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By nature the light is a wave propagation phenomena.

Light wave
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A star is essentially a point source at the infinity ().
Therefore the starlight is a plane wave.
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Geometrical optics (GO), or ray optics, describes light
propagation in term of rays.

“wcakabsdockudiadt - £
A

U e il o b i o S ;:

The ray in GO is an abstraction, leading to an useful, but
limited approximation.

GO cannot account for diffraction, since phase information
IS not present.
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Wave optics (WO) treats light with explicit recognition of its
wave nature.

Phase information is present. WO can predicts and explains
diffraction.



t°n

S

&

Diffraction

POWERED BY

Innovations Foresight ALCOR
SYSTEM

Diffraction occurs when a waves encounters an obstacle, such
the aperture of a telescope.
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The point spread function (PSF) describes the response of
an imaging system to a point source.

Intensity

Plane wave Telescope Diffraction limited Diffraction limited
diffraction optics (imaging) PSF (light intensity) image

When the point source is at the infinity (star) the PSF is the
results of an plane wave diffracted by the scope aperture.
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Incoming/outgoing wavefronts fully characterize the system

Wavefront Analyzer
Focal plane Shack-Hartmann
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The analyzer is made of:

1. Collimator to rebuild the incoming plane wave from the PSF
2. Shack Hartmann sensor to analyze the rebuilt “plane wave”
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If the incoming wavefront is a plane wave indeed, so does
the rebuilt one.

plane wave perturbed wavefront
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Any departure from a plane wave is the consequence of the
telescope and optical train aberrations, typically coming from
misalignments (collimation) and optical surface errors.
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A Shack-Hartmann sensor uses a micro-lens array to analyze
the wavefront

perturbed wavefront

lenslet array

image plane
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The star images from the micro-lens array are used for the
reconstruction of the wavefront and its phase error
(departure from a plane wave)

Peak

Valley

Micro-lens array raw image Wavefront phase error
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The wavefront error is used to characterize the optical
aberrations
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Zernike’s coefficients Related wavefront errors
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) Diffraction limited ) Coma aberration only ) Astigmatism aberration only  (4) Spherical aberration only

Many aberrations are challenging to detect with a simple “star
test”, specially under seeing limited conditions.
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ISTARRWIANWES Pro I Shack-Hartmann astronomical wavefront
analyzer set
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The Pro II provides a quantitative aberration
analysis

Zernike nirn |
=1 (Tilt 53] A631.4 [set to zer0) WavefrontXprofile
=Z2 [Tilk "] 11B5.2 [==t to zera)
=3 [Defocus] -836.1 [=et to zera] 55
=4 [Astigmatizm +457] -1.3 )
=5 [@ztigmati=m -457] -Bh4.2 0
ZE [Coma ] 10.6 5
=7 [Coma ) 420
Ny Za [3rd =pherical) 16.6 [Z8 corected] 4
"‘n'?&,’;gg‘,, ‘ Z9 [Trefail ¥ 0.9 .
Z10 [Trefoil 7] E.2 E
. y =11 [Bth astigmatism +/-457] -7 £ 30
| 4 =12 [Bth a=stigmatism 0-307] 4.3
Z13 (Tetrafoil 1] 4.8 =
Z14 [T etrafoil 2] =N~ 2
. =15 [Bth Trefoil =-axis] -4 B
Z16 [Bth Trefoil y-axiz] -4.8 15
Z17 [Bth Coma =-a=i=] -0.1 R
Z18 [Sth Coma y-asis)] .7 1
=19 [Bth =pherical] -5.9 5
g =25 [7Tth spherical] 5.0
Z326 [9th =pherical] 2T 0
Z26 [Muadrafail 1] 39 -40 -3 -24 -18 -8 - ; 8 16 24 32 40
Z27 (Quadrafoil 21 1.8 acls
Zernike Coefs (absolute value)
10
o N T oo e - e ==
= -10
=
-20
-30
—A40
-50

fl
=
[
rd
[l
1]
fl
Ia
[l
o
fl
o
fl
=
[
@
fl
w0
fl
=
=]
fl
=
-
fl
=
8]
fl
=
[
fl
=
Ia
[
=
in
fl
=
o
fl
=
=
fl
=
@
fl
=
w0
[l
P
n
[l
LA
o
[l
rd
o
[l
P
=



O n

POWERED BY

Innovations Fores:ght ALCOR
SYSTEM

‘D

Ex: Scope Collimation

10" RCT collimated with a Star Waves Pro II analyzer

MTF  profile

OTF Modulus

Actual MTF

o Strehl’s ratio: 86.55%

3 16 24 32 an 43 B6 B4 T2 a0 a8 9 104 112 120 123
Spatial frequency (cyc/mm)
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Long term (>10s) seeing permanently spreads the PSF

)

Plane waves from distant point source

Turbulent layer
in atmosphere

Perturbed
wavefronts
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The starlight long term average wavefront is an plane wave!
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Each micro-lens is diffraction limited
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Clear skies!



