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Summary. In this paper the fluid-dynamic approach to dust tails
of comets introduced by Finson and Probstein (1968a) is extended
to an approximation of the rigorous three-dimensional model of
dust tails established by Kimura and Liu (1977), by considering
the tail as composed of ellipsoidal dust shells instead of spherical
ones. Following these improvements, the inverse approach to the
Finson-Probstein method (Fulle, 1987a) can be applied to the
dust tail and anti-tail of Comet Arend-Roland 1957 III and to the
dust tail of Comet Seki-Lines 19621I1. The results obtained show
that for these two comets (as for Comet Bennett 19701I) the size
distribution of the dust particles is strongly time-dependent. The
dust number production rate is strongly asymmetrical with respect
to the perihelion, whereas the mass production rate is appro-
ximately dependent on the inverse square of the Sun-Comet
distance. The outbursts of the dust number production rate can be
explained by the fragmentation processes of large dust, and/or by
the interruption of accretion processes of small dust, during the
bursts. The dust sublimation could have contributed to the
observed changes of the size distribution of Comet Seki-Lines
1962111 (¢ 0.03 AU =~ 7 solar radii). According to the hypothesis
that the dust of size >0.4mm is composed of silicates and/or
graphite, whereas the dust of size < 0.4 mm is composed of metals,
the computed time of complete sublimation of the metallic
particles would coincide with the observed time of disappearance
of the small particles. Even if these two comets have an hyperbolic
orbit, they injected meteoroids into the Solar System. The dust
mass injected into bounded orbits is (0.3 +50) 10*2 g for Comet
Arend-Roland and (3+5) 10'2g for Comet Seki-Lines. The
actual values depend on the adopted expression of the theoretic
size distribution and on the assumption of an isotropic dust
emission, or not. Only grains of size >0.5 < 0.7 mm are injected
into the zodiacal cloud. These masses are larger than the values
obtained for the most dust productive short-period comets over
the whole orbit (Newburn and Spinrad, 1985), but are lower than
those obtained for Comet Bennett 197011 (Fulle, 1987b).
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1. Introduction

The long-period comets (or parabolic ones) probably are more
productive sources of interplanetary dust than the short-period
ones (Fulle, 1987b). However, this suggestion was based on the
cometary sample of Comet Bennett 197011 only. It was pointed

out that the results of these computations are extremely sensitive
to the size distribution of the cometary dust, which should be
known with a sufficient accuracy. In this paper, we present the
computation of the dust mass injected into bounded orbits for
other two well known dusty comets: C/Arend-Roland 19571II and
C/Seki-Lines 1962111, which are characterized by an orbital
eccentricity greater than one.

The inverse approach to the Finson-Probstein method
(Finson and Probstein, 1968a, b) allowed Fulle (1987a) to reduce
the trial-and-error procedure needed by the original method in
order to obtain the solutions, and to find a strong time-
dependence of the size distribution, which cannot be neglected in
the computations of the dust mass injected into bounded orbits.
The Finson-Probstein method considers the dust tail as the
superposition of spherical shells of dust. Owing to this approxi-
mation, the analysis of the dust tail must be limited to a true
anomaly interval between the dust ejection and the observation
time much smaller than . In fact, Kimura and Liu (1977) showed
that the spherical shells are distorted into ellipsoidal shells by the
individual orbital motion of the particles. This distortion reaches
its maximum at a true anomaly = away from the ejection point,
when the ellipsoids are flattened onto the orbital plane. Therefore
the Finson-Probstein method cannot be applied directly to the
whole dust tails of C/19571III and C/196211I, because these tails
are composed of particles ejected along a true anomaly interval
greater than =.

