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ABSTRACT. We give a n analytical model describing the ef­
fects of "fluff" on the potential and the electric field on 
and close to a charged spherical body embedded in an astro-
physical plasma. The consequences are investigated for dust 
grains biased at positive or negative potentials but large 
enough for electron or ion field emission to be active. 
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2. TWO POINT CHARGES MODEL FDR A SPHERE WITH A PROTRUSION 

It has been shown elsewhere (Lafon and Millet, 1984a,b) that 
a simple and fairly good model for a spherical metallic 
grain with one protrusion is that delimited by one of the 
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. 2 shows the geometry of the "two point charges" 
denotes the distance of any point M from the small 
e aQ at D. 
any point on the surface of the grain, the elec-
can be expressed as a function of A Cnote that 
derivations are correct the final expression of 
orrect in Lafon and Millet, 1984a) 
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E2 = 
[1-a}zA 2 ^ 

(ry ->it 4. 2 f A > 2 aMtd)2CX-a) i(A-a)H t ci^ll-cij^ -

t a[A-a) [ (A-a)2 t ( 1 - a ] 2 ) } 

where E is measured in units of Q/4ire R2 . 
At the end of the protrusion, P, on the axis of 

symmetry, this yields 

1 - a 
EP = 

Cltx)2 a[1-a) 
(1-2xHltg) for x << 1 and g =0(1) 

so that g characterizes also the enhancement of the electric 
field on the protrusion. 

Finally, note that, as explained in Lafon and Millet 
1984a, this model, which is based on the theory of electric 
images, is strictly valid for metals but it is also practi 
cally valid with high accuracy for materials with high enough 
relative permittivity e, "high enough" meaning e>3, i.e. for 
most of the insulators usually expectable in astrophysical 
grai ns. 

3. DISCUSSION OF THE MODEL 

Assuming that the small charg 
scribed the fundamental featu 
only two parameters , x for t 
spherical symmetry and g for 
investigate the effects of th 
complicated models of the sam 

First assume CFig. 3) 
replaced by a small charge a 
needle with length 2L aligned 
and centered at the same dist 
charge. Assume also that the 
in a similar way, i.e. the di 
of the protrusion on 0D is no 
straigthforward analytical di 
to the following results Cthe 
and Millet, 1964b) 

a < a 
The max 
F ar s m a 

=0CL/[x-dn. Mo 
protrusion is i 
der in L 

dE = -
3 

In a si 

imum admissibl 
11 needles [L 
reover, the e": 

ncreased by a 

2« L2 

e is a point charge we have de-
res due to a protrusion with 
he radial departure from the 
the shape of the bump. Now we 
is simplification using more 
e type. 
that the small charge aQ is 

0 evenly distributed along a 
on the axis of symmetry 0D, 

ance 0D = RMtd) than the Doint 
resulting projection is salient 
stance MfxlR between 0 and the 
t changed. Then a tedious but 
scussion of the equations leads 
method is sketched in Lafon 

e g, g is slightly reduced 
<< x-dj , a.. = a-da with da 
Bctric field at the end of the 
small amount of the second o r -

(x-d)2 (x-d)2 

milar way, asai (Fig-4) ^hat the smal. 

https://doi.org/10.1017/S0252921100084888 Published online by Cambridge University Press

https://doi.org/10.1017/S0252921100084888


344 J. P. LAFON AND J. M. MILLET 

charge aQ is replaced by a small charge a Q evrnly distribu­
ted over a disc with radius L, perpendicular to the axis of 
symmetry OD , centered at the same distance OD = Mtd)R as 
the point charge. Assume also that the resulting protrusion 
is still salient in a similar way : OP = (1td)R unchanged. 
A similar analysis leads to the following results : 

a > a 
The maximum admissible g 
For small discs CL <<x-d] a 

0(L2/[x-dl2]. Moreover, the electric 
the protrusion is reduced by a small 
order in L : . ? 

dE = -

is slightly reduced 
= a-da with da = 
field at the end P of 
amount of the second 

1 

2 (x-d)2 tx-dJ2 

To summarize, more sophisticated charge distributi­
ons will describe protrusions with different shapes but the 
description will be qualitatively unchanged and quantitati­
vely weakly perturbed. The parameters x and g are sufficient 
to account for the fundamental nhysical phenomena. 

4. THE ELECTRICAL EFFECTS OF FLUFF 

The main results of the previous sections is that even small 
protrusions (x << 1) can produce large enhancements of the 
electric field, [multiplication by a factor of the order of 
1tg , where g is independent of x and can be of the order of 
a few units]. On the other hand, an asymptotic analysis (L a-
fon and Millet, 1984a] shows that the equipotentia 1 surfaces 
surrounding a grain with a protrusion characterized by x,g 
becomes spherically symmetric at distances from 0 of the 
order of R(1 x(1 g~ )] i.e. close to the grain surface, in-
deDendently of x. 

Now, note that a recess can be described with a si­
milar model but with a < 0. However, the electric field is 
reduced close to a recess, which produces less noticeable 
effects. 

Finally, the important parameters for a fluffy grain 
are the greatest x and g characterizing the sizes and the 
degrees of attachment of its nrotrusions. 

The protrusions will be important for charei ner/dis -
charging processes sensitive to the local electric field, 
like the field emissionf for which a small enhancement of 
the local field increases the emitted current by orders of 
magnitude], but not for those sensitive to the potential 
structure! like the collection of plasma particles]. In par­
ticular, the presence of fluff can enlarge significantly the 
ranee of particle sizes for which the field emission fixes 
an upper bound for the magnitude of the notentlal. The field 
emission limited potential of a grain with protrusions chara­
cterized bv x,g will he lower by a factor [1-2x]Cltg] - 1+g 
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than for a smooth erain. Fig. 5 (from Lafon and Millet. 1984 
aliUustrates this effect under magnetospheric conditions. 

Of course, the violent discharge of fluffy chareed 
erains hy field emission (Lafon and Millet, 19833 can be 
triggered for larger grainsfwith sizes larger by a factor 
- 1+gl. 

For positively charged grains, the emission of ions 
produces mass loss from the emitting site. Strong field emi's 
sion reduces the lifetime of a grain. In other words, the 
the grain can survive so far as ion field emission is not 
active. Fluffy grains will tend to loose their fluff and ha­
ve smooth surfaces; they can even be destroyed if their po­
tential becomes excessive for their size. Smaller grains wil 
be sensitive to such effects when fluffy. 
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