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How do we weigh the Earth?

• Count up how much stuff there is

• Dig a very deep hole?

Rakot13Stepanovas Alexander

Kola Superdeep Borehole

Only 12 km deep…
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• Use a weighing scale?

NASA
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Donini et al. 2019

• Count up how much stuff there is


• Through its gravitational acceleration on an object

Direct measurement agrees with gravitational measurement
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The difference is due to dark matter!
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• Count up how much stuff there is


• Through its gravitational acceleration on another object


• e.g. on the stars and gas in the object

Masses match for globular clusters Masses do not match for galaxies
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Dickey & Lockman 1990

Gas

ESA/Gaia/DPAC

Stars

12 billion solar masses 54 billion solar masses
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• Count up all the gas and stars


• Through its gravitational acceleration on another object

Image alone is not enough, need acceleration
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Credit: V. Belokurov and the Sloan Digital Sky Survey.
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• Count up all the gas and stars

• 66 billion solar masses

• Through its gravitational acceleration on another object

• 940 billion solar masses

• So 7% of the mass in the Milky Way is in stars and cool 
gas
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• Use a weighing scale

Use gravity!
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• Count how much stuff there is

• Through its gravitational acceleration on another object

• Earth acceleration - 9.8 m/s2

• Sun’s acceleration on the Earth - 0.006 m/s2

• Milky Way’s acceleration on the Earth - 2x10-10 m/s2

• Acceleration tells you the mass

Thank you!


