
Introduction

Among all the physical quantities/units, time has always played a major role in human mind, because everyone 
can feel it: at the early beginning of humanity through the day/night cycle, ageing, and then after in the social 
organization of human community (religion, trading… and still through day/night cycle and ageing). Today, the 
improvements of clocks are mainly driven by knowledge in order to push away the frontier of science. There is no 
other quantity in science which has been measured with such relative uncertainty (10-15). This number means a 
drift of the clock of 1 second during 300 millions years! With such measurements, the frontiers of science in terms 
of accuracy are clearly investigated.

Principle of time measurement

One of the oldest definitions of time has been given by Aristotle as the number of motion in respect of “be-
fore” and “after”. This definition is absolutely relevant, it points out the main issue of time measurements: 
counting cycle respect to a reference. By principle, the counting of the cycle is extremely accurate.  The limi-
tation in accuracy is coming from the quality of the signal (noise) which must be counted. However measuring 
any physical quantity in term of unit is comparing this quantity to the reference one. Therefore, the quality of 
the measurement depends also on the quality of the reference. In any clock, the accuracy is linked in close 
relation with stability of the clock. All the improvements have been done to get a more stable clock which 
means a “frequency” delivered by the clock less and less depend on any perturbations. When the developed 
oscillator is more stable than the reference clock, this oscillator must be used as the new reference. That is 
why, up to 1967, all the clocks were reference to an astronomical clock (Earth rotation). Since 1967, reference 
clocks are realized with Cesium (Cs) atoms.

Atomic clock
In atomic clock, the reference oscillator is an atom. This oscillator is universal: a Cs atom at Paris is exactly 
the same as the Cs one in Tokyo. This oscillator is almost perfectly stable: the light emitted by this oscillator 
depends only of the initial and final energy state/level of the atom. Those energy states “do not depend” or so 
on external parameters (temperature …). As the insensitivity of the atomic clock to any perturbations turn out 
to be more efficient, it is clear that more cycles have to be counted to observe a little drift of those clocks. The 
main limitation of the performances of those clocks is the unavoidable contribution of gravity to the motion of 
the atoms. This sets a limit on the interrogation time of the atoms and consequently a limit on the number of 
cycles which can be counted. Thanks to the recent advance in cooling atoms (reducing and controlling the 
motion of the atoms), fountain clocks have been developed to push back this limitation. However, fountains 
with a reasonable size, have now reached their fundamental limits(1) (see S. Bize presentation). 
As it is no more convenient to extend interrogation time of the atoms, the natural way to improve the performan-
ces of the atomic clock is to increase the frequency of the oscillator. Obviously, the count is more precise if the 
number of cycles counted during the same period is higher. Experimentally, it means using an optical transition of 
the atom instead of a microwave one. Then, the frequency of the oscillator is in the order of 500 000 000 000 000 
Hz (1Hz represents one cycle per second) that is almost 50000 times the one of the actual Cs clock. Even if the idea 
is simple, it was not considered because of the extreme difficulty to measure the frequency of an optical oscilla-
tor respect to the Cs clock. Thanks to the realization of optical frequency comb, this is no more a problem(2). Any 
frequency can be measured quite easily with an excellent uncertainty. The second issue to solve before using 
optical clock is to control the motion of the atoms without affecting the reference frequency. The “nowadays re-
gular method” has been proposed by H. Katori in 2001(3). This method relies on optical dipole trap, operating at a 
“magic wavelength”, to hold the atoms in gravity field (see H. Katori presentation). The stability and so accuracy of 
those clocks are now approaching the ones of regular Cs clock. This opens the possibility soon of a new definition 
of time related to those optical clocks.
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Applications

Now, atomic clocks are used to test fundamental Physics such as the drift of the fundamental constants. 
The drift can be search by comparing atomic oscillation done at the early age of the universe to the one of 
the same atoms nowadays or on short time scale, with extremely stable clock such as Cs/Rb atomic clock 
[1] (see presentations in this session). With the new optical clocks, predicted drift of the clock with its posi-
tion in gravitational field will become also observable(4).
Daily, those atomic clocks are used to synchronize telecommunication networks as well as in GPS systems. 
The development of miniaturized cold atom clock will lead to better accuracy of the GPS system (resolution 
of the order of cm) opening new possibilities (automatic landing of the airplane…).
More practically, those fountain clocks contribute already to the definition of the International Atomic Time 
(TAI)(5) and the Coordinated Universal Time (UTC). Another application of those atomic clocks is the ac-
curate determination of fundamental constants. This application will become more “practical” when the 
recent proposal of redefinition of international system unit with fundamental constants (schedule for 2011) 
will become effective(6). 
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