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Abs t rac t . The Pioneer 10/11 spacecraft , launched in 1972 and 1973, ca r r i ed three 
exper iments to m e a s u r e cosmic dust. A comparison of these f i rs t d i rec t m e a s u r e 
ments of dust in the outer solar system indicates that the s izes , optical p roper t i e s , 
and spatial distr ibution a r e m o r e complex than previously supposed. 

Three interplanetary dust de tec tors were ca r r i ed on P ioneers 10 

and 11: the Imaging Photopolar imeter (IPP) in the Sky Mapping Mode, the pene t r a 

tion detectors of the Meteoroid Detection Exper iment (MDE), and the Asteroid Me-

teoroid Detector (AMD). Table 1 summar i ze s for each ins t rument the measu red 

p a r a m e t e r s , the pa r t i c le size range, and var ious assumptions used to derive the 

p rope r t i e s and spatial distribution of the p a r t i c l e s . The question m a r k s added to 

the size range of the zodiacal light detectors a r e d iscussed l a t e r . In the analysis 

of the MDE and AMD data, it was neces sa ry to a s sume relat ive encounter veloci t ies . 

F r o m the penetrat ion data it was concluded that the pa r t i c l e s have c i rcu la r or nea r -

c i r cu la r orbi ta l ve loc i t ies . Fo r the AMD this was a s tar t ing assumption. 

The penetrat ion detec tors indicate a constant spatial concentration 

with hel iocentr ic dis tance, with no apparent indication of as te ro id belt passage 

(Humes, et a l . , 1975). Ear ly resu l t s from both the IPP (Hanner, et al . , 1974) and 

the AMD zodiacal light mode (Zook and Soberman, 1974) have shown that the zodia

cal light br ightness dec reases monotonically with increasing hel iocentr ic dis tance. 

The IPP resu l t s indicate that the zodiacal light initially dec rea se s faster than the 

inverse square of the hel iocentr ic dis tance, R, then m o r e rapidly in the as tero id 
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TABLE I 
COMPARISON OF PIONEER I0/II DUST EXPERIMENTS 

Particle 
Diameter Derived 

Experiment Measurement Range Assumptions Results 

MDE 
Penetration 
Detectors 

IPP 
Zodiacal Light 

Mode 

AMD 
Zodiacal Light 

Mode 

AMD 
Individual 
Particle Mode 

Penetration Rate 
of Stainless Steel 

25 urn 
50 wm 

Polarization & 
Brightness in 
2 Colors 

Brightness 

Peak Intensity 
Transit Time 

/^ I0 u.m 
~ 2 0 u m 

Micron 
and/or 
Sub-
micron ? 

Micron 
and/or 
Sub-
micron-? 

50 ym 
and 
Larger 

Distribution 
of Orbital 
Parameters 
for Relative 
Velocity 

Mie Theory 

Constant Size 
Distribution 

Mie Theory 

Constant Size 
Distribution 

Circular Orbit 
Encounter Vel. 

Average Transit 
Thru View Cone 

Diffuse Geometrical 
Reflection From 
Spherical Particles 

Spatial 
concentration 

Spatial 
distribution 

Size 
Shape 
Refractive 

index 

Spatial 
distribution 

Size 
distribution 

Spatial 
concentration 

Zodiacal light 
brightness 

belt, with no measurable contribution beyond 3.3 AO (Hanner et al.,1976). 

Based on the assumption that the scattering properties do not change 

significantly with hel iocentr ic distance, these resu l t s suggest that the spatial d i s -

tribution can be represen ted by a-power law, R (y w 1) or by a two-component 

model (y f» 1. 5) with increased dust in the as te ro id belt . 

The d iscre te par t ic le r esu l t s from the Pioneer 10 AMD (Soberman, 

et a l . , 1974) show an inc rease in the number of pa r t i c l e s out to the as tero id belt . 

There appear to be minima in the vicinity of both the E a r t h ' s and M a r s ' orbi ts which 

a r e m o r e pronounced for the l a rge r p a r t i c l e s . Beyond 3. 5 AU the event rate drops 

below ins t rumenta l l imi t s , the fall-off occurr ing f i rs t for the l a rge r p a r t i c l e s . The 

size distribution differs significantly from the 1 AU model for the l a rge r s izes and 

is of the type expected for an as te ro ida l population (Dohnanyi, 1969). Pa r t i c le s izes 
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were obtained by assuming a value of 0. 2 for the albedo in o rder to extrapolate to 

the penetrat ion detector r e su l t s . 

