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The first rung

● Main astronomical measurements:
○ Photometry

■ Measure light
○ Spectroscopy

■ Measure wavelength
○ Astrometry

■ Measure position
■ …to get parallax!





As distance increases, ellipse 
gets smaller and more eccentric

Direct distance measurement!



Parallax -- the drawbacks

● Need accurate astrometry
● Have to wait 6 months for biggest angle
● Only reliable for relatively close objects

○ 1000 parsecs gives ~10% error with Gaia
● Errors come from:

○ Atmospheric effects
○ Instrumental errors



Parallax is diicult

● Closest star (Proxima Centauri) has parallax <1”
● Atmospheric turbulence/seeing typically limits observations to 1”
● Need proper motions of background stars
● Even for close stars, parallax errors can be high
● Even more difficult for binary stars
● Theorized for hundreds of years before actually measured
● Your fingertip at arm s̓ length is ~1 degree on the sky

○ Nearest star s̓ parallax is less than 1/3600th of that!



Parallax is diicult

Deacon, Henry, Jao, et al. 2005

Years!



1800s first measurements
● Henderson, Struve, and Bessel were first to 

measure parallax (mostly Bessel)
○ Alpha Centauri -- Measured 0.912”, 

actual 0.747”
○ 61 Cygni -- Measured 0.314”, actual 

0.285”
○ Vega -- Measured 0.125”, actual 0.130”

■ Struve revised his measurement to 
0.314” after Bessel released his 61 
Cygni parallax

Bessel s̓ 1830s heliometer



Modern ground-based astrometry

● By 1910, only ~100 parallaxes known
● “It is now possible to measure 

parallaxes out to 200 parsec” - Binney 
& Merrifield, 1981

● 60 s̓ -- photographic plates, speckle
● 80 s̓ -- CCDs significantly reduced 

uncertainties
○ Catalogues of 100,000s of stars!

● 90 s̓ - Adaptive Optics
Automated Plate Measuring machine at 

Cambridge



 “In an average year the facility is available for 
scanning roughly 90% of the time and typically 
over 1000 plates are measured.”

“The scanning and processing time for a 
complete UK or Palomar Schmidt plate at 
1/2 arcsec resolution is just over 4 hours.”

From the APM Facility historical website

Manually set x/y grid, then did 2mm strip laser scans



Going to space!

● Hipparcos! “High Precision PARallax 
COllecting Satellite”
○ Launched 1989
○ Measured parallax for >1,000,000 

stars, accuracy of ~0.002 arcsec
● Hubble Space Telescope

○ Launched 1990
○ Precision of ~20-40 micro arcsec



Gaia

● 0.1 milli arcsec error at 1000 pc!!
● Over 1 billion objects!!
● Can see down to ~20 G mag!!



RECONS - 800



The future?

● Telescopes can get very high angular resolution
○ CHARA resolves ~200 micro arcsec

● But what has the highest angular resolution?

Very Long Baseline Interferometry



Event Horizon Telescope -- ~20 micro arcsec resolution





If we could measure 1μas…

● D[pc] = 1/π[arcsec]
○ D = 1,000,000 pc = 1 Mpc!!!

● LMC -- ~50 kpc
● SMC -- ~60 kpc
● Andromeda -- ~765 kpc
● If we could measure ~0.2μas…

○ Could get parallaxes to Centaurus A, the closest AGN!!
● Of course, only in the radio

○ Masers, AGN, pulsars, etc



Parallax 
precision of 
~45 μas, 
approaches 
10 μas!



Questions?

EHT image of Centaurus A̓s radio jets
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