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Images & turbulence — 01

The image formed through turbulent atmosphere (optically
speaking) 1s degraded:

e Scintillation (due to intensity fluctuation in the pupil).
e Agitation (due to angle-of-arrival variation).
e Spreading (due to a loss of spatial coherence).
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(Illustration from Pierre Léna, Astrophysique — Méthodes physiques de I'observation, CNRS Ed. (2me éd.), p.177)



Images & turbulence — 02

The object-image relation between the intensity /(«) in
the image plane (i.e. the focal plane of the telescope) and
the brightness O(a) of the object (in the sky) 1s a relation
of convolution implying the point-spread function (PSF)
S(a) of the whole ensemble telescope+atmosphere, with
a the angular coordinates in the focal plane:




Images & turbulence — 03
I(a) = 0(a) xS(a)

This relation 1s valid notably at the condition that the system
1s invariant by translation (everything happens within the
1isoplanatic domain)...
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Images & turbulence — 04

Some orders of magnitude concerning the turbulent

atmosphere:
A = 500 nm A=22um
Fried parameter (ro) — 10 cm 60 cm
velocity of the turbulent layers (v) — 10 m/s id.
=> image FWHM (€=A/ro) — 1”7 ~17

=> evolution time (ToXro/v) — 3 ms 18 ms
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entrance pupil image on the focal plane

remembering eq. 2.17 from
the course of Eric Aristidi:




Images & turbulence — 08

The wavetront is, modulo Al 272’, proportional to the phase (I)(F )

of the wave W(7) which has went through the turbulent
atmosphere before reaching the telescope:

() = A(7) exp{2®(r) }

Note that this phase can be decomposed following a base of
polynomials, for example Zernike ones:




