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Trigonometric Parallaxes

 Diurnal parallax
 Geocentric Parallax
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 Hipparcos
 Gaia mission
 



Total eclipse in Syene  
Partial in Alexandria 





Diurnal (daily) parallax 

Refraction affects the apparent altitude of a star. 
But there are other phenomena that affect its apparent position, 
too.  One of these is parallax. Refraction decreases the zenith 
angle, but parallax increases it.  
 
Our observations are made from the surface of the Earth, not 
its centre.  This is irrelevant when observing distant objects 
such as stars.  But for closer objects (e.g. within the Solar 
System), a correction must be made.  This is geocentric 
parallax, or diurnal (daily) parallax  (since it varies daily as 
the Earth spins around its axis) 
 
To an observer at O, the zenith angle of object S appears to be 
z'.  Its true zenith angle, as seen from the centre of the Earth C, 
is z, which is smaller.  
Parallax is greatest for an observer at O1,  
where the object appears to be on the horizon.  
We define the angle of parallax p by p = z'-z.  
 
sin(p) = sin(P) sin(z')  
 
 





Distance to the Sun was not intereting form a long time 
(just another distance) and the result from Arostarchus 
(too small by a factor of 20) was uncritically adopted.  
 
 
Things changed completely with heliocentric system 
by Copernicus. 
 
 
Why Tycho Brahe did not believe in the heliocentric 
model ?  
 
 
 
 
 
 









Modern measurements

               Direct radar measurements of the 
distances to Venus and Mars became available in 
the early 1960s
                       Telemetry (au)

2009   ± 3 m
2012 - 149597870700 m











Statistical parallaxes ~ 500pc 







































Hipparcos parallaxes

 Hipparcos mission was supposed to solve completely all problems 
related to the cosmic distance scale   JJJ

 Parallax  measurements  at 10%  for selected standard candles:

 Cepheids 10  (all but one short period Cepheids)

Type II Cepheids 2  (one peculiar)

RR Lyrae 1  (RR Lyrae itself often discussed as peculiar)

Red clump stars 1000 



Hipparcos parallaxes

Parallaxies improved significantly improved van der Leeuwen 2007 

Pleiades problem never solved (5 and 7 parameter fit) 

Lutz Kulker bias 

At best 10% parallaxes. Estimated corrections at the level of 

0.1-0.2 mag ! 

 



HST parallaxes

Benedict et al. 2009 



Gaia parallaxes

1% at 1 kpc, so we should expect 
several hundred of classical Cepheids, RR Lyrae 
stars, Type II Cepheids to be calibrated 

And also many hundreds of eclipsing binaries, 
astrometric binaries to cross check the results



Gaia DR1, DR2

Spectacular data set for studying stellar motions, 
transients etc
BUT still not for measuring distances
First papers trying to calibrate:
Cepheids (Groenewegen et al. 2019, Riess et al. 
2018)
RR Lyrae stars (Muraveve et al. 2018)



Systematic shift
Comparing to:

1) Quasars: shift of -0.03 mas and some internal correlations 
(Lindegren et al. 2018) 

2) With other catalogs  - 0.118±0.003 mas (Hipparcos) but mostly 
close -0.03 (especially catalogs in the MC) −0.0380 ± 0.0004 mas 
and−0.0268 ± 0.0006 mas

3) APOKASC-2 catalog and asteroseismic relations, Zinn et al. 
(2018)  −0.053±2(stat)±1(syst) mas

4) Eclisping binaries Graczyk et al. 2018 −0.031 ± 0.011 mas




