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Comment on “Charging of dust grains in a plasma with negative ions”
[Phys. Plasmas 10, 1518 (2003)]
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The shortcoming in the expression of approximated negative ions current to negatively charged dust
grains in the case of streaming negative ions distribution by Mamun and JiRikta. Plasmaso,
1518(2003] is pointed out. Improved estimation in dust grain charging current in the retarding field

is presented in the case of streaming dusty plasmas, where the particles streaming velocity is much
larger than their thermal velocity. @003 American Institute of Physics.
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In a recent paper, Mamun and Shuieave presented an objective here is to present the dust grain charging current in
investigation on the role of negative ions on negativelya streaming dusty plasma {>vy,) considering the lower
charged dust grain surface potentials in dusty plasmas. THemit of velocity integration in the retarding sheath potential
negative ions are thus in the retarding sheath potential of thef the dust grain.
dust grain. Two types of negative ions distributions are con-  Dust grain charging currents for the nonstreaming and
sidered:(1) streaming negative ions ar@ Boltzmannian  streaming dusty plasmas are derived considering the proper
negative ions. This investigation is important in the trend ofjimit of velocity integration (/2q#d/m to «) in the retard-
current progress of dusty plasma physics. However, in théhg field. In the nonstreaming dusty plasma, the obtained
derivation of negative ions current to the dust gridiiol. (3)  result is exactly consistent with other resdife? If the par-
of Ref. 1], when the negative ions streaming velocity)Xis  ticles streaming velocity is arbitrary, then the dust grain
much larger than the negative ion thermal velocityn0.  charging current expressions are much more complicated.
they have ignored the lower limit of the integration of par- However, in the limitv ,>vy,, the approximate expression
ticle velocity. This lower limit of integration is/(2q¢4/m)  of particles current to dust grain can be readily obtained by
and is the minimum velocity of the particles, which is neededintegrating over function distributions. In this limiting case,
to reach the dust grain by overcoming the retarding sheatfye have obtained improved expressions of dust grain charg-
potential of the dust grain. The quantitigsandm are the  jng current compared to EB) of Ref. 1 in a retarding field.
charge and mass of the particles, respectively, &is the  ginqly, particles currents are derived in the nonstreaming
dust grain surface potential. Mamun and Shiikiave shown 5 streaming dusty plasmas when the limit of velocity inte-
that at the dust grain surface, the ratio f2a¢q/m) and gration is extended from O te. Dust charging current inte-
vin=(\/(2kgT/m)) for electrons, "e"|e¢d/kBTe|,>2: In" " gral in the retarding field becomes the current integral for the
low temperature laboratory dusty plasmas, negative ions M3fhick sheath accelerating field when the limit is extended
be multiply charged(Zye) and their temperzatureTg) 'S from 0 to=.® The particles motion to dust grain is then said
much lower than the electron temperatulig)(~ Here, Z, is to be orbit limited(OL). The obtained current expressions

the number of charge. Therefore, for negative ions the rat'%lre exactly consistent with other results in the case of OL

becomes|Zne¢d/kBTn|>|e¢d /.kBT*’." A condition fo-r the motion of particles in the accelerating fietd These suggest
velocity of streaming negative ions can be written as

(20n6a /M) > 10> vy According to this condition, all that our model for the der|vat|o_n of dust grain _charglng cur-
. nne . rents in the case of nonstreaming and streaming dusty plas-
the streaming negative ions with> v, cannot graze the as is correct from both the mathematical and physical
dust grain by overcoming the retarding sheath potential of" phy

the grain. Therefore, the lower limit of the velocity integra- points of VIEW. : .
tion for negative ions is important even whegsv . Our To derive expressions for charged particle currehfsq

" dust grain as a function @by, we have considered a spheri-
cal dust grain immerged in plasma. In this derivation, we

dPermanent address: Institute of Nuclear Science and Technology. Atomiﬁ i ;
: _ : ave taken advantage of the procedure in the deduction of
Energy Research Establishment, Ganakbari, Savar, Dhaka (G4R0. 9 P

Box 3787, Dhakal000 Bangladesh: electronic  mail: electric probe formulas proposed by Meditwmd, more-
khairulislam@yahoo.com over, have followed the book in Ref. 6. The current to the
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dust grain for the particles with uniform initial velocitiesis
given by

|=7TC]J’ pgvf(v)dv, 1)
where wpé is the “collision” cross section of the spherical
dust grain for particles with the velocities py is the impact
parameter of a particle which grazes the dust grainfgdndl
is the velocity distribution of the particles.
The impact parametep for which the particles reach
the dust grain is given By
Pa=ra(1-2q¢dmo?). 2

In the retarding field, the particles with,=r 4 reach the dust
grain, provided their velocity is in the following range:

v=(2q¢pg/m)*2, (3
Using the velocity limit[Eqg. (3)] and the value opy [Eq.

