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ℓ2 h=ℓ2sinδ

from Townsend
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1980, neutrons

from Townsend
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“atomic fountain”

gravity

Here we use an atom interferometer based on a fountain of laser-cooled atoms 
to measure g, the acceleration of gravity. Through detailed investigation and 
elimination of systematic effects that may affect the accuracy of the 
measurement, we achieve an absolute uncertainty of dg /g 3 10 -9 , 
representing a million-fold increase in absolute accuracy compared with 
previous atom-interferometer experiments7. We also compare our 
measurement with the value of g obtained at the same laboratory site using a 
Michelson interferometer gravimeter (a modern equivalent of Galileo’s 
‘leaning tower’ experiment in Pisa). We show that the macroscopic glass 
object used in this instrument falls with the same acceleration, to within 7 
parts in 109, as a quantum-mechanical cesium atom. 

Δg/g =  3 x 10 -9

The  absolute  measurement  in g of  our  
atom  interferometer  was  also compared 

to  a  falling  corner  cube  instrument 
which  has  an  estimated  absolute  
accuracy  of about two parts in 109
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★Phil. Trans. R. Soc. Lond. A (1997) 355, 2223–2233 

★

The action along the two paths (described on next page) is the same  
except for the absorption/emission of photons.
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Adapted from 

 Phil. Trans. R. Soc. Lond. A 

(1997) 355, 2223–2233 
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Any slight difference in the frequency change between the frequency difference of the two
optical beams and the falling atoms appears as a change in the population of the

atoms in the excited state. In the actual experiment, we change the frequency in two
discrete steps with a direct digital frequency synthesizer that changes its frequency

in a phase continuous manner so that the relevant optical phase of the light is known.
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★Phil. Trans. R. Soc. Lond. A (1997) 355, 2223–2233 
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residuals

data and  
tidal models 1,2 

2 includes oceans
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τ is proper time, first term is gravitational red shift, 
second term is time dilation, and β tests for 

anomalous gravity 

Extracting Gravitational Red Shift
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measured

predicted
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