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400 400 YearsYears of of AstrometryAstrometry ::
From Tycho Brahe to From Tycho Brahe to HipparcosHipparcos

A A technicaltechnical and and scientificscientific developmentdevelopment

Introduction of the telescopeIntroduction of the telescope
Micrometers, divided circles, clocksMicrometers, divided circles, clocks
Space techniquesSpace techniques
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Quadrant 1570       Sighting the star      
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new

instruments
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Tycho Brahe
on Hven
1576-97

A barrel of gold

Sextant 1580

1000 stars measured
celestial reference frame
for measurement of planets
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Tycho BraheTycho Brahe
mural quadrantmural quadrant

One observer for the star,One observer for the star,
two assistants for clocks, two assistants for clocks, 
circle and protocolcircle and protocol

Diagonal division linesDiagonal division lines
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Some results from astrometry 1600Some results from astrometry 1600--17001700

16021602--1619 : Laws of planet orbits by Johannes Kepler 1619 : Laws of planet orbits by Johannes Kepler 
based on Tycho Brahe�s observationsbased on Tycho Brahe�s observations

1611 : Orbits of the Jupiter satellites by Galileo Galilei1611 : Orbits of the Jupiter satellites by Galileo Galilei

1687 : Laws of dynamics and gravitation by Isaac Newton1687 : Laws of dynamics and gravitation by Isaac Newton

1659 : Planet diameters  measured  by Christiaan Huygens1659 : Planet diameters  measured  by Christiaan Huygens

66

Two telescopesTwo telescopes

The Dutch The Dutch telescopetelescope
Hans Hans LipperheyLipperhey 16081608
MicrometerMicrometer not not possiblepossible
small small fieldfield, small , small magnificationsmagnifications

The The KeplerKepler telescopetelescope
Johannes Johannes KeplerKepler 16111611
MicrometerMicrometer possiblepossible: wires at (5): wires at (5)
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Sextant and quadrantSextant and quadrant
With With nakednaked eyeeye openopen sightsight pinnulespinnules

untiluntil 1679, Johannes 1679, Johannes HeveliusHevelius

TelescopicTelescopicsightsight onon quadrquadr. and . and sextsext..
1640 by William 1640 by William GascoigneGascoigne
16651665--, Robert , Robert HookeHooke a.oa.o..

MuralMural ””quadrantquadrant” of 140 ” of 140 degdeg..
16891689--, John , John FlamsteedFlamsteed

1658 : 1658 : PendulumPendulum clockclock by by ChristiaanChristiaan
HuygensHuygens

1659 : 1659 : Wire Wire micrometermicrometer by by HuygensHuygens
GascoigneGascoigne 1641, but 1641, but knownknown onlyonly laterlater

Hevelius, brass sextant
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Divided scales and circlesDivided scales and circles

1674  Hevelius : 1674  Hevelius : 
Scale with vernierScale with vernier
and diagonalsand diagonals

The high art of The high art of 

of dividing the circleof dividing the circle
(1990 book by Allan Chapman)(1990 book by Allan Chapman)
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Some results from astrometry 1700Some results from astrometry 1700--18001800

1725 :   The ’Great 1725 :   The ’Great CatalogueCatalogue’, 3000 stars, ’, 3000 stars, errorerror 12”, by     12”, by     
John John FlamsteedFlamsteed usingusing a a muralmural ””quadrantquadrant” of 140 ” of 140 degdeg..
1728 :  Aberration 20” and 1728 :  Aberration 20” and nutationnutation 9” 9” discovereddiscovered by   by   
James James BradleyBradley usingusing a a zenithzenith sectorsector withwith precisionprecision 1” 1” 

1737 : 1737 : FlatteningFlattening of the of the EarthEarth measuredmeasured, P.L.M. , P.L.M. 
MaupertuisMaupertuis

1767 : 1767 : BinariesBinaries predictedpredicted statisticallystatistically by John Michell; by John Michell; 
1779… : 1779… : SystematicSystematic observations by W. observations by W. HerschelHerschel; ; 
1827 : 1827 : FirstFirst orbitorbit by Felix by Felix SavarySavary
1781 : Uranus 1781 : Uranus discovereddiscovered by William by William HerschelHerschel

1783 : William 1783 : William HerschelHerschel: motion of Sun : motion of Sun towardstowards HerculesHercules
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Transit instrument by Ole RømerTransit instrument by Ole Rømer

1675 1675 -- Transit instrumentTransit instrument
in Copenhagenin Copenhagen
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Meridian circle by Ole RømerMeridian circle by Ole Rømer

1705 1705 -- Meridian circleMeridian circle
full circle and microscopesfull circle and microscopes
Only after 1800 were quadrants Only after 1800 were quadrants 
out of businessout of business

Hevelius
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Mural quadrant Mural quadrant –– John Bird John Bird -- 17731773

Critical issues :Critical issues :
DivisionsDivisions
Planarity of circlePlanarity of circle


