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ABSTRACT 

From bank transactions to missile launches, our current world relies heavily on the use of global navigation 
satellite systems (GNSS). However, satellites in this orbital regime are subject to destabilizing resonances from the 
Sun and Moon which cause chaotic behavior in the long-term evolution of orbits in this region. This long-term 
behavior poses a risk to maintaining the orbital environment for years to come. Retired satellites and debris can 
collide with functioning satellites in future decades if we do not take the steps now in understanding the long-term 
dynamics of orbital debris in medium Earth orbit (MEO). This paper will seek to study the evolution of orbits in 
MEO in both the satellites that are currently in it, namely heavy GNSS satellites, and the potential orbital debris that 
may inhabit the region, including high area to mass ratio (HAMR) objects.  

To characterize the evolution of orbital debris, we will utilize numerical solutions that use doubly averaged 
dynamics. While precise integrations of the full equations of motion are necessary for specific predictions, they 
require significant computing power which limits our ability to analyze this regime. The use of averaging techniques 
can significantly speed up the integration times, allowing us to describe the general trends of a larger phase space.  

To appropriately study debris objects at high altitudes, the effect of solar radiation pressure (SRP) on these 
objects will also be considered, including HAMR objects. SRP is known to be a dominant effect on HAMR objects 
in geostationary orbit contributing to much of the debris in that region. This work will preemptively consider the 
effects due to SRP in the dynamics of HAMR objects that may inhabit MEO. As HAMR objects are thought to often 
be mylar sheets separated from older satellites, and may be present in this regime as existing satellites age.  

By studying the long-term dynamics of the MEO regime, we can better ensure the safe usage of GNSS for 
many years to come. Through studies utilizing averaged dynamics we can initially survey large spaces with low 
computational effort to inform future studies of the region. 
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