
Lecture 6: The Equivalence Principle 

• What is the Equivalence Principle? 

• Why do we want to test it? 

• How has it been tested? 

• Results 



Both Newtonian physics and General Relativity are based 
on the Equivalence Principle:  

All bodies fall in a gravitational field with the same 
acceleration regardless of their mass or internal structure. 

 

• Later, Einstein realized that a uniform gravitational field is the same as an 
accelerated reference frame. More on this in later lectures. 



Two different definitions for mass 

• Recall the concept of momentum and of 
potentials and fields 

• The inertial mass is the resistance of an object 
to a change in momentum. 

• Gravitational mass is a property of the mass 
of an object that produces a gravitational field 
in the space surrounding the object. 





  
 

The Equivalence Principle: 

inertial mass = gravitational mass 

 

See  Galileo’s hammer and feather experiment on the Moon: 
http://nssdc.gsfc.nasa.gov/planetary/image/featherdrop_sound.mov 



Historical overview 

 

Eötvös parameter 



First tests of the Equivalence Principle 



Second generation tests 



Third generation: Eötvös experiments  



Torsion balance: Loránd Eötvös (1885) 



Important results 

Universality principles 

• Gravity acts on all kinds of matter 

• Gravity acts on all kinds of matter in the same 
way 

• Gravity acts on all kinds of clocks 

• Gravity acts on all kinds of clocks in the same way 

• Gravity is created from all kinds of matter 

• Gravity is created from all kinds of matter in the 
same way 

 





Fourth generation: Torsion balance in 
space (no strings attached) 



MICROSCOPE: A future high-precision experiment 

In the MICROSCOPE experiment, the Earth is the gravitational source about 

which free fall motion of two masses, composed of different materials, is 

observed and controlled taking care that both masses are submitted exactly to 

the same gravitational field. The controlled electrostatic field, added to break 

the experimentation symmetry by forcing the masses to remain on the same 

orbit is accurately measured: a defect of symmetry gives rise to evidence of an 

EP violation.  

Precision: Better than 10-18 



Why test the Equivalence Principle? 

The Equivalence Principle is intimately connected 
with some of the fundamental aspects of modern 
physics, and of the unification of gravity with 
particle physics. 

• It is a test of fundamental constants of physics. 

• It is a test of the coupling constant between mass 
and the gravitational field. 

• EP experiments are testing a key assumption of 
some new physical paradigms that are being 
proposed, such as string theory. 



Some inspiration 
from Eötvös 

     Laurels beckoned us, so we started out  
     With Nightingale towards a mountain height.  
     While I grappled with the sheer cliffs below,  
     She seized her prize in easy, graceful flight.  
 
     What I may perhaps never ever reach,  
     Took but a brief moment for the bird;  
     O Heaven don't be so unjust, I plead,  
     Grant me wings too. Let my prayer be heard.  


