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6.3.1 Electric Field Force
The governing force on charged particles is the force in the electric field ~E given by

~FE = Qd
~E = 4º≤0a¡fl

~E . (6.17)

The force scales linearly with the particle size as predicted by the capacitor model in Sec. 6.2.1.
Hamaguchi and Farouki [29] have discussed the question of whether a shielding cloud around
the dust particle would lead to a modification of the electric field force. They found that mod-
ifications to the electric field force would only have to be considered when the shielding cloud
is distorted. In that case, polarization forces on the particles might exist which can be written
as

~Fdip = ~r(~p · ~E)

where ~p the dipole moment. Dipole moments can either be induced by an external electric
field [30] or by directed charging processes (for dielectric particles) where due to an ion flow
the front side of the particle is charged more positively than the back side [31]. Polarization
forces are usually considered negligible, except for very large particles [32].

6.3.2 Gravity
The gravitational force simply is

~Fg = md~g =
4
3
ºa3Ωd~g . (6.18)

with the gravitational acceleration ~g and the mass density of the dust particles Ωd. This force
obviously scales as a3. Thus, it is a dominant force for particles in the micrometer range and
becomes negligible for nanometer particles.

6.3.3 Ion Drag Force
Ions streaming past a dust particle exert a force on the dust by scattering of the ions in the
electric field of the dust or by collection on the dust surface. In a plasma discharge there
always is a persistent ion stream either due to ambipolar diffusion in the plasma bulk or due to
the electric fields in the plasma sheath. The ion drag force is one of the major forces on dust
particles. It is understood qualitatively, but a complete quantitative description is still missing
due to the complexity of the involved processes.

The ion drag consists of two parts, the collection force ~Fcoll due to ions hitting the dust
and the Coulomb force ~FCoul due to scattering of the ions in the electrostatic field of the dust
[33, 34, 35, 36, 37]. The total ion drag force is then given by

~Fion = ~Fcoll + ~FCoul . (6.19)

The ions which arrive at the particle not only contribute to ion charging of the dust, but
also transfer their momentum to the dust and thus exert the collection force on the dust. This


