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CollisonsAsteroids and Comets born

Context: A Long Time Ago…

Asteroids and Comets collide, 
altering their mass, orbits, and 

composition

Leftovers from planetary formation 
accreting mass over time to form 

asteroids

Dust is Distributed

Model of IDP distribution in the 
Solar System [4]

IDP = Interplanetary Dust Particles



Context
Types of IDP’s / micrometeorites

Chondrites: Silicates, Metals, Carbonaceous

Hydrous Anhydrous

• More compact
• Larger density
• ¼ of asteroids in the main belt

• Porous
• Less dense
• Majority of asteroids

Table 1: Types of IDP’s [5], [6]



Context
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Model from Flynn 1989 [1]

• Cartesian coordinate system 
from an “outside” observer

• The impact parameter 
changes the impact angle

ᶲ



Study the effects of changing physical parameters by 
modeling atmospheric entry of impactors

Constrain the temperature profiles necessary for the chemical 
survival of impactors

Understand the role IDP’s played in delivering prebiotic 
molecules to the early Earth

Objectives



of interplanetary dust falls on Earth each year

5,200 tons

< 10 tons
of significantly sized meteorites reaches Earth’s surface

Why IDP’s ?



Methodology / Timeline

Simple atmospheric 
descent model

Generated 1D model

Modified code to 2D

Include mass ablation 

Temperature model and 
Energy Balance

Solving the heat 
equation in 1D 



Methodology: Calculating Temperature

Assumptions :

• Isothermal and homogeneous atmosphere

• Energy raising the temperature is negligible 

compared to the energy radiating away by 

thermal emission [1]



Results (2D)

Figure 1- Trajectories for different radius, time ran : 8000s Figure 2- Time vs Velocity (r=10 um, I=1000 km)

Earth



Results (1D Temperature)

Figure 3- Time vs Temperature for varying radii

v0=20 km/s v0=25 km/s v0=30 km/s



Results

Figure 4- Time vs Temperature for varying densities (r= 0.5 mm)



Results (2D Temperature)

Figure 5- Time vs Temperature for varying densities (r=50 um)



Conclusion
➢ Chondritic IDP’s of lower densities burn up faster, yet to a lower maximum 

temperature than the higher densities. ~4000 K (r= 0.5mm, v0=30 km/s) and 

~6000 K (r= 0.5mm,v0=30km/s) 

➢ Smaller radius & lower density → lower temperature peak → better chance at 

survival

➢ Impact parameter → larger impact angle (ϕ) → less “aggressive” descent

➢ From our calculations, a lower velocity yields less mass ablation, potentially 

deliver larger amounts of material.

➢ Which type of IDP is effectively carrying prebiotic molecules?

➢ Chemical abundance studies and collaborative work with other fields is needed



Future Work

Solve in 1D spherical coordinates
for bigger meteorites!

Run the code with combinations of 
parameter spaces and analyze these  
results

02

01

03

Heat Equation

Run more 
code

Paper!



References
[1]     Flynn, G. J., “Atmospheric Entry Heating of Micrometeorites,” 19th Lunar and Planetary Science

Conference, 1989. 
[2]    Zahnle, K. J., Lupu, R., Catling, D. C., and Wogan, N., “Creation and evolution of impact-generated reduced 

atmospheres of early Earth,” The Planetary Science Journal, vol. 1, May 2020.

[3] Flynn, G. J., “Physical properties of meteorites and interplanetary dust particles: Clues to the properties of the 
meteors and their parent bodies - discover space,” SpringerLink Available: 
https://link.springer.com/article/10.1007/s11038-005-9025-y

[4]    Dust and plasmadust and plasma,” The Outer Planets: Dust and Plasma Available: 
https://lasp.colorado.edu/outerplanets/spacejunk_dustplasma.php

[5]    Mackinnon, I. D. R., and Rietmeijer, F. J. M., Mineralogy of chondritic interplanetary dust particles - agu ...
Available: https://agupubs.onlinelibrary.wiley.com/doi/abs/10.1029/RG025i007p01527.

[6]   Flynn, G. J., Production of Cosmic Dust by Hydrous and Anhydrous Asteroids: Implications for the Production of
Interplanetary Dust Particles and Micrometeorites. Available: 
https://www.lpi.usra.edu/meetings/lpsc2009/pdf/1821.pdf

Acknowledgements
This research was supported by the National Radio Astronomy Observatory RADIAL program. 

Thank you to Dr. Zoe Todd for advising and supporting this project.

https://link.springer.com/article/10.1007/s11038-005-9025-y
https://lasp.colorado.edu/outerplanets/spacejunk_dustplasma.php
https://agupubs.onlinelibrary.wiley.com/doi/abs/10.1029/RG025i007p01527
https://www.lpi.usra.edu/meetings/lpsc2009/pdf/1821.pdf


Questions?
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