �eld B0. We have calculated the solutions, the hodographs of
velocities, the accelerations from the Newton-Lorentz equation for di¤erent values
of the dimensionless Lorentz frequency 
 and the dimensionless parameters A, �x; 
and KB:
PACS numbers: 52.35 Ra, 52.25 Fi, 05.40.-a, 02.50.-r.

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 parameter values, namely the dimensionless Larmor frequency 
 and
the dimensionless parameters A; �x, ;
 and KB (see below).
The paper is organized as follows. The magnetic �eld model and the Lorentz equations

are established in section 2. In section 3, the hodograph of velocities, the accelerations and
the trajectories for the dust particles were calculated and represented. The conclusions
are summarized in section 4.

2 The magnetic �eld model and the Lorentz equa-
tions

The expression of the inhomogeneous stochastic magnetic �eld that is characterized only
by a radial perturbation is:

B(X;Y; Z) = B0
��
1 +XL�1B

�
ez + Abx (Y ) ex + ey

	
(1)

where A is a dimensionless parameter measuring the amplitude of the magnetic �eld
�uctuation relative to the mean magnetic �eld B0 {see e.g. [3], [4], [5],[6]}. There is one
linear term depending on X in the right hand side of eq.(1): the nonhomogeneous term
XL�1B where LB is the gradient scale length. We will de�ne the term B0

�
1 +XL�1B

�
ez

as the gradient B term. The Newton-Lorentz force is:

m
dV

dt
= q (V �B) (2)
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and the corresponding system of equations corresponding to the de�nition given in (1) is:

dVx
dt

=
qB0
m
Vy
�
1 +XL�1B

�
(3)

dVy
dt

=
qB0
m

�
�Vx

�
1 +XL�1B

�
+ VzAbx

�
(4)

dVz
dt

=
qB0
m
(Vx � VyAbx) (5)

We use the following dimensionless quantities:

V

v0
= v ;

t

t0
= � ;

X

L
= x (6)

where v0 � vth ' 103ms�1; t0 � ts ' 104 sec and L is of order of meter. The dimensionless
system of equations is the following:

dvx
d�

= 
vy (1 +KBx)

dvy
d�

= 
 [�vx (1 +KBx) + vzAbx]

dvz
d�

= 
(vx � vyAbx) (7)

In the system (7) the following dimensionless parameters are introduced:

Dimensionless frequency 
 =
qB0t0
m

(8)

The inhomogeneous parameter KB =
L

LB
(9)

We choose Abx = A sin (�xy + ) where A is dimensionless amplitude of the radial �uc-
tuation and �x is proportional to L�1. We will consider that the masses of the dust
particles are in the range from [10�11; 10�10] kg and the electric charges are in the range
from [10�14; 10�13] C [1], [2]. The order of magnitude of the magnetic �eld is considered
to be of order 10 T . The thermal velocity 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: 
 is considered to be
of order [1; 100] and LB is of order of L.

3 The trajectories, velocities, hodographs of veloci-
ties and accelerations

In Figure 1 we visualized the trajectories (left up), velcocities (right up), hodograph of
velocities (left down) and accelerations (right down) for �xed values of the parameters
A = 1; �x = 1,  = 0;
 = 1 and KB = 1. The helix trajectory is obvious with a relatively
small pitch.
In Figure 2 was represented the trajectories (up) and the hodographs (down) of ve-

locities for A = 1; �x = 1;  = 0; KB = 1; 
 = f1 (blue); 5 (red); 10 (green)g. The
volume occupied by the 3-dimensional trajectory the smaller the greater 
 is. The small-
est gyration radius is then for 
 = 10 (the green curve). The volume of the 3-dimensional
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Figure 1: A = 1, �x = 1;  = 0; KB = 1; 
 = 1

trajectory diminishes if the parameter KB increases (see this feature comparing the Fig-
ures 2 and 3).In Figure 3 was represented the trajectories (up) and the hodographs (down)
of velocities for A = 1, �x = 1;  = 0; KB = 10; 
 = f1 (blue); 5 (red); 10 (green)g. In
�gure (4) was represented the trajectories (up) and the hodographs (down) of velocities
for A = 1;  = 0; KB = 10;
 = 10; �x = 1(green); �x = 3(magenta); �x = 2(black).
Varying the parameter �x we notice that the gyration radius is diminished but the elon-
gation of the trajectory increases: the greater is in the case of �x = 3(magenta).In Figure
5 was visualized the trajectories (up) and the hodographs of velocities (down) for A = 1,
�x = 1; KB = 1; 
 = 5;  = 0:1 (red);  = 0 (blue). If the phase is  = 0:1 or 0 there are
no rotations for the ions.

4 Conclusion

In this paper we obtained �rst results concerning the movement (trajectories, hodographs
of velocities, accelerations) for a dust particle for di¤erent values of the dimensionless
quantities such as: Lorentz frequency 
, the parameters A, �x,  and KB.
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Figure 2: A = 1, �x = 1;  = 0; KB = 1; 
 = f1 (blue); 5 (red); 10 (green)g
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Figure 3: A = 1, �x = 1;  = 0; KB = 10; 
 = f1 (blue); 5 (red); 10 (green)g

108



0
11

10

10 0.4

20z

0.3

30

y

10 3 9

x

40

0.28 0.1
7 0

0
0.02

1

0.01 0.03

2v z

0.02

3

vy

0 0.01

vx

4

00.01
0.01

0.02 0.02

Figure 4: A = 1, � = 1;  = 0; KB = 10;
 = 1(blue); 5(red); 10(green)
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Figure 5: A = 1, �x = 1; KB = 1; 
 = 5;  = 0:1 (red);  = 0 (blue)
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We can conclude that the movement is in�uenced by �x;
 and  and a small in�uence
is given by KB.
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