Leiden Interferometry Summerschool 2000

LECTURES



Leiden Interferometry Summerschool 2000

This page was intentionally left blank



Principles of interferometry

Principles of interferometry
Pierre Lena

Abstract

The lectures will establish the basic physical principles on which astronomical interferometry
is based : coherence of light, combination of beams, sampling of image spatial frequency content.
The effects of atmospheric perturbations will be analyzed with the limitations they impose on
ground based observations, including the role of adaptive optics. Signal detection principles and
practical realizations will be presented, with discussion of noise sources, sensitivity limits for
various wavelengths and observing conditions (ground and space) of interest. Example of current
astronomical results shall be given.
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. The Young experiment

. From Fizeau to the VLTI

. Object, Instrument, Image & Fourier specira

. {oherence of radiation

. Measuring coherence with an ideal interferometer
. Types of interferometers

. Effects of the Earth’s atmosphere

. Methods of light recombination

T o s Y N o

. Signal detection & noise sources, sensitivity
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1. The Young expetriment

« A founding experiment
« Do-it-yourself
+ Fringes & spatial structure of the source

Bratrener v Feadd s Spn e cond Srvasnd= b D Setenferoonirs - depden, Sepa T 220080 - pugge 2

2. From Fizeau to the VLTI

. 1862 Fringes and nature of light Thomas Young, Londres
* 1868 Concept of interferometry with pupil mask Hippolyte Fizeau, Paris
e 1872 Upper limit (0.158”) of stellar diameter Edouard Stephan, Marseille

1921 First stellar diameter measurement Albert Michelson, Pasadena

¢« 1950 First radio-interfometer Martin Ryle, Cambridge

« 1956 First intensity interferometer (visible) R. Hanbury-Brown & R. Twiss
* 1970 Speckle interferometry (visible) Antoine Labeyrie, Paris

* 1972 First heterodyne fringes (10 jtm) Jean Gay & Alain Journet, Grasse
= 1973 Deconvolution algorithm Leon Lucy

« 1975 Triple correlation (visible) Gerd Weigelt, Nuremberg

< 1976 Coupling two independent telescopes Antoine Labeyrie, Paris

* 1987 Decision of VLT Interferometer Observatoire Européen Austral
* 1989 First adaptive optics image (2.2 pim) Gérard Rousset, Paris

1996 First interferometric image (visible) James Baldwin, Cambridge

* 2001 VLTI & Keck Interferometer first light C. Paranal, Chili & Mauna Kea
2001 Adaptive optics on VLT (NAOS) Cerro Paranal, Chili

Summer school on Space and Ground- based Optical Interforomeiry - Leiden, Sept. 18-22. 2000 - page 3
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3. Object, Instrument, Image & Fourier spectra

D R A 5«3 MWM :wdiaﬂ H Em.._.vdsd,g osT

Intensity (irradiance) in object/image and its spatial spectrum

Modulation Transfer Function (MTF)
Degraded MTFs : aberrations, atmosphere

Instrument as a spatial filter
Point Spread Function (PSF)

Object, instrument, image
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4, Coherence of radiation

+  The field radiation '¥(r,7) and the source characteristics

¢« Temporal coherence '

* Spatial coherence

» Spatio-temporal coherence ,,(T)

» Quasi-monochromatic case

« Coherence over an illuminated surface : the Zernike-van Cittert theorem
» Area of coherence A4, étendue 4_€2, volume of coherence

Summer school on Space and Ground- based Optical interferometry - Leiden, Sept. 18-22, 2000 - page 5
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o rayon angulairedela sourcecirculaire

Rayon de coherence
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Rayon de coherence = A/t
o rayon angulaire dela sourcecirculaire

VLTI (¢chelle du ptan du sie)

noir :SoleitaSpc, A=05pm
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F F F F F £ 5. Measuring coherence with an ideal interferometer
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0.63 0.78 <1.91 4.05 (mas

Principles of coherence {comrelation) measurciment
Fringes, complex visibility & source spatial spectrum
Some simple sources
- point-like
- uniform disk
- binary star
Wavefront structure
- loss of coherence : diffraction, scattering. atmospheric propagation
- Zernike poltynomials .
- Maréchal & Rayleigh criteria
From coherence measurement to an image. Aperture synthesis
Interferometry and imaging - is it the same ?
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VLTI (u,v) traces (11 baselines)
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