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Frontier of the Science of Dusty Plasmas
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Recent advances in the study of dusty plasmas are reviewed. Dusty plasmas, in which fine particles of micron sizes are present
in the plasma, are called complex plasmas because of a complex nature of two collective modes involving plasma particles and
much heavier fine particles[1]. Dust particles were studied earlier in 1940s and 50s in the context of interstellar matter and
planet formation [2,3]. Space exploration in 1980s rekindled the interest of charged dust particles in the universe [4]. In 1990s
dust particles found in the industrial plasma processing were identified as a result of particle coagulation in the plasma [5]. It
is rather remarkable to notice the common ground between interstellar dusts and laboratory dusts on the earth. They are both
charged either negatively or positively and are subject to the electric and magnetic fields. Dust particles in the laboratory are
large enough to be visible by naked eyes through scattering of a laser light. Extensive research in laboratories revealed the nature
of coagulation, self-organization and collective behavior of dust particles [6, 7, 8, 9]. Dust particles are found in a restricted
region in ground experiments balanced dominantly by the gravitational force and the electric force, while dust particles in the
gravitation-free environment form three dimensional structures subject mainly to forces of ion/neutral drag and the electric field.
Dynamic motion of fine particles in a complex (dust) plasma is reviewed with the emphasis of collective nature of plasmas.

The ordered state of dust particles forms a Coulomb cluster and is subject to the transition to a disordered state under the
change of background plasma conditions, known as a melting transition. The transition is observable by naked eyes in the parti-
cle or kinetic level. The attractive force between dust particles along the ion stream in the sheath is discussed in association with
the wake potential [10]. The force released as a result of thermodynamic free energy is also discussed [11]. A complex plasma
is under intensive investigation toward the understanding of the critical phenomena in the equation of state [12]. The effect of
magnetic field on the complex plasma is still to be investigated. Some rotational motion of Coulomb clusters were reported and
spinning motion of a single dust particle is also discussed [13,14,15].
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