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Modification of the damping rate of the oscillations of a dust particle levitating
in a plasma due to the delayed charging effect
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Dusty plasmas have recently aftracted the attention of researchers as systems
available for observation at the kinetic level and have been studied in many aspects,
such as phase transitions, waves, response to different external influences and
instabilities. As the charge accumulated on dust particles depends on the
surrounding plasma parameters, it will be changing if a dust particle moves in the
nonuniform plasma medium. However, due to the finite charging time actual charge
on the dust particle should be different from the equilibrium value. This
phenomenon is known as the *delayed charging effect” (DCE). DCE has been
proposed to cause the self-excited oscillations of the dust particles [1] and the
self-excited transverse dust lattice waves observed at low
neutral gas pressures [2].

DCE term of the damping rate is in strong dependence
on plasma parameters and may be positive as well as
negative, so that net damping rate may also acquire
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m/pixel. Position of a dust particle is determined in each frame and the obtained
trajectory is analyzed (FIG. 1). In FIG.2, at pressures lower than 0.6 Pa, significant
deviations of the damping rate from the values predicted by the Epstein formula are
found in the experiment. The delayed charging effect is applied for the theoretical
explanation of the experimental results. Qualitative agreement between the
theoretical and experimental data is obtained[3].
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negative values. Therefore, direct measurements of the
damping rate , performed in this work, are supposed to give
much more information about DCE.

A levitating dust particle is illuminated with a He-Ne
laser sheet and the scattered light is registered with an

A
e s BEBEoBERE

image-intensified CCD video camera. The frame rate of
the video camera is set to 250 fps with exposure time of 2
ms. Spatial resolution of the imaging system is 13 4

FIG. 1: Example of a trajectory (@) and extracted amplitudes (b)
Jfitted with a linear curve (solid line). Damping factor =043 s!
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FIG. 2: Dependence of ratio B/p on pressure.
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