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Abstract 

The current definition of a second relies on the frequency of 
Caesium 133 atom, which frequency can be influenced by gravity. As 
our civilization has become a space faring one, it is proposed to 
further refine the definition of a second by adding the caveat, 'at 
Earth surface', to minimize instrument failures, anomalous 
experimental findings and gradual deterioration in recorded time-
based data that may occur in space-based expeditions relying on the 
current definition of a second.  
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I. INTRODUCTION 

The International Bureau for Weights and Measures (BIPM) 

periodically reviews its definitions and the last revision of the 

definition of a second was done in 1997. Before then, making 

full use of the property that atomic clocks are one of the most 

reliable time-keepers available to our civilization, the second 

was defined in 1967 as: the duration of 9 192 631 770 periods 

of the radiation corresponding to the transition between the 

two hyperfine levels of the ground state of the Caesium 133 

atom. In 1997, taking cognizance of the influence of the 

thermodynamic environment, a caveat was added that the 

definition referred to a Caesium atom at rest, 'at a temperature 

of 0 K' [1]. 

  The important influence gravity can have on atomic clocks 

is however becoming more and more recognized. This 

influence is not yet reflected by BIPM in its definitions. In 

order to further improve accuracy of definition, we suggest 

that in the light of theoretical and experimental findings, 

another caveat has become warranted. This is the motivation 

for this paper. 

II. GRAVITATIONAL INFLUENCE ON CLOCKS - 

THEORETICAL 

It is a consequence of Einstein's General theory of relativity 

that gravity has influence on how clocks, including atomic 

ones keep time. That is, "the rate of a clock is accordingly 

slower the greater is the mass of the ponderable matter in its 

neighbourhood" [2]. The relevant basic equation is given by 

τ∞ = t (1- GM/rc∞
2
).                                             (1)                             

which since frequency is the inverse of period, can also be 

written 

                f = f∞ (1- GM/rc∞
2
)                                              (2) 

 

where τ∞ and f∞ are the period and frequency in free space, 

distant from gravity, G is the gravitational constant, c∞ is the 

velocity of light in free space vacuum, M and r are 

respectively, the mass and radius of the gravitational body on 

which the measurements of f and t are taken. To support his 

theory, Einstein further made verifiable predictions. One such 

is that based on the above equations, since GM/r is higher on 

the Sun than on the Earth, the spectral lines of sunlight, as 

compared to the corresponding spectral lines of terrestrial light 

sources must be somewhat displaced towards the red. To 

quote, "We therefore conclude that spectral lines which are 

produced on the Sun's surface will be displaced towards the 

red, compared to the corresponding lines produced on the 

Earth, by about 2 X 10
-6

 of their wavelengths…" [2]. In other 

words, Caesium 133 atom will oscillate 2 X 10
-6

 times slower 

on the Sun than on the Earth's surface. 

To remove any ambiguity or doubt as to its assertions, the 

theory further states, "Furthermore, we can regard an atom 

which is emitting spectral lines as a clock, so that the 

following statement will hold: An atom absorbs or emits light 

of a frequency which is dependent on the potential of the 

gravitational field in which it is situated. The frequency of an 

atom situated on the surface of a heavenly body will be 

somewhat less than the frequency of an atom of the same, 

element which is situated in free space (or on the surface of a 

smaller celestial body)" [3]. Thus the frequency, f of Caesium 

133 atom on the surface of a heavenly body like Earth, will as 

shown in (2) be less than the frequency of same atom in free 

space, f∞ or on the Moon or Mars, which are smaller celestial 

bodies. 

III. GRAVITATIONAL INFLUENCE ON CLOCKS - 

EXPERIMENTAL 

A. Pound and Rebka's experiment 1960 

The first experimental confirmation of the predicted 

influence of gravity on atomic clocks was to come by way of 

Pound and Rebka's experiment [4]. Using a 22.5 metre tower, 

they found that an atomic clock at the bottom of the tower 

indeed ticked more slowly than one at the top. We can infer 

from their results that Caesium 133 atom will at the top of the 

tower oscillate at a frequency 5.13X10
-15

 more than the 9 192 



 

631 770 Hz used for defining the second at the bottom of the 

tower.  

B. Gravity Probe A experiment 

In 1976, the Gravity Probe A rocket was launched 

10,000km above Earth surface, with a precise clock onboard 

to test the effect of lower gravity on atomic frequency. The 

experiment was performed with a highly accurate MASER 

atomic clock, recording how it measured time as it rose to 

weaker levels of gravity, then subsequently falling back to the 

Earth. The result of the experiment again confirmed the 

theoretical prediction to an accuracy of 70 parts per million 

that a clock should run 4.5 parts in 10
-10

 faster than one on the 

Earth [5]. With reference to Caesium 133 atom, its frequency 

will be about 9 192 631 774 Hz at 10,000km altitude. 

C. Spectral shift due to solar gravity 

The predicted shift in atomic frequency due to the Sun's 

gravity have also been studied experimentally. There are 

reports confirming this theoretical prediction [6], [7]. 

IV. QUANTITATIVE MEASUREMENT IMPLICATIONS 

From (1) and (2), given the known values of GM/r on Earth 

surface, we can therefore infer and calculate that:  

- Caesium 133 atom with a frequency, f = 9 192 631 770 Hz 

on Earth surface, will oscillate faster at f∞ = 9 192 631 776 Hz 

in free space, far from gravity. 

- An electromagnetic phenomenon that takes 1 second on 

Earth surface, will take 0.9999999993 seconds in free space.  

V. CONCLUSION  

We are therefore proposing that as it did in 1997, when the 

thermodynamic environment and temperature were taken into 

account by adding the caveat "at 0 Kelvin", in its next review 

session the gravitational environment be also taken into 

account, with the BIPM redefining the second, as the duration 

of 9 192 631 770 periods of the radiation corresponding to the 

transition between the two hyperfine levels of the ground state 

of the Caesium 133 atom at rest at a temperature of 0 K and 

"at Earth surface". 

This caveat can then be taken into consideration in space-

based expeditions to forestall instrument failures, anomalous 

findings and deterioration in recorded time-based data.  
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