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The self-rotation of dust particles in a magnetic field up to 0.02 T
is researched. The stratified glow discharge and a coaxial magnetic
field are used. The dust particles are hollow glass microspheres,
whose horizontal deflection is observed. The dependences of the
rotation frequency and the direction of dust grains on the magni-
tude and the direction of a superimposed magnetic field are stud-
ied. The hysteresis effect of a particle self-rotation direction at the
variation of the magnetic field intensity is examined.

1. Introduction

The rotation of a dust grain around its center of inertia
(spin) first reported in [1] is of importance for a num-
ber of reasons. The grain spin is related to the plasma
flux onto the surface of a grain. Since a charged spinning
particle possesses a magnetic moment, so there exists the
possibility to study the magnetic properties of the dust
component. Under certain conditions, the total spin mo-
mentum of all dust particles S may exceed the impulse
momentum L of the entire dust structure rotating in a
magnetic field [2]. Therefore, the consideration of a spin
is necessary for a proper understanding of the behav-
ior of complex plasmas in the presence of an external
magnetic field. The recently suggested optical method
of spin detection using the coordinate tracing and hol-
low transparent grains [3, 4] can essentially supplement
our knowledge about the mechanical behavior and the
magnetic properties of dusty plasmas.

In the first experiments [3] on a stratified glow dis-
charge, the dependence of the rotation on the magnetic
induction was not revealed. The present paper is aimed
to investigate the experimental results in more details.

2. Experiment
The experimental setup consists of a glow discharge

tube, magnetic coil, and visualization system. It has
minor changes from the one described in [3].
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Glow discharge was generated in a Ne—Hy mixture in
a proportion of 1:2 at pressures from 0.3 to 1 Torr. The
discharge current was usually 2 mA. The experiment is
performed in a stratifed glow discharge, and the plasma
parameters are typical, by depending on the pressure
and the current: the plasma density is 10'4-10'® m?;
the electron temperature is about 3—4 eV; and the lon-
gitudinal electric feld is 10-20 V/cm.

The magnetic field coaxial with the tube was oriented
vertically upward. Its magnitude altered usually from 0
to 160 G, which is associated with the discharge stability
and the presence term of only one dust particle in the
stratum.

The visualization system consists of a microscope
MBS-9 and a semiconductor laser module and a video
camera connected to it. The magnification of the op-
tical system is about 220X. The rotation was measured
by the coordinate tracing technique which is described in
[3,4] in detail. The system allows the angular frequency
registration from 80 to 2000 Hz.

The dust particles we used are hollow transparent
glass microspheres injected into the stratum by one. The
radii of particles were from 5 to 25 pm.

3. Results

The character of a variation of the own rotation fre-
quency with the magnetic field is individual for every
particle. Briefly reporting, we can notice a few major
points.

The first result is only a minor deviation of the angu-
lar velocity of the rotation of particles (without a mag-
netic field) at the switching-on of a magnetic field with a
strength up to 200 G. For majority particles, no change
of the angular velocity was observed within errors.

In addition, it has been established that there is an
asymmetry of the dependence of the angular velocity of
the rotation on the magnetic field strength at its increase
and reduction. As the magnetic field increases, the ob-
tained curve lies lower, than that, when the magnetic
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Fig. 1. Dependence of the own rotation frequency of a spherical
particle on the magnetic field at its increase (the bottom curve)
and reduction (the top curve). The size of a particle is 20 um, the
current equals 2 mA, the gas is a mixture of neon with hydrogen
(2:1) at a pressure of 0.3 Torr
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Fig. 2. Threshold of the rotation of a spherical particle in a mag-
netic field. The size of a particle is 10 pum, the current equals 2.5
mA, the gas is Ne at a pressure of 0.4 Torr

field decreases under the same conditions (see Fig. 1).
We call the given effect as the hysteresis of the angular
velocity of a dust top in a magnetic field.

The imposed magnetic field has shown the thresh-
old character of rotation for the particles which reveal
no rotation without a magnetic field. Figure 2 shows
the effect for a typical particle-sphere with the absence
of essential defects of a surface, which was determined
by speckles at the illumination of a particle by the
laser.

When a magnetic field is absent, the rotation direction
of particles is random. Under the action of a magnetic
field, the angular velocity of particles is aligned against
the direction of the magnetic induction.
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4. Conclusion

The observations of single dust granules with high opti-
cal magnification and the application of the coordinate
tracing technique have allowed us to register the thresh-
old effect of rotation of dust granules in a magnetic field.
These observations at the kinetic level explain a change
of the number of rotating dust particles found out in [1]
and show that the dusty plasma has the paramagnetic
properties.

The obtained results indicate the presence of two in-
dependent mechanisms inducing the dust particle rota-
tion: one is caused by the action of a magnetic field on
the existing magnetic dipole, and another one is caused
by plasma flows. But the threshold character of rotation
and the effect of its hysteresis in a magnetic field up to
200 G demand the further researches of the rotation in
a greater range of changes of a magnetic field [5-10].
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JUHAMIKA BJIACHOTI'O OBEPTAHHS{ ITNJIOBUX
YACTHMHOK Y MATHITHOMY IIOJII

O.C. [lsaiesa, M.A. Epmonaenxo, M.C. TI'oaybes, A.FO. Isaros,
B.IO. Kapacvos

Peszmowme

Y crarTi HOCIiIPKEHO 06epTaovnii pyX MHUJIOBUX YaCTUHOK HaB-
KOJIO IleHTpa iHepuil y mar"iTHomy mnosi 3 imgykuiero o 200 Ic.
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EkcnepumeHT BUKOHAaHO y cTpaTudiKOBAHOMY pO3psii y IO-
3/I0B’)KHBOMY MAarHITHOMY IIOJli. Y pPOJIi HHMJIOBUX YaCTUHOK BU-
KOPHUCTaHO TIOPOXKHUCTI CKJsiHI Mikpocdepu. Meromom peri-
crpariil obepTaHHsSI BHUCTYIIA€ METOJ] PO3rOPTKHU PO3CISTHOTO CBi-
TJIa B TOPU30HTAJIHLHOMY HAIPSIMKY. BHBUYEHO 3aJIe2KHOCTI Be-
JIMYAHU 1 HAIPSIMKY KyTOBOI IIBUJIKOCTI YaCTUHOK BiJ| Beju-
9uHU 1 TmoaspHOCTI MaraiTHoro moss. Ilokasano, 10 BiacHe
obepTaHHsS YACTUHOK Yy MAarHiTHOMY IOJIi Ma€ BJIACTUBICTH ricre-

pesucy.
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