In the next section, we extend the fluid-dynamic treatment
introduced by Finson and Probstein (1968a) to dust tails
composed of ellipsoidal shells, instead of spherical shells, in order
to approximate the rigorous three-dimensional model of Kimura
and Liu (1977). However, the real shape of the dust tail shells does
not depend on the dust dynamics only, but also on the anisotropies
of the inner coma, which rule the ejection velocities. Since a

Table 1. Parameters of the application of the method. N,:
number of the photographic observations. N,,: Number of
samples in the M direction. N,: number of samples in the N
direction. N,: number of samples in time. N,: number of samples
in the modified size. w: maximum hypersonic limit (imposed)

Comet N, N, N, N, N, w

n

1957111 2 30 30 20 10 0.4
1962111 1 30 30 15 10 0.6
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sufficiently realistic treatment of these anisotropies is not
available, we are forced to neglect them. Our aim is to obtain an
approximation of the Kimura-Liu shells which is affected by
errors probably smaller than those due to the simplistic coma
model assumed. Taking into account these improvements, the
inverse approach to the Finson-Probstein method can be applied
to C/195711I and C/19621II and the results allow us to compute
the dust mass injected into bounded orbits from these comets.

2. The ellipsoidal dust shells

Kimura and Liu (1977) showed that the dust shells, which are
spherical at the ejection (when we neglect the anisotropies of dust
emission from the inner coma), become ellipsoidal in shape during
their orbital motion. We consider the equation of the dust shell
surface as follows:

P, &=+ b2 +a* > —a’b* =0 ™)
a=(ty—1t) kv(t,1—p)

where (1, £, {) is a coordinate system in the orbital plane, such that
{ is perpendicular to the orbital plane, ¢ is the prolonged radius

b=ka,

vector and # is in the half plane opposite to the comet velocity
vector. A dust shell is ejected at the time # from the inner coma with
the radial velocity v (¢, 1 — p). ¢, is the observation time. 1 — uis the
ratio between the solar radiation pressure force and the solar
gravitational force. k and x are time-dependent quantities.

In Fig.1 plots of the dust shells computed following the
rigorous Kimura-Liu approach (Kimura, 1987), the Finson-
Probstein spherical approximation and that given by (1) are
shown. The Finson-Probstein functional shows that the surface
light intensity scattered by the dust tail does not strictly depend on
the shape of the sky-projected shells. It is important to obtain
shape differences smaller than the size of the cells used to sample
the tail images, and areas of the projected shells as close as possible
to the correct ones. These conditions are sufficiently satisfied by
considering k = sin Av/4v and k = 1 4+ Av/2n, where Av is the true
anomaly interval between the observation and the ejection times.
The plots in Fig. 1 show that the shapes given by the proposed
approximation are very close to the correct ones for an Earth
latitude on the comet orbit plane 4 = 0. For A = n/2 relevant errors
in shape happen for the oldest shells, but the projected areas are
always better approximated by the ellipsoids (1) than by the
spherical shells.
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Fig. 1. Plot of the dust shells following the rigorous Kimura-Liu approach (Kimura, 1987; continuous ellipses), the Finson-Probstein spherical approximation
(dotted circles) and the approximation (1) (dashed circles and ellipses) for the Earth cometocentric latitude on the comet orbit plane 4 = n/2 (upper part) and A=0
(lower part) at the observation anomaly of 8626, corresponding to Apr. 25.9, 1957 UT. The dust is characterized by 1 — = 0.1, and by the ejection anomaly and
velocity (km s ~!) shown in the figure. The dashed and dotted lines are the orbit plane coordinate axes. The thin line is the syndyne 1 — = 0.1. The long dashed line is

the Neck-Line
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Following Finson and Probstein (1968a), we consider the
contribution to the surface light intensity dD (M, N,) at the point
(M,, N,) given by the dust shells placed on a syndyne:

Nf(l-p) d(1—p) 5 ods
ds/dt JAxVee )
ds/dt = {[0Mcy (1,1 — 15 10)/01]* + [0Nem (1,1 — p; 10) /0112312,

dD(Mo,No)=

where (L, M, N) is a coordinate system in the sky plane, such that
L is the line-of-sight direction, M is the projected prolonged radius
vector and N is in the half plane opposite to the projected comet
velocity vector. Moy (1, 1 — p; 1) and Ney (¢, 1 — u; ¢,) are the
parametric equations of the syndyne, s is a variable length on the
syndyne. N is the dust production rate. (1 — ) is the modified
dust size distribution. g is the surface density (number per surface
unit) of dust on the shell. A4 x V¢ is the scalar product computed
on the surface between the line-of-sight versor A4 and the
normalized gradient V¢ of the dust shell surface.

According to the hypothesis of isotropic dust ejection from the
inner coma, accepted by Finson and Probstein (1968a), Kimura
and Liu (1977), and Liu and Kimura (1983), the surface density on
a spherical shell is g, = 1/4ra?. Since the ellipsoid (1) is given by
the collapse of a spherical shell, the surface density g, on the
ellipsoid is given by the number conservation:

2nrdrog V1+(dl/dr)? =2nrdro, 1+ (L, /dr)?, 3)

where r = /> + &2 and {, and {, are given by the sphere and the
ellipsoid equations, respectively. When we project the ellipsoidal
surface (1) onto the sky plane, we obtain an ellipse of semiaxes a

and 1/a*sin’A+b?cos’A. We consider a new sky plane coor-
dinate system (x, y, z), where x = L, and y and z are the direction of
the major and minor axes of the projected ellipsoid, respectively.
The argument of the integral in (2) must be computed at the two
intersections between the surface (1) and the line-of-sight. It
follows:

AxVdlo=2n V(a*—y*) (b*cos? L +a*sin? ) — a*z2. 4
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According to the hypersonic approximation introduced by
Finson and Probstein (1968a), the integration of (2) must be
computed for z(y)=ytany + z,, ds=dysecy, where v is the
angle between the major axis of the projected ellipsoid and the
syndyne, z, depends on the coordinates (M,, N,) of the point
considered in (2), and the integration limits s, , are given by the
intersection between z(») and the boundaries of the projected
ellipsoid. It follows:

Nf(l—pwd(1—p) .
2ds/dt |/ a* — (a* — b*) cos? A cos?y

dD(MOaN0)= (5)

If we take into account the half width of the envelope
of the projected ellipsoids along the syndyne, i.e. the half width
of the syndynamic tube (Kimura and Liu, 1977), we would
also obtain the square root in the expression (5). Therefore, in
order to correct the Finson-Probstein method and to consider the
distortion of the spherical shells into ellipsoids (or flat ellipses,
for Av=m), it is sufficient to multiply (to—?)v(t,1—px) by
x /1 — (1 —k?*) cos?Jcosy in all their expressions. It is evident
that the Neck-Line (Kimura and Liu, 1977) appears when the
square root goes to zero. It is not sufficient to do this that only
k—0and A—0, but also y — 0 (however, when A =0, it is always
v =0).

In the following applications we consider the (1 — p)-de-
pendence of v(z, 1 — u) given by a power law with exponent 1/6.
The power law is an approximation (Kimura and Liu, 1977; Fulle,
1987a) of the Probstein’s functional (Probstein, 1968) which
relates the velocity of the dust grain to its size. The exponent value
was deduced by the photometric analysis of the Neck-Line
Structure of Comet Bennett 197011 (Pansecchi et al., 1987; Fulle
and Sedmak, 1986) and was adopted in previous applications of
the inverse Finson-Probstein method (Fulle, 1987a). The time-
dependence of the dust ejection velocity from the inner coma was
found by the trial-and-error procedure. About 50 test functions
were considered for the analysis of the comet tails (Fig. 2). The
other solutions were obtained by the inversion of the linearized
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Fig. 2a and b. Time-dependence of the k-weighted velocity functions of ejection of the dust which were tested for a Comet Seki-Lines 1962111 and b Comet Arend-

Roland 1957111 v is the orbital true anomaly, v =0 at the perihelion
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Finson-Probstein functional (synchronic approach), and were
constrained by regularizing equations (in the least square fit sense)
to be inversely proportional to the square of the Sun-Comet
distance.

3. The dust of Comet Arend-Roland 1957111

The results for C/195711I are shown in Figs. 3—5. The measured
and computed isophote fields are shown for all the images (Fig. 3,
Ceplecha, 1958) which were already utilized by Finson and
Probstein (1986b) and Liu and Kimura (1983). However only the
images a and bin Fig. 3 give sufficient information about the dust
in the antitail. Therefore we used as input data only these two
images, otherwise the weight given to the dust in the antitail would
have been smaller (data from two images) than the weight given to
the other dust (data from four images). However, in order to know
if the solutions obtained from the images a and b really
characterize the dust of C/19571II, we reconstructed also the
isophote fields which were not previously used as input data. It is
evident that the fit quality for images ¢ and d is lower than for
images a and b, but it is surely higher than for the previous
analyses of this tail. This shows the consistence of the theory of
dust tails, which can give predictions with a good degree of
accuracy. During the time covered by these observations, the
cometocentric latitude 4 was very low, but the y angle was very
near to zero (for the synchrone characterized by Av =) only at

the first observation. Therefore the Neck-Line is detectable as a
short and wide sunward spike in the first image only.

The sampling parameters used in the application are shown in
Table 1. The time-dependent size distribution is shown in Fig. 4,
the dust number and mass production ratesin Fig. 5a and the dust
ejection velocity in Fig. 5b (at 1 —u=1). The dust velocity is
shown for two values of «: the differences give an estimate of the
error introduced by our approximations. The quantity x affects
the dust velocity but not the loss rates and the size distribution:
this is easily understood if we consider the product kv (z, 1 — u) in
(1) as a weighted velocity. The solutions are very close to the
preliminary ones obtained by Fulle (1987a) for the same comet
and the same times in which the spherical shell approximation is
still valid. In particular, the prominent outburst of the dust
number production rate, the much lower range of variation of the
dust mass production rate and the composition of the outburst of
small particles are here confirmed.

Finson and Probstein (1968b) analysed the same dust tail.
They detected the same outburst (about a week before the
perihelion), but considered it as composed by large grains. Lin and
Kimura (1983) neglected completely the outburst, since they
assumed that the dust production rate and the dust ejection
velocity depend only on the Sun-Comet distance. However they
introduced a bimodal size distribution in order to account for the
antitail. It is very interesting that our “automatic” solutions give
for the antitail dust exactly a bimodal distribution, with the first
maximum in the position indicated by them (the second and main

Fig. 3a—-d. Computed (solid lines) and measured (dashed lines) isophotes for Comet Arend-Roland (Ceplecha, 1958) a April 27.8; b April 29.9; ¢ May 1.9; d May 2.9

1957 UT. The cross marks the Comet nucleus position
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Fig. 4. Time-dependent size distribution for Comet Arend-Roland. The time is indicated in days, : =0 at the perihelion

maximum is outside of the observed size range). At that time the
dust production rate is effectively proportional to r~2 (in Fig. 5a
the N(z), M(t), and r~2 curves are about parallel among them).
This fact shows that, when the Liu and Kimura hypotheses are
satisfied, the two methods give the same solutions. However it is
evident that the size distribution was bimodal only at the early
times. This is well resumed by the time-averaged size distribution
(Fig.12) which is not bimodal, whereas it shows clearly the
secondary bulge at 1 — 2 0.5 due to the dust outburst. In other
words, the feature introduced by the dust outburst is much more
important than the feature introduced by the antitail dust. It
should be pointed out the dust ejection velocity of the antitail dust
is quite far from zero. This shows that the hypothesis of zero
velocity release of dust considered in the method of analysis of
perspective antitail developed by Sekanina (1974a) is not satisfied
in the case of Comet Arend-Roland.

Fulle (1987b) showed that the dust grains injected into
bounded orbits are characterized by a parameter 1 — x and an
ejection direction ¢ (where ¢ corotates with the comet true
anomaly and ¢ =0 in the subsolar point) which must satisfy the
following non-dimensional inequalities:

2/A= 11— — (1 —@)'P -1 —p)+£>0 (6)
sin (@—y)>{(1—w+x(1-wW"P =2 YA-E U —whe},

where /2 — y is the direction of the comet nucleus velocity vector,
x=rv2(1)2GM, ¢ = (1 —e)r/2q, G is the gravitational constant,
M is the solar mass, r is the Sun-Comet distance at the ejection and
g and e are the perihelion distance and the eccentricity of the
parent comet. To compute the mass rate m(t) of meteoroids
injected into bounded orbits, we obtained the size distribution
g(d, t) (shown in Fig. 6) from f(1 — u, t) by assuming a dust bulk
density of 1 gcm ™3 (Newburn and Spinrad, 1985) and fitted it by
two theoretic size distributions. The first one is the Jambor’s
(1973) distribution characterized by the parameters ¢ and d,
(Fig. 5d):

exp [— (In28)/26?]

= — N 7
£ V2r o d,exp(6?/2) @
()M (1) = T 33exp[— (In?6)/26%] 4 (5) ds. ®

b V27 gexp(8a?)

where § =d/d,,, 0, =d,/d,, and d, is related to the maximum
value (1 —pu), which satisfies inequality (6). 4(5) is the ratio
between the dust shell area characterized by angles ¢ which satisfy
inequality (6) and the area of the whole shell. Following Fulle
(1987b), we consider two extreme cases of dust ejection, the first
being an isotropic emission, the second an emission confined to
the sunward hemisphere of the comet nucleus only. The second
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Fig. 5. a Dust number (N(z), solid line) and mass (M (z), dotted line) production rates for Comet Arend-Roland. The regularizing constraint (=2, dashed line) is
expressed in perihelion distance unity. b Dust ejection velocity (continuous solid line for k =1 + 4v/2x, thin line for ¥ = 1) and minimum size of grains injected into
bounded orbits (dotted line for « = 1, dashed line for x =1 + Av/2x, dust bulk density assumed ~1gcm~?). ¢ Dust number N(¢) and mass M (¢) production rates
computed from the Jambor’s size distribution. The dust mass rate injected into bounded orbits is #2(z) (solid line, isotropic emission from the nucleus surface, dotted
line, completely anisotropic emission; k = 1 + 4v/2x). d Parameters of the Jambor’s size distribution (dispersion g, solid line; most probable size dn, dashed line;
symbols refer to Fig. 6). e The same computations as in ¢ for the Hanner’s distribution. f Parameters of the Hanner’s distribution (symbols refer to Fig. 6). The time ¢

is expressed in days, the true anomaly v in degrees, t=v=0 at the perihelion

theoretic distribution is the Hanner’s (1983) distribution char-
acterized by the parameters M and N (Fig. 5f):

_ . @=pMyY
e = I BN - LM’ ©)

A =—)My¥ S Ay)

MO = | G 4 10)

where y =d,/d, v, = d,/d,, d, 0.1 pm and B(x, y) is the Euler’s
integral of the first kind. The results are shown in Fig. 5 (the
minimum size d, of the meteoroids in Fig. 5b, the dust mass rate
injected into bounded orbits in Fig. 5¢ and e).

We also computed the dust number and mass production rate
according to the theoretic size distributions (Fig. 5¢ and e) to
verify the extrapolations of the theoretic expressions out of the
observed size ranges. The results for the dust production rate given

by the Jambor’s distribution (Fig. 5c) are very close to those
obtained directly by the solutions (Fig. 5a). On the contrary, the
Hanner’s distribution gives a dust mass rate close to those shown
in Fig. 5a and c only for 1> —40 days. Therefore, this second
distribution can be considered only during this time interval.
Outside the fitting cannot be considered satisfactory.

The mass rates of meteoroids injected into the zodiacal cloud
shown in Fig. 5¢ and e are well correlated. Both such mass rates
have a drop during the outburst, which is characterized by a
prevalence of small grains over the large ones. However they differ
of a factor ~102. This is due to the very large errors introduced by
the extrapolations. The largest size observed (d~5 10 3cm,
Fig. 6) is smaller than the smallest size of the meteoroids
(d~ 510~ 2cm, Fig. 5b). Since the theoretic distributions con-
sidered here concern the extreme cases of a prevalence of large and
small grains, respectively, more realistic size distributions should
give results between those shown in Fig. 5¢ and e.
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Fig. 6. Best fitting between the observed and the theoretic size distribution for
Comet Arend-Roland in function of the diameter d (dust bulk density assumed
~1gcm™?). Arbitrary normalization. Symbols refer to Fig. 5

4. The dust of Comet Seki-Lines 1962111

We consider the observation which was already analysed by
Jambor (1973), who interpreted the split tail of this comet as due to
the lack of synchrones near the perihelion, which was caused by
the vaporization of the dust released at about 7 solar radii
(g =0.03 AU). However, Sekanina (1974b) pointed out that this
explanation is unacceptable, since it would require the vapori-
zation of all the dust released before the perihelion. He gave also
another explanation of the dust production rate, which showed a
prominent minimum at the perihelion (we will see later that this
solution is very far from the most probable one).

Since dust sublimation is very probable at these Sun-Comet
distances, we have to take into account this phenomenon, already
treated by Huebner (1970) and Saito et al. (1981). We are
interested in qualitative indications, therefore we do not follow

287

Mie computations and adopt a size-independent albedo and
emissivity, because we consider large particles (sub-millimetric)
and relatively high temperatures (500—-1500 K).

Let us take into account the energy balance equation:

(A1 —A)E,J(16nr?) =e0 T*+ Z, Lo/ M, (1)

where A is the albedo of the dust grain, E; is the mean total solar
radiation, r is the Sun-grain distance, ¢ is the emissivity, ¢ is the
Stephan-Boltzmann constant, T'the temperature, Z, the dust mass
sublimation rate (g5~ cm™?), L, is the latent heat of sublimation
per mole and .# is the molecular weight of the substance. Since we
consider a dust tail composed of very large particles, we can
assume the Sun-grain distance equal to the Sun-Comet distance.
Z, is given by:

Z,=2n(MET? N~ 2h™3 exp (= Lo/ N kT), 12)

where k and 4 are the Boltzmann and Plank constants, and A" is
the Avogadro number (Reif, 1965). We consider the reduction 4d
of the initial diameter d, of the dust grain between the time of
ejection (at the anomaly v,) and the time of observation (at the
anomaly vy):

8mcu,
A =0-155 F1+a
where c¢ is the light velocity, v, is the comet velocity at the
periheiion, Q,, depends on the chemical composition of the dust
(Burns et al., 1979) and e is the orbital eccentricity of the comet.
The results (Fig. 7), computed for substances of cometary interest
(data in Table 2), show that graphite, oxides and silicates are
unaffected by the sublimation. On the contrary, only metals
ejected after the perihelion survive. The Eq. (11) must be
considered for the temperatures lower than the melting point,
otherwise the dust grain is immediately lost.
A slow size reduction would introduce severe complications in
the mechanics of the orbital motion of dust grains (Sekanina,

Yo

r2Z,dv, 13)

T CK) 1500 1600 1500 1300 900 500
1 T | B T
-3 -1
(1-p=107)
. (1-p=10?
104
Al
$i0,, Ca0, MgO - 10¢
Ad/d,
4 Add,
108
- 10%8
C -
L—_\L 1 1 1
t -0.1 0.0 +0.1 +0.2 +0.5 +1 +5 (days)

Fig. 7. The diameter do of a dust grain released by the nucleus of Comet Seki-
Lines at the time ¢ is reduced of 4d at the observation time. The melting point is
marked by a circle. T is the dust grain equilibrium temperature (for 4=0 and
e=1). The time ¢ is expressed in days, =0 at the perihelion
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Table 2. Sublimation parameters for cometary substances. .#:
molecular weight. L,: latent heat of sublimation (kJ/mole). T';:
melting point (K). Sources: AIPH: Amer. Inst. Phys. Handbook
(1972); TOH: Samsonov (1973); VPE: Nesmeyanov (1963)

Substance M L, T, Source
C(graphite) 12 717 3700 AIPH
Si 28 378 1410 VPE
Al 27 312 930 VPE
MgO 40 567 3070 TOH
Si0, 60 565 1990 TOH
CaO 56 574 2860 TOH
Fe 56 436 1750 VPE
Ni . 59 418 1670 VPE

Fig. 8. Computed (solid lines) and measured (dashed lines) isophotes for Comet
Seki-Lines (Jambor, 1973). The cross marks the Comet nucleus position

1974b). On the contrary, from Fig.7 we deduce the time of
transition between a negligible size diminution and a complete
sublimation is extremely short. We can consider this phenomenon
as instantaneous, being shorter than the time sampling adopted
for our time-dependent solutions. Therefore we can neglect the
perturbations to the dust motion in space introduced by the
sublimation.

The observed and reconstructed isophote fields are shown in
Fig. 8. The solutions are shown in Fig. 9 (the time-dependent size
distribution), in Fig. 10a (the dust number and mass production
rate) and in Fig. 10b (the dust ejection velocity at 1 — u =1 for two
values of ). It is very interesting that the split tail is well
interpreted by a dust production rate without minima. Before the
perihelion, both the number and mass production rates have an
inversely square dependence on the Sun-Comet distance. After the
perihelion the number of small particles increases, whereas the
mass production rate decreases. This can be explained, as for
C/1957111, by a fragmentation process of large particles produced
at a rate ~r 2, and/or by the interruption of non-steady
condensation and accretion processes of small particles
(Shul’'man, 1972).

However, the behaviour of the size distribution could also be
explained in term of dust sublimation. The significant change
happens 0.1 = 0.2 days after the perihelion, when the small dust
population appears. This time is strongly near to the earliest times
of surviving of metal particles (Fig. 7). This leads us to conclude
the small particles are composed of metals, whereas the large ones
of refractory materials, as silicates or graphite.

In order to obtain the mass rate injected into bounded orbits,
we followed the procedure reported in the previous section. The
size interval which is relevant in order to compute the mass of
meteoroids injected into the zodiacal cloud (0.07 <d < 0.5cm) is
sufficiently covered by observation. Therefore no extrapolation is
necessary, but only interpolation. The results are not affected by
the specific expression of the interpolating distribution, so we
consider only the Jambor’s one. The strong correlation between
the dust number and mass production rates given by the observed
size distribution (Fig. 10a) and those given by the theoretic one
(Fig. 10c) confirms these considerations. The mass production
rate of meteoroids reaches the 10 9, of the whole perihelion mass
production rate for half a day before the perihelion.

5. Conclusions

The results of this paper about Comet Arend-Roland 1957111 and
Comet Seki-Lines 1962111 can be resumed as follows.

The dust mass production rate shows a Sun-Comet distance
dependence very close to r ~ 2. This conclusion strongly agrees with
the infrared measurements of the mass production rate by comet
nuclei (Ney, 1982), which give results weakly dependent on the size
distribution (on the contrary of the photometrical methods). As it
has been already found for Comet Bennett 197011 (Fulle, 1987a),
only the dust number production rate is affected by outbursts.

The dust number production rate shows a random behaviour.
This is due to the time-dependence of the size distribution, which
can be interpreted in several ways. Outbursts could be due to
fragmentation of large dust produced with the regular rate of the
mass production rate. This phenomenon could be substituted by
the interruption of fluid accretion processes (Shul’man, 1972) of
small dust produced at the regular rate. The sublimation could
contribute to the disappearance of small grains for very small Sun-
Comet distances. Obviously, it could be the case that all these
phenomena take place simultaneously. The split tails of comets
are not due to the missed synchrone phenomenon (hardly
explicable from the theoretic point of view), but the most probable
cause of them is simply the variation in time of the size
distribution.

The time-averaged size distribution of C/1957III is very
different from that of C/1962III (Fig. 12), but both the distri-
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expressed in perihelion distance unity. b Dust ejection velocity (continuous solid line for x = 1 4+ 4v/2, thin line for x = 1) and minimum size of grains injected into
bounded orbits (dotted line for x = 1, dashed line for x = 1 + 4v/2, dust bulk density assumed ~1 gcm™3). ¢ Dust number N(¢) and mass M () production rates
computed from the Jambor’s size distribution. The dust mass rate injected into bounded orbits is 71 (¢) (solid line, isotropic emission from the nucleus surface, dotted
line, completely anisotropic emission; k =1 + Av/27). d Parameters of the Jambor’s size distribution (dispersion o, solid line; most probable size dn, dashed line);
symbols refer to Fig. 11. The time ¢ is expressed in days, the true anomaly v in degrees, t=v =0 at the perihelion
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Fig. 11. Best fitting between the observed and the theoretic size distribution for
Comet Seki-Lines in function of the diameter d (dust bulk density assumed
~1gcm™?). Arbitrary normalization. Symbols refer to Fig. 10

butions show a secondary bulge due to the outbursted small sized
population. Since Fig. 12 is plotted in a log-log plane, we can
directly obtain the logarithmic slopes of the distribution g (d). If s
is the slope of the curves in Fig. 12, the logarithmic slope w of g (d)
will be w= —(4+3).

Even if C/19571II and C/196211I are hyperbolic comets, they
~ injected into the Solar System a significant amount of dust. In
order to compute the total mass injected into bounded orbits, we
have to know the value of mass production rate at the perihelion
M,. For C/19571I1 Finson and Probstein (1968b) obtained
Mq ~108g s~ ! No direct measurement of the value Mq of
C/1962111 is available. Extrapolating the results of Ney (1982) for
Comet Kohoutek 1973XII (Comet Seki-Lines was intrinsically
brighter than this comet), we consider here M, ~10°gs™".

Comet Arend-Roland injected into the zodiacal cloud mete-
oroids larger than 0.5 mm (for an assumed dust bulk density of
~1gcm~3, Fig. 5b). When we integrate over time the function
m(t) in Fig. Sc and e, we obtain the value of the total mass, which
depends on the assumed model of the size distribution and dust
emission from the inner coma. The Jambor’s distribution and an
anisotropic emission give the lowest value of ~3 10! g, whereas
the Hanner’s distribution and an isotropic emission give the
largest value of ~5 10'3g.

For Comet Seki-Lines, the uncertainties are much smaller and
they are due only to the assumption of isotropic emission or not,
since no extrapolation error is introduced by the theoretic size
distribution assumed. Only meteoroids larger than 0.7mm
(Fig. 10b) were injected into the zodiacal cloud. Their total mass is
~3 10'2g for anisotropic dust emissions and ~5 10'%2g for
isotropic ones.

These values are larger than those produced by the dustiest
short-period comets over the whole orbit (Newburn and Spinrad,
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Fig. 12. Normalized time-averaged size distribution for Comet Arend-Roland
(solid line) and for Comet Seki-Lines (dashed line)

1985), but they are smaller than the one produced by Comet
Bennett 1970I1. The analysis of other quasi-parabolic dusty
comets would answer the question if this is due to the hyperbolic
orbit of these comets, or to the peculiarity of the large size dust
excess of Comet Bennett.
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