F igure 1 shows the relat ive change in zodiacal light br ightness with 

hel iocentr ic distance as measured 

by the IPP and as derived from the 

AMD discre te par t ic le mode. Al 

though the relat ive br ightnesses are 

in sat isfactory agreement , the ab

solute br ightness derived from the 

AMD resul t s is m o r e than an order 

of magnitude too la rge by compar i 

son with the photometr ic resu l t s 

from the same ins t rument and from 

the I P P . For example, the AMD 

gives a gegenschein brightness at 

1 AU of approximately 2500 S (V)'". 

This difference is believed to a r i se 

from the fact that the AMD m e a s u r e s 

peak ra the r than average values for 

par t i c le br ightness when operating 

in the d i sc re te par t ic le mode, and 

that the pa r t i c l e s contain many r e 

flecting surfaces that give off bright glints of light as the pa r t i c l e s rotate (such as 

observed from sunlit pa r t i c l e s in the vicinity of Ear th-orb i t ing vehicles) . Because 

of this glint effect, the planned orbi tal m e a s u r e m e n t s could not be made with the 

AMD, and it was n e c e s s a r y to a s sume par t ic le velocit ies relat ive to the instrument 

to derive s izes and hel iocentr ic va r ia t ions . 

The resu l t s from the three dust exper iments on P ioneers 10 and 11 

seem to be completely discordant . The zodiacal light resu l t s indicate that the con

centrat ion of dust dec rea se s initially at leas t as fast as the inverse hel iocentr ic d i s 

tance and then m o r e rapidly while pass ing through the as te ro id belt . The pene t ra 

tion de tec tors indicate a uniform spatial concentration with the exception of the gap 

regions (Humes, et a l . , 1975). The d i sc re te pa r t i c le r esu l t s of the AMD indicate a 

varying concentrat ion going outward, peaking in the as te ro id belt and then dropping 

off to a negligible value at approximately 3. 5 AU. The s imples t explanation for this 

•Equivalent number of tenth magnitude (V) s t a r s of solar spec t ra l type.per square 
degree . 

1.0 1.5 2.0 2.5 3.0 3.5 

Heliocentric Distance (AU) 
Figure 1. Variation of Zodiacal Light Brightness With 

Heliocentric Distance 
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divergence would be that the three sensors were measur ing in three different size 

domains as was indicated in Table 1. This simple explanation cannot be ruled out, 

although it is not likely that the two ex t reme s izes a r e s imi lar in concentration but 

different from the concentration of the in termediate s i zes . 

A further question is whether mic ron or submicron pa r t i c l e s con

tribute appreciably to the zodiacal light. If the concentration of 10 and 20 micron 

par t ic les measu red by the penetrat ion detec tors does not change with hel iocentr ic 

distance, then these pa r t i c l e s probably do not contribute significantly to the zodia

cal light. Comparing the cross-sec t ions (assuming that the albedo is not a strong 

function of size), the concentration of one micron pa r t i c l e s would have to be two o rde r s 

of magnitude higher than the concentration derived from the penetrat ion detector 

resu l t s to yield even an equal br ightness contribution. Such a concentration of one 

micron par t i c les is not consis tent with the r e su l t s from P ionee r s 8 and 9 (Berg and 

Grun, 1 9 7 3 ) , MTS ( A l v a r e z , 1 9 7 6 ) , HEOS 2 (Hoffmann e t a l . , 1 9 7 5 ) , 

and the Lunar Cra ter ing Resul ts (Neukum, 1974). The situation becomes worse if 

one re l ies on submicron p a r t i c l e s . If we a re to believe that the zodiacal light is 

produced p r imar i ly by large pa r t i c l e s ( radius > 50 microns) additional theore t ica l 

calculations and laboratory m e a s u r e m e n t s a re requi red to demonst ra te that these 

par t ic les can produce the observed distr ibution of polar izat ion with elongation, in

cluding polarization r e v e r s a l . 

The zodiacal light and individual par t ic le br ightness resu l t s from 

Pioneer 10 suggest the p resence of a dust component in the as tero id belt and a neg

ligible concentration beyond. The penetrat ion resu l t s show a near ly uniform con

centration with no measurab le contribution from the as tero id belt and no measurab le 

decrease in concentration beyond. These resu l t s suggest different sources for the 

par t ic les responsible for the penetrat ions and those which give r i s e to the individual 

and aggregate br ightness m e a s u r e m e n t s . To explain these differences, additional 

studies of the sources and sinks for the interplanetary dust beyond 1 AU appear 

warranted. 
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