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Abstract

In the space industry, people often mention the “Tyranny of the Rocket Equation”. Usually attributed
to Russian scientist Konstantin Tsiolkovsky (others arrived independently to the same conclusions), this
equation dictates the basic principle of the rocket: a vehicle which must expel mass in order to reach orbital
velocity and escape gravity. Space exploration, however, is bounded by more than just this mathematical
dictum. Economic realities, regulatory frameworks, even the weather all govern how we access, utilize,
and analyze space. But another relationship is even more fundamental to the future of space. The physical
geography of Earth - the real and imagined lines on a map - impacts every aspect of space: from launch,
through in-space operations, to re-entry and return to the surface. One historical example is the Space
Shuttle Solid Rocket Boosters (SRBs), which were limited to the width of a railroad tunnel in the Rocky
Mountains - leading to the partially-true joke that they’re designed to the width of “two horses”. This
paper examines modern examples of the relationship between Earth and space, referred to here as the
“Tyranny of the Map”. From the operation of current and future launch sites, to the orbital locations
of commercial space stations, to the placement of ground stations and the approved locations for reentry
into the atmosphere, these physical limitations have real implications for those exploring, doing business,
or conducting operations in space. Through site visits (including at the world’s northernmost ground
station in Svalbard, Norway), interviews, and literature reviews, this paper provides a review of notable
historical and cultural examples, illustrates current scenarios limited by physical geography, discusses the
geopolitical, economic, and operational implications of these situations, and closes with a look to the
future. Further advances in space exploration, including returning humans to the moon and progressing
to Mars and eventually other planetary bodies, will carry an imprint of the Earth we leave from. This
research seeks to qualify and quantify that echo and provide recommendations for the space industry.
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