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Introduction:  Interplanetary dust particles (IDPs) 

as well as meteoroids are known to originate from 
asteroids and comets. Laboratory measurements of 
IDPs collected in the Earth’s stratosphere yields a 
particle density spanning the range 0.7–2.2 g/cm3 [1]. 
These results are consistent with findings of the Star-
dust space mission in Comet 81P/Wild 2. An analysis 
of the microcraters in the aluminum foil covering the 
Stardust sample collector shows that the material den-
sity of cometary dust particles is in the range 0.3–3 
g/cm3 [e.g., 2]. However, both approaches provide 
only limited data on the density of constituent material 
in IDPs. In the former case, the limitation is caused by 
difficulties in collecting samples in the stratosphere 
and carrying out laboratory measurements of micron-
sized particles; whereas, in the latter case, the samples 
have been partially disrupted (no grains larger than 
500 nm found) and the data are limited to a single 
comet studied during a short period of time. 

However, a rigorous analysis of the ground-based 
observations of IDPs and larger meteoroids entering 
the Earth’s atmosphere could significantly improve 
the present understanding of their material density.  

Technique: During the atmospheric entry, par-
ticles are being heated through a friction with air. 
This causes thermal emission, which can often be ob-
served in the visible spectral range. Therefore, one can 
accurately determine the particle’s position, velocity, 
deceleration, and ablation rate along its trajectory [3]. 
The deceleration rate can be unambiguously related 
with the IDP material. In order to determine the bulk 
density of the smallest meteoroids, such as IDPs, one 
needs to combine the photometric observations provid-
ing the initial pre-entry mass, and the theoretical 
analysis of the dynamical characteristics that yield the 
material density in the target particles. It is important 
to emphasize that we consider different models of par-
ticle shape. Furthermore, we take into account the 
change in the projectile shape during the ablation of  
its material.  

Empirical restrictions and results obtained: The 
approach has been applied to the MORP data [4] as 
well as to the data available from the US Prairie Net-

work [5]. Then, the estimated bulk density has been 
compared with laboratory measurements and empiri-
cally predicted values for extraterrestrial materials. 
Due to the inhomogeneous morphology of most of the 
cosmic targets, the physical properties of meteorites 
studied on centimeter and millimeter scales do not 
necessarily represent the properties of the parent bo-
dies [6]. This may result in a certain discrepancy in 
the density of asteroids and meteoroids derived with 
the present technique. Therefore, we summarize the 
typical density range separately for different size cate-
gories of bodies: (1) cm- to dm-sized objects with sizes 
similar to meteorites; and (2) larger targets which are 
closer to asteroids and cometary nuclei.  

The modeled density range combined with empiri-
cal constraints reveals bulk densities of some meteoro-
id particles to be within the range from porous, vola-
tile-rich material to material corresponding to stony 
meteorites. Note that, in some cases, the value of bulk 
density slightly exceeds that appearing in empirical 
constraints. This could imply that there are meteoroids 
which are more enriched in metals. However, the den-
sity remains smaller than that for pure metallic mete-
oroids. A few meteoroids have densities less than 1.9 
g/cm3, indicating porous structure.  

Conclusions:  The calculated bulk density window 
combined with the empirical restrictions leads to a 
tighter final meteoroid bulk density range revealing its 
composition. Subsequently, based on the calculated 
realistic bulk density range, we can also obtain restric-
tions for the photometric mass to reduce its error bar. 
The approach can be applied to improve the value of 
the luminous efficiency coefficient as well as in other 
relevant studies. 
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