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Why Astronomical Interferometry?
• No, really, why?

– It’s hard to do
– Therefore, it’s 

expensive
– Its produces limited 

results
– As telescopes grow, 

sensitivity and spatial 
resolution increase

• Here’s why:
→But not impossible
→Yet there are 

solutions to that, too
→But results you can’t 

get anywhere else
→Interferometers 

allow you to skip the 
increased sensitivity



Why Astronomical Interferometry?
Which HR Diagram do you prefer?



Why the History of
Astronomical Interferometry?

• Sporadic development path is rather unusual
– Clearer understanding of the starts – and stops –

useful in avoiding bad outcomes
• “Those who cannot remember the past are 

condemned to repeat it.” (Santayana 1905)

• About as colorful as any niche in astronomy
– Given astronomy, that’s saying a lot



Fizeau
• Armand-Hippolyte-

Louis Fizeau (1819-
1896)
– First to develop reliable 

method for determination 
of speed of light (1849, 
with Foucault)



• 1868 – Fizeau suggests the possibility of 
stellar interferometry.



• 1868 – Fizeau suggests the possibility of 
stellar interferometry.

PRIZE BORDIN.
QUESTION SUGGESTED IN 1865 FOR 1867 

(Chiefs: Misters Duhamel, Pouillet, Regnault, Bertrand, 
Edmond Becquerel; Fizeau reporting) 

Report on the Contest of the year 1867 

“The prize will be decreed with the scientist who will have carried out or proposed 
a decisive experiment allowing definitively to solve the question already several 
times studied of the direction of the vibrations of ether in the polarized rays” 

 
There exists indeed for the majority of the phenomena of interference,

such as the fringes of Yung, those of the mirrors of Fresnel and those
which give place to the scintillation of stars according to Arago, a relation
remarkable and necessary between the dimension of the fringes and that
of the source of light, so that fringes of an extreme tenuity cannot occur
due when the source of light has nothing any more but almost insensitive
angular dimensions; from where to say it while passing, it is perhaps
allowed to hope that while being based on this principle and while
forming for example, by means of two broad very-isolated slits, of the 
interference rings to the hearth of the large instruments intended to
observe stars, it will become possible to obtain some new data on the
angular diameters of these stars. 



Stephan
• Édouard Stephan (1837-

1923)
– Followed up Fizeau’s

idea to measure stellar 
diameters (1873)

– Only found upper limit 
of θ<0.158”



80 cm Foucault Reflector
• Significance of 

Stephan’s work
– 65 cm aperture 

separation
– Observed most stars 

down to 4th magnitude
– All stars produced 

distinct fringes
• 1896 M. Hamy

performs similar 
measurements at the 
Observatoire de Paris



Michelson
• Albert Abraham Michelson 

(1852-1931)
• Scientific Achievements

– Measured speed of light 200 
times more accurately than 
previous measurements 
(1878)

– Invented Interferential 
Refractometer in Berlin while 
on leave from Naval 
Academy (1880)

– Michelson-Morley 
experiment (1887)



Michelson II.
• Scientific Achievements 

(continued)
– Described mathematical 

basis of stellar 
interferometry (1890)

– Measured diameters of 
Jupiter’s moons (1891)

– Received Nobel Prize in 
physics (1907)

– Measured diameter of 
Betelgeuse with the 20 ft 
Interferometer (1920)

A.A. Michelson, R.A. Millikan
and friend



Jovian Moon Diameters



Hooker Reflector - Mount Wilson 



Experimental Sketch



20’ Beam Interferometer



Experimental Notebook
Note Graduate
Student



Betelgeuse Result
• Found α Ori to be quite 

large – ~50mas
• Also measured the 

diameters of 6 other 
stars

• Available on the ADS!
– Michelson & Pease, 

1921, ApJ, 53, 249
– Pease, 1921, PASP, 33, 

171 & 204
– Pease, 1921, PASP, 34, 

183 & 346



50’ Beam Interferometer

Francis Pease at the 
observer’s station

Optical layout of the 50’ 
beam interferometer



Early History Timeline



Hibernation for the Field (1)
• Between 1922 and 

1968, virtually nothing 
published in the field
– A few unrefereed letters 

from Pease
– A few binary stars

• Optical interferometry 
effectively put into 
slumber by the 50’ 
instrument 



Development of the Intensity 
Interferometer

• Diameter of Sirius estimated 
from experiments at Jodrell
Bank, UK (1956)

• Manchester University and 
Sydney University build the 
Intensity Interferometer at 
Narrabri, NSW, Australia 
(starting 1961)
– Initially under the guidance of 

Twiss
– Hanbury Brown established as 

Professor at Sydney 
University



The Intensity Interferometer
• Measured 32 stars to a limiting 

magnitude of B=+2.5, spectral 
types O-A inclusive, and 
accuracies of 1 or 2%
– Remains the seminal paper to this 

day on main sequence diameters
– Hanbury Brown, Davis & Allen, 1974, 

MNRAS, 167 121

• Measured orbit of Spica (α Vir)
– Herbison-Evans, Hanbury Brown, Davis 

& Allen, 1971, MNRAS 151 161



Results from Narrabri

1

10

100

1000

-1.0 -0.5 0.0 0.5 1.0 1.5

V-K

R
ad

iu
s (

R
su

n)

I
II

0
1
2
3
4
5
6
7
8
9

10

-1.0 -0.5 0.0 0.5 1.0 1.5

V-K

R
ad

iu
s 

(R
su

n)

V
IV
III



Still Yearning for the Mainstream
“As the method [optical interferometry] can be 

applied to only the angular largest stars, it is no 
longer used for the determination of stellar 
diameters.” – Wesselink et al 1972



Hibernation for the Field (2)
• Spans from 1975-1989

– This time, only a fitful sleep
– A few observations published 

every few years

• Lunar occultations – 1980s
– The ‘golden era’ for LO –

over 300 observations 
published

– Urges for high resolution 
satisfied by this technique 

– Continues to be effectively 
utilized today
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The Second Great Reawakening



Significant Events Opening the Field
• 1956: First fringes with the prototype intensity interferometer by Hanbury-Brown 

and Twiss
• 1970: Invention of speckle interferometry by A. Labeyrie
• 1972: First 10 micron heterodyne fringes by J. Gay and A. Journet
• 1974: First 10 micron heterodyne fringes with separated telescopes by Johnson, 

Betz, and Townes
• 1974: First direct detection visible fringes by A. Labeyrie
• 1979: First phase tracking stellar interferometer, M. Shao and D.H. Staelin
• 1982: First fringe measurements at 2.2 microns, by G.P. Di Benedetto and G. Conti
• 1985: First measurement of closure phase at optical wavelengths by J.E. Baldwin et 

al
• 1986: First fully automated interferometer for wide angle astrometry, M. Shao, 

M.M. Colavita et al
• 1992: First use of single-mode fibers by Coudé du Foresto and S.T. Ridgway
• 1995: First optical synthesis image with separated telescopes, by J.E. Baldwin et al

Together, all of these technology stepping stones
pave the path to modern optical/near-IR interferometers



Why the Reawakening?
• Significant advances in technology

– Computers & electronics
– Detectors
– Actuators
– Materials science / microlithography
– Optics (particularly lasers)

• Significant advances in understanding the 
atmosphere
– Tango & Twiss 1980, Prog. in Optics, 17, 239
– Shao & Colavita 1992, A&A, 262, 353



Mark I, II, III
• Mark I: Phase tracking 

stellar interferometer built 
by M. Shao and D.H. 
Staelin (1977-79)
– Tilt correction + phase 

tracking
– No delay line

• Mark II:  Technology 
testbed for astrometry
– High speed delay line 

implemented
– Star-switching automated
– Astrometric interferometry 

demonstrated 



Mark I, II, III
• Mark III: First fringes in 

1986
– Astrometric accuracy of 

10 to 20 milliarcseconds
– Modified for longer 

baselines (up to 30m) 
and stellar measurements 
by NRL/USNO

– Extensive list of 
publications (18+ 
refereed science papers)



Published Scientific Output by Year
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Published Output by Year (1960+)
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Current Heavyweights
• Palomar Testbed Interferometer

– 24+ refereed publications
– Binary stars, giant diameters, 

Miras, YSOs
– First observation of rotational 

oblateness
• Infrared/Optical Telescope Array

– 20+ refereed publications
– Giant stars, Miras, YSOs
– Large number of PhD students

• Grand Interféromètre à 2 
Télescopes
– Be star observations 
– 11+ refereed publications

• Cambridge Optical Aperture 
Synthesis Telescope
– 10+ refereed publications
– First optical aperture synthesis 

maps 
– Mira diameters

• Navy Prototype Optical 
Interferometer 
– 13+ refereed publications
– First direct detection of stellar 

limb darkening
– Closure phase mapping

• Infrared Spatial Interferometer
– 12+ refereed publications
– 11µm heterodyne combination



Future Prospects
• Up-and-coming 

contenders
– Keck Interferometer
– VLTI
– CHARA
– SUSI

• Lurking in the shadows
– MRO
– LBTI
– MIRA
(See Theo’s talk tomorrow)

• Even further out there
(see Peter’s talk on Friday)





Cambridge Optical Aperture Synthesis 
Telescope

13 Sept. 1995 28 Sept. 1995

Optical Synthesis Images of Capella



Infrared Spatial Interferometer



GI2T


