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in-ter-fer-ence [ Inta'frerons]

An effect caused by the superposition of two or more systems of waves
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When the addition of light gives darkness

e Thomas Young (1773-1829) established the
wave theory of light in the early 1800s, in
apparent contradiction with Newton’s
«corpuscular» theory

e 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

e 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 (1819-18906)




Armand Hippolyte Fizeau (1819-18906)

e Together with Foucault, Fizeau
describes in 1845 interferences Iin
dispersed light




Seminal idea: interferometry and Astronomy

PRIX BORDIN.
QUEsSTION raorosEz xx 1865 roun 4867.

(Commissaires : MM. Duhamel, Pouillet, Regnanlt, Bertrand,
Edmond Becquerel, Fizeau rapporteur.)

Rapport sur le Concours de 'année 1887,
« Le prix sera décerné au savant qui aura exécuté ou proposé une expérience \

» décisive permettant de trancher définitivement la question déja plusieurs fois
» étudiée de la direction des vibrations de I'éther dans les rayons polarisés. »

Il existe en effet pour la plupart des phénoménes d’interférence, tels que
les franges d’Yung, celles des miroirs de Fresnel et celles qui donnent lieu
a la scintillation des étoiles d’aprés Arago, une relation remarquable et
nécessaire entre la dimension des franges et celle de la source lumineuse,
en sorte que des franges d’une ténuité extréme ne peuvent prendre naissance
que lorsque la source de lumiére n’a plus que des dimeosions angulaires
presque insensibles; d’ol, pour le dire en passant, il est peut-étre permis
d’espérer qu’en s’appuyant sur ce principe et en formant par exemple, au
moyen de deux larges fentes trés-écartées, des franges d'interférence au foyer
des grands instruments destinés a observer les étoiles, il deviendra possible

d’obtenir quelques données nouvelles sur les diamétres angulaires de ces
astres.
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At the turn of the XXth Century: the Pioneers

Anderson and Merril
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Albert A. Michelson (1852-1931)

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

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

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

e Nobel Prize in 1907 "“for his optical precision
Instruments and the spectroscopic and
metrological investigations carried out with
their aid"

e After WW1, in 1920, Michelson & Pease
measure the angular diameter of Betelgeuse
and a few other bright stars
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MEASUREMENT OF JUPITER'S SATE
BY INTERFERENCE LLITES

T bas long been known that even in a teles c .
I theoretically perfect, the image of a luminof,:cggicmwi:xgu:g:
of a series of concentric circles with a bright patch of

fight at the common centre. This system of circles can easily
>¢ observed by examining any bright star with a telescope pro-
vided with a circalar diaphragm which diminishes the effective
aperture.  The appearance of the image is shown in Fie. 1. a.
In the case of an object of finite angular magnitude the im'age
cnld be constructed by drawing a system of such rings about
every point in the geometrical image. The result for a small
disk (corresponding to the appearance of one of the satellites of
Jupiter as seen with a 12-inch telescope whose effective apertare
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¢ Michelson used in August
1891 a 12 inch refractor at
Mount Hamilton
observatory (Lick, founded
in 1888) |

MEASUREMENT OF JUPITER'S SATE
BY INTERFERENCE LLITES

. . T bas long been known that even in a teles .
e Two-slit mask with I theoretically perfect, the image of a luminof::c;gicmw;lggu:s:

) . posed of a series of concentric circles with a brigh

adJUStable Separatlona light at the common centre. This system of cir:;?as tca%azzi?;
. . . ¢ observed by examining any bright star with a te]

visual extinction of the vided with 2 circalar diaphragm which diminishes 1he oo ro:

f i aperture. The appearance of the image is shown in Fig. 1, a.
rnnges In the case of an object of finite angular magnitude the image

cnld be constructed by drawing a system of such rings about

every point in the geometrical image. The result for 2 small
disk (corresponding to the appearance of one of the satellites of

e Jupiter close to opposition Jupiter as seen with a 12-inch telescope whose effective apertare
TasBLE L '
Sli:elﬁfts. L 1L 111 IV. Seeing. |

&N

August2 ... 1°29 ... 1°19 ... 1-88 ... 1°68 ... Poor. \
August 3 ... 1°29 ... — ... 1°59 ... 168 ... Poor. !
August6 ... 1°30 ... 121 .. 1'69 ... 1°56 ... Poor.
Avgust 7 ... 1°30 ... 1718 ... 1°77 ... 1°7I ... Good.

