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Pendulum driven clock (Huygens, 1657) : acted by weight or springs

Telescopic  ground astrometry 

Naked eye  astrometry 

2500 years of space-time references
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Space-time astro. VLBI/GNSS/SLR

Tycho Brahe observations
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Space astrometry  

1990
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Aberration & principal 

nutation (Bradley)

Latitude variation (polar motion)

UT Seasonal variation (Stoyko)

Sun observation at Cayenne  by Richer (1672)

Period difference for equator  and France (Richer 1672)

Subseasonal PM/UT variation

Diurnal PM/UT variation

Continental drift / Non rigid Earth effect

Observation of Jupiter 

satellites by Roemer 

(~1670) -> Accuracy ½ min

Geocentric       Hipparchus                          Ptolemaeus Tychonic 

T

I

M

E

M

E

A

S

U

R

E

S

P

A

C

E

M

E

A

S

U

R

E

M

O

D

E

L

S

Methods (and accuracy) of terrestrial localisation:
• 16th c. : Moon total eclipse (100 km)
• 17th c. : Jupiter satellites (10 km)
• 18th c. : geodesic triangulation (1 km)
• 19th c. : (sea) chronometry (0,1 km)
• 20th c. : radio, satellites (0,01 km = 10 m)
• 21th c. : GPS, Galileo (1 m), …

Harrison and Leroy 

Clocks for determining 

longitude on the sea

Gaussian law        Theory of measure error : statistics & probability  

Time and space reference systems result from the historical developments of the observational techniques and 

concepts from Antiquity to nowadays. Moreover ancient observations, involving various techniques and 

epochs, are quite often reprocessed, because of the extension or modification of their compilations or for 

benefiting of the progress of the computer capabilities. These historical aspects constitute an other skill of 

SYRTE. For a better integration of our various researches and their achievements, and having an 

epistemological overview on them, we set up in 2013 an internal interdisciplinary group, assembling time and 

astro-geodesy competence centers with the historians. This is OMIM: "Observations, Mesures, Incertitude, 

Modèles" (i.e. Observations, Measurements, Uncertainties and Models). Present poster is aimed at 

illustrating the evolution in measuring/conceptualising space and time from the Greeks to our days.
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Precession of the equinoxes (Hipparchus)

Kepler Laws 

Heliocentric                                                    Copernic              Kepler

Expeditions of La Condamine and 

of Maupertuis � Earth Flattening

Dynamical time 

Earth rotation time  (UT)

Instrumental time 

Decadal and secular variation of 

UT  (from ancient eclipses 

observations)

CRF Tycho                                     Flamsteed            Lacaille          Lalande                        Fundamental Katalog  (1-5)                             Hipparcos Radio-quasar ICRF 

Lacaille sextant at 

the Cape observatory

GNSS/LASER ITRF 

PM: polar motion

UT : Universal Time

CRF:  Celestial Reference Frame

TRF:  Terrestrial Reference Frame

GNSS: Global Navigation Satellite System

TE: Temps des Ephémérides

TAI: Temps Atomique International 

50000 stars

TRF       Spherical Earth       

Earth diameter of 40 000 km (Eratosthene) 

First crosswires  placed at telescope focus (J. Picard) 

and micrometer screws (W. Gascoigne) 

Fixed stars CRF Moving stars CRF 

Inertial system 

Kinematic models of the celestial motions  Theoretical models based upon physical theory

Rigid crust Moving crust

TAITIME SCALE REFERENCE                                            Earth rotation time scale TE 
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Spherical coordinates Cartesian system / analytical geometry (widely used with the advent of computer technology) 
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Earth mapping from exploration 

Accurate precession value (Ptolemaeus)
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Thabit ibn Qurra trepidation (~900)

Alphonsine Tables (~1250) 
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Refraction  (Cassini I)
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(1609) First star parallaxe (Bessel, Henderson)

Clock error after one day

Proper motion (Cassini II)
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