(2)], we get the current to dust grain in the retarding field

from Eq. (1),

Ir=7Tr§q | (1—2q¢g/mv?)vf(v)do.
(2a¢pg/m)M?

(4)

We now apply the resu[iEqg. (4)] to Maxwellian distribution

of particles,
f(v)=4mny(m/2mkgT)¥? exp(—mv?/2kgT),  (5)

wheren, is the density of the particles.
The straightforward integration of Ed4) yields the
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I ~mrign,u,| 1— 204 (4q¢d)m
rs dq oY o mvg 7TkBT
Qg gy
Xex;{—kB—T), when kB—T>1, (8b)
and
2 4kgT |12
Irs%ﬂ'rgqnovo(l_q;i)zd)(—la) )
mug |\ T gy
(oo
when kB_T <1. (80

Equation(8) is the improved approximated dust grain charg-
ing current by streaming charged particleg>vy,, in the
retarding sheath potential of dust grain.

Dust charging current integrals in the retarding field
[Egs.(4) and(7)] become the current integrals for the thick
sheath accelerating field when the limit of velocity integra-

tion is extended from 0 te.® The particles motion to dust

grain is then said to be orbit limite@L). Thus, following

the same procedure as before, particles current to dust grain

in nonstreaming and streaming dusty plasmas with this limit

(0 to ) can be derived, which are, respectively,
| o= 7r3qNo(8kg T/ M) Y1 — qepg/kgT), 9
| as= 7T 3qNGU (1 — 2q g/ Mu2). (10)

The obtained current expressions are exactly consistent with
other results in the case of OL motion of particles to dust

charged particles current to dust grain in the retarding fieldgrain in an accelerating fieftr

I, = 7r3qny(8kg T/ 7m)Y2exp( — qpy/kgT). (6)

This equation is exactly consistent with other restift§,

which are the dust grain charging current due to electron

when the dust grains are negatively charged.

In summary, we have derived the dust grain charging
current expressions in the retarding field for the nonstream-
ing dusty plasmaEq. (6)] and for the streaming dusty

plasma when >vy, [Eq. (8)] considering the proper limit

of velocity integration (2q¢d/m to «). In the nonstream-

Now we consider that the lighter charged particles ardng dusty plasma, the obtained result is exactly consistent

streaming with respect to dust grain with a spegd where

with other result$:®# In the streaming dusty plasma, im-

vo>uy. In this limiting case, the particles current to dust Proved approximated dust grain charging current of(Bpis

grain in retarding field of Eq4) becomes

29y *
1__m 2 )Uof(

Uo 2q¢g /m)12

l,s=7r3q f(v)dv. (7)
The Maxwellian distribution of Eq(5) can be used for Eq.
(7), since in the limitv,>vy,, the distribution function

obtained.

Finally, particles currents are derived in the nonstream-
ing and streaming dusty plasmas when the limit of velocity
integration is extended from O te. Dust charging current
integrals in the retarding fieltEgs. (4) and(7)] become the
current integrals for the thick sheath accelerating field when
the limit is extended from 0 te.® Then the particles motion

would have a circular contours displace form the origingg qust grain is said to be orbit limite@L). The obtained

by v,.

current expressiongf. Egs.(9) and (10)] are exactly con-

The particles current to dust grain in the retarding fieldgjstent with the other results in the case of OL motion of

for the streaming particlesy(>uvy,), is then obtained from
Egs.(5) and(7):

W!’d)

2q¢yq ( 4kgT ) 1’2(
oz et

Irs:'ﬁrgqnovo(l_ 2
mvo 77q¢d

qyq
Xw%_ﬁﬁ»
Now, we consider the two limiting caség¢q/kgT|>1 and
|qey/kgT|<1, then Eq.(8a becomes

(8a)

particles to dust grain in an accelerating figftiThese sug-
gest that our model for the derivation of dust grain charging
currents in the retarding sheath potential of the grain in the
case of nonstreaming and streaming dusty plasmas is correct
from both the mathematical and physical points of view. The
current expressiofiEq. (10)] for streaming dusty plasma in
the accelerating field is similar to E¢B) of Ref. 1, but four
times lower than Eq(3). Probably, the factor 4 in Eq3) of

Ref. 1 is a mistake. Equatiof8) of Ref. 1 is the negative
ions current to negatively charged dust grain. Thus, Mamun
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