1°73 1°66

9 19 |
= e ————
* 1.22 1.05 1.76"1.61

e First use of interferometry
as a precision tool to
estimate angular diameters
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Really high angular resolution:
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the value #/(k,m)=0. A preliminary investigation by Merrill, with
the apparatus used by Anderson® in the measurement of Capella,
revealed in fact a definite decrease in visibility of the fringes of
a Orionis for the maximum separation of the slits (100 inches).
This was true, moreover, for all position angles, which indicated
that the star is not a binary and that the decrease in visibility is to
be attributed to a measurable diameter.

On December 13, 1920, after preliminary settings on 8 Persei
with the mirrors separated 81 inches (229 cm) and on 8 Persei and
v Orionis with a separation of 121 inches, thus insuring that the
instrument was in perfect adjustment, 'it was turned on a Orionis
and fringes across the interferometer image were sought for some
time, but could not be found. The seeing was very good, and the
zero fringes could be picked up at will.

When next turned on a Canis Minoris the fringes stood out on
both images with practically no adjustment of the compensating
wedge, which furnishes a check on the disappearance of the fringes
for a Orionis.

—

T+ e clpar fram theca ahgervatinone that the dican—-~—-- -~

Michelson & Pease 1921, Apd, 53, 249
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Assummg that the effective wave-length for a Orionis is A 5750,
its angular diameter from the formula a=1.22 A/b proves to be
o7047; and with a parallax® of o%o18 its linear diameter turns
out to be 240X 10° miles, or slightly less than that of the orbit of
Mars. This value corresponds to a uniformly illuminated disk, |
while for one darkened at the limb, this result, as mentioned above, ‘
would be increased by about 17 per cent. The uncertainty of the
measurement of the angular diameter is about 10 per cent.

Cordial acknowledgment is tendered to Director George E.
Hale for placing the resources of the Observatory at our disposal
and for his enthusiastic co-operation in furthering the investigation.

Mr. J. A. Anderson was present on several occasions and we wish
‘particularly to acknowledge his valuable assistance in checking the
measures on December 13.

MounT WiLsoN OBSERVATORY
February 1g2r

! The weighted mean of Adams’ spectroscopic parallax, o”o12, and the trigono-
metric values of Elkin, 0”030, and of Schlesinger, o'o016.

Michelson & Pease 1921, Apd, 53, 249
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Abb. 8, Diagram of light path in so foot interferometer.
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e 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.

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

e 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.

e 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 interterometry

e 1937: last attempts with the 50-ft interferometer

e 1956: first tests of the prototype intensity interferometer in England (Sirius)
e 1963. first observations of the Narrabi intensity interferometer (Vega)

e 1974. first fringes with the 2T

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

e 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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e After WW2: from
radio to optical:
renaissance

e 1970s: revival of
amplitude
interferometry

e 1980s: first (semi-)
automated
Instruments

e 1990s: small arrays
for science and
technology

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

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

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

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

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

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

e Angular diameters of 32
stars measured with the
NIl (published in 1974)
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Heterodyne interferometry

e 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.)

e 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

e Sensitivity is limited by the narrow
bandwidth
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First fringes with the 121:
Amplitude interferometry... again at last !
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credit; Peter Lawson.
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COAST, IOTA, SUSI

e Moderate size apertures with
decametric to hectometric
baselines, in the visible or near-
Infrared

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

e One or several recombination
iInstruments offering a vast range of
possibilities

e 3+ telescopes allow phase closure
measurements and image
reconstruction
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The Giants: Keck Interferometer & VLTI

¢ |Interferometry with
8-10 m class
telescopes

e High sensitivity,
hectometric
baselines

¢ \/arious specialized
or general-purpose
beam combiners

e You will hear a lot
about VLTI...




The VLI Interferometer: open to all astronomers

Th ' VLT Interferdmetera
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Conclusion

e Optical interferometry is a very
demanding technique

e |[ts 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

e New instruments have an extraordinary
discovery potential
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This presentation is based on the volume on the
N

istory of interferometry published by Peter Lawson
(JPL) In 1997. The history of the 50-ft interferometer is

pased 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
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