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An attempt has been made to derive heliocentric distribution of meteoric particles in
interplanetary space. Poynting-Robertson effect, collision process, and cometary dust injee-
tion have been included in this study. Three different radial distribution functions for different

sizes have been derived. The number density appears to depend on particle size,

A series of important experiments has been carried out to obtain some information
about the heliocentric distribution of cosmic dust particles which produce zodiacal light
(Alexander, 1962; Alexander et al,, 1965; Rhee et al., 1974; Humes et al., 1974). Recently
Southworth and Sekanina (1973) studied the distribution of meteoroids in tﬁe solar system from
the orbits of approximately 20, 000 radar meteors observed in 1969. They reached the sur-
prising new conclusion that the space density in ecliptic plane was minimum near 0.7 ~ 0.8 AU
and maximum in the asteroid belt, between 2 and 3AU. The zodiacal light data obtained by
Hanner et al., (1974) from Pioneer 10 drops off quite rapidly between 2,4 AU and 3.2 AU,
There appears to be no zodiacal light beyond 3.3AU. In the following we shall attempt to
derive heliocentric distribution functions on a number of simple and plausible physical

arguments,

(a) Poynting-Robertson Effect

It is a well-known fact that meteoric particles lose angular momentum in interplane-
tary space and spiral into the sun. If the Poynting-Robertson effect operates alone in inter-

planetary space, the particle number density N must satisfy

), - &), &), - 0

which has a solution of N~ r~! and r is the distance.

(b) Inter-Particle Collision Process

Southworth and Sekanina has shown that due to collisions N must satisfy

(), - ), G, - @

where A is a constant. The exact solution of Equation 2 is N ~ r~1-5,
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(c) Cometary Particle Injection

Since Poynting-Robertson effect and collision theory cannot explain the recent obser-
vational data from Pioneer 10, it is proposed that direct cometary injection will have to be

taken into account. This might be done as

dN dN\ /dt
(&), - ), &) ®
r/ dt/; \dr p-R
dN

where (d—t)l represents cometary particle injection rate. The dust emission rate from comets
is usually assumed to vary with r as r~® where o usually ranges from 0.5 to 5 (Sekanina, 1974).
It is not clear whether cometary brightness is directly related to particle injection rate or not.
Cometary brightness depends also on r as r# where B typically ranges from 2 to 6, It is quite
possible that most of dust emitted by comets does not remain in the solar system due to solar
radiation pressure. At any rate Equation 3 can be written as

dN
—_— = Gr P
(dr )i or ) )

where § and p are constants,

(d) Southworth-Sckanina Equation

dN d
Following Southworth and Sekanina (1973), we shall expand — in terms of (é—)
r

-R
as follows: P
3
dN Z (dN) (dt) N
— = —) = = - — + ANZ{/r - 1P (%)
dr — dt/; \dr p-R r \
Defining y = N-!, Equation 5 can be rewritten as
d
T - L= AV (6)
The following three approximate specific solutions of Equation 6 have beén derived
CaSe(a): p =0, y = Alr—A2r3/2+A3r4
N ~ 0.23 Q)]
N, r-087r3/2+0.1r*
Case (b): p=1, y = A4r—A5r3/2 +A6r3
N B 0.25 ()]
N, r-0.8r3/2 +0.05r3
Case (¢): p =2, y = Ayr-Agrtt+ A 2
N 0.58 (€))
N, r-0.45r/2 +0.03¢2
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where Ng is the number density at 1 AU and A; ... Ay are constants. These three cases represent

-1

cometary injection rates of r™*, 12, and 173, respectively. A cometary injection rate of r™* leads to an

unphysical situation and must be discarded under this approximation.

Case (a) has been fitted with Pioneer 8 and Pioneer 9 data (Rhee et al., 1974) and the
normalized number density is represented by Equation 7. Equation 7 is also shown in Figure
1. An examination of Figure 1 shows that for r < 0. 4AU, N~ r-! and for r > 2AU, N ~ r-4,
This simple model predicts that most of the interplanetary dust particles is concentrated within
1 AU in the solar system. The dust density appears to vary little between 0. 7AU and 1.1 AU,
The dust density at 2AU is 20% of that at 1 AU and at 3. 3AU it is only about 2% of that at 1 AU,

Case (b) is a very interesting model since it shows one minimum and one maximum.
This case has been fitted with the radar meteor data (Southworth and Sekanina, 1973) and the
result is shown as Equation 8 and in Figure 2. This model again demonstrates thatfor r < 0.3 AU,
N ~r~1 and for r > 3AU, N~ r-3, The space density is minimum near 0,8 AU and maximum

at 2.4 AU,

The last case has been compared with the Pioneer 10 penetration data and is shown

in Figure 3. Here again for small r, N~ r~!, Between 1AU and 3AU the number density
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Figure 1. Radial Distribution of Zodiacal Dust
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Figure 2. Space Density of Radar Meteors
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Figure 3. Spatial Concentration of Meteoroids of Mass
10-% ~ 10-10 g (normalized to that at 1 AU)
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decreases very slowly and then starts increasing at 3 AU, The spatial concentration at 3 AU
is about 62% of that at 1 AU and at 5AU it is only 80% of that at 1 AU, Thus this model pre-
dicts one minimum and no maximum in interplanetary space., It is to be noted that this model

cannot explain the kind of data gap observed from the Pioneer 10 penetration measurements.

For zodiacal dust particles the spatial concentration is maximum near the sun and
is essentially zero beyond 3.3 AU, The space density of larger particles such as radar meteors
shows a minimum near 0.8 AU and a maximum near 2.5AU, For medium size particles of
mass 10-!12kg and larger the number density has a minimum at 3 AU even though the spatial
variation between 1AU and 5AU is no more than 50% of that at 1AU. In all of these cases the

concentration is inversely proportional to the radial distance between 0.1 AU and 0.5 AU.
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