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in·ter·fer·ence [ˌɪntəˈfɪərəns]

An effect caused by the superposition of two or more systems of waves
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• Thomas Young (1773-1829) established the 
wave theory of light in the early 1800s, in 
apparent contradiction with Newton’s 
«corpuscular» theory

• Young’s two-slit experiment was first realized 
around 1801, but still used to demonstrate the 
wave nature of electrons in the 1970s, and of 
even larger objects 

• The wave theory of light held until the early 
20th century, when the particle theory and the 
wave theory joined into quantum optics
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Armand Hippolyte Fizeau (1819-1896)

• Together with Foucault, Fizeau 
describes in 1845 interferences in 
dispersed light



Seminal idea: interferometry and Astronomy



At the turn of the XXth Century: the Pioneers

Diagram: Peter Lawson
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Albert A. Michelson (1852-1931)

• Michelson was interested in many aspects of 
physics, but excelled particularly in optics

• He invented his interferometer to measure 
the speed of light (1878) and verify its 
invariance (Michelson & Morley experiment)

• 1891: measurement of the angular size of the 
satellites of Jupiter

• Nobel Prize in 1907 "for his optical precision 
instruments and the spectroscopic and 
metrological investigations carried out with 
their aid"

• After WW1, in 1920, Michelson & Pease 
measure the angular diameter of Betelgeuse 
and a few other bright stars
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A step towards distant stars:
the satellites of Jupiter

• Michelson used in August 
1891 a 12 inch refractor at 
Mount Hamilton 
observatory (Lick, founded 
in 1888)

• Two-slit mask with 
adjustable separation, 
visual extinction of the 
fringes

• Jupiter close to opposition

• First use of interferometry 
as a precision tool to 
estimate angular diameters

1.22   1.05   1.76  1.61
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• The structure was not stiff enough to maintain the alignment of the 
interferometer while it was tracking the star (no delay line). Wind excited 
vibrations that made the visual estimation of the fringe contrast imprecise. 
Adverse polarization effects probably also played a role.

• The 50-ft interferometer was completed in 1929, after 7 years of construction 
(including mirror polishing).

• In 1931, Michelson died and Pease was involved in the design of the future 
200-inch Hale telescope, that took most of his time. Between 1933 and 1937, 
only 3 stars were measured with the 50-ft interferometer.

• In 1938, Pease died at age 57 and his interferometer was never used again. It 
was dismantled in 1978 (but the building is still visible on Mount Wilson).
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The «middle-ages» of astronomical interferometry

• 1937: last attempts with the 50-ft interferometer

• 1956: first tests of the prototype intensity interferometer in England (Sirius)

• 1963: first observations of the Narrabi intensity interferometer (Vega)

• 1974: first fringes with the I2T

• Between 1930 and 1974, no truly successful amplitude interferometry 
observations.

• The 50-ft interferometer was a major investment, and its poor results led to a 
four decades long «desert crossing» period for optical interferometry.
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Diagram: Peter Lawson

• After WW2: from 
radio to optical: 
renaissance

• 1970s: revival of 
amplitude 
interferometry

• 1980s: first (semi-)
automated 
instruments

• 1990s: small arrays 
for science and 
technology

• 2000s: giant arrays 
with 8-10m 
apertures
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Renaissance: the Intensity Interferometer

• Very clever idea by Robert 
Hanbury Brown (1916-2002) 
and Richard Q. Twiss 
(1920-2005), derived from 
radio, based on the 
corpuscular nature of light

• Simple and reliable 
experimental setup, but 
limited to bright and blue 
stars

• Revival of intensity 
interferometry under study 
today for use with Cerenkov 
telescope arrays
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• Photomultipliers P1 and 
P2 count the photons 
arriving on each of the 
two apertures

• A correlator multiplies the 
signals from P1 and P2, 
over brief time windows

• The average value of the 
output signal gives 
directly the coherence

• Angular diameters of 32 
stars measured with the 
NII (published in 1974)
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• Derived from radio techniques, HI 
was developed in the 1970s in France 
(Gay et al.) and in the 1980s in the 
USA (Townes, Danchi et al.)

• Stellar light is mixed with a laser, that 
shifts the frequency to a few 100 MHz

• The signal is then transported in 
coaxial cables, delayed electronically 
and combined in an electronic 
correlator

• Sensitivity is limited by the narrow 
bandwidth

Heterodyne interferometry



Labeyrie’s two-telescope interferometer



Labeyrie’s two-telescope interferometer





I2T

Photo: L. Koechlin



I2T

Photo: L. Koechlin

Photo: O. von der Lühe



First fringes with the I2T:
Amplitude interferometry... again at last !









credit: Peter Lawson

GI2T
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Mk I, Mk II, Mk III, PTI & NPOI: a productive family

• This series of instruments 
served as a basis for the 
technology developments of 
the present large arrays

Mark III

PTI
NPOI
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COAST, IOTA, SUSI

• Moderate size apertures with 
decametric to hectometric 
baselines, in the visible or near-
infrared

• Two to six telescope arrays, with 
polarimetric capabilities (SUSI)

• One or several recombination 
instruments offering a vast range of 
possibilities

• 3+ telescopes allow phase closure 
measurements and image 
reconstruction

COAST

IOTA

SUSI
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CHARA & 100 inch Hooker telescope - credit: G. van Belle

The CHARA Array
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The Giants: Keck Interferometer & VLTI

• Interferometry with 
8-10 m class 
telescopes

• High sensitivity, 
hectometric 
baselines

• Various specialized 
or general-purpose 
beam combiners

• You will hear a lot 
about VLTI...

The Keck Interferometer



The VLT Interferometer

The VLT Interferometer: open to all astronomers
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Conclusion

• Optical interferometry is a very 
demanding technique

• Its practical implementation in 
astronomy required the taent and 
energy of many great scientists

• The history of optical interferometry is a 
beautiful example of human 
perseverance

• New instruments have an extraordinary 
discovery potential





Chesneau et al. (2007)

RS Oph

T Lep (Le Bouquin et al. 2009)

Altair (Monnier et al. 2006)
del Cep (Mérand et al. 2005)

Tuthill et al. (2008)

Haubois et al. (2009)



This presentation is based on the volume on the 
history of interferometry published by Peter Lawson 
(JPL) in 1997. The history of the 50-ft interferometer is 
based in part on the work of Larry Webster (CHARA/
Mount Wilson).

Selected Papers on Long Baseline Stellar Interferometry P.R. Lawson, editor 
(SPIE Press: Bellingham WA, 1997). SPIE Milestone volume of papers covering 
stellar interferometry from 1868 to 1996.

http://olbin.jpl.nasa.gov/

http://spie.org/x648.html?product_id=278013
http://spie.org/x648.html?product_id=278013
http://olbin.jpl.nasa.gov
http://olbin.jpl.nasa